
Less Acres and Variable  
Yield Mark Ohio’s Crops
From 1994 to 2004, the combined acreage of soybean,  
corn, wheat, and hay decreased by 6 percent.  Oat 
acreage decreased from 120,000 to 60,000 while the 
number of farms fell from 80,000 to 77,000.

In 2003 Ohio produced 487,920,000 bushels of corn, 
162,640,000 bushels of soybean, 68,000,000 bushels 
wheat, and 3,974,000 tons of hay. The combined  
value of that production was over $2 billion.

In 2003 the top producing counties were:
Corn Soybean Wheat Hay
1. Darke 1. Darke 1. Wood 1. Wayne
2. Wood 2. Wood 2. Putnam 2. Holmes 
3. Fulton 3. Putnam 3. Paulding 3. Muskingum 
4. Madison 4. Madison 4. Hancock 4. Tuscarawas
5. Pickaway 5. Hancock 5. Henry 5. Columbiana
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To: Ohio Farmers and Agricultural Industry Personnel

From: The Authors

The agronomic crop scientists at The Ohio State University are pleased to present the 14th edition of the 
Ohio Agronomy Guide. First published in 1966, the Ohio Agronomy Guide continues to serve as the official 
compilation of adaptive research results and recommendations from research and educational programs.

Ohio agronomic research programs are designed to determine responses of various crops and cropping 
systems to management practices and resource inputs, as well as to understand the basic biological and 
chemical mechanisms responsible for these responses. This basic research thrust allows us to model 
cropping systems and predict their behavior under a variety of management schemes. Our aim is also to 
continue developing technologies and cropping systems that are efficient in capturing solar energy, sus-
tainable over time, and environmentally compatible.

This 14th edition reflects a major change in format for the Ohio Agronomy Guide. Weed control products 
and recommendations are printed in a separate bulletin (Weed Control Guide for Ohio Field Crops, OSU 
Extension Bulletin 789). Soil fertility information and fertilization recommendations for soybeans, corn, 
wheat, and alfalfa are also printed separately (Tri-State Fertilizer Recommendations for Corn, Soybeans, 
Wheat, and Alfalfa, OSU Extension Bulletin E-2567). Both bulletins are available at county Extension of-
fices and are also available on the Internet at the Ohio Agronomic Crops Team web site: http://www.
agcrops.osu.edu.

We will continue to supplement the information in this guide with other publications and fact sheets as 
necessary. For additional details and assistance, contact your local county Extension educator or one of 
the authors (see inside front cover). We welcome your suggestions and input for improvement of both 
this publication and our research and educational programs.
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This publication contains pesticide recommendations that are subject to change at any time. These recom-
mendations are provided only as a guide. It is always the pesticide applicator’s responsibility, by law, to 
read and follow all current label directions for the specific pesticide being used. Due to constantly chang-
ing labels and product registration, some of the recommendations given in writing may no longer be legal 
by the time you read them. If any information in these recommendations disagrees with the label, the rec-
ommendation must be disregarded. No endorsement is intended for products mentioned, nor is criticism 
meant for products not mentioned. The authors and Ohio State University Extension assume no liability 
resulting from the use of these recommendations.
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Chapter 1
Ohio’s Climate and Soil
By Dr. Jim Beuerlein

Because no mountain ranges exist between Ohio and 
the polar regions, no effective barrier prevents the 
southward spread of Arctic air from northern Canada. 
Similarly, warm tropical air masses move freely north-
ward in the summer. Storm systems form along the 
boundary between major cold and warm air masses, 
and storm paths frequently cross the Ohio Valley and 
the Lower Great Lakes.

The climate of Ohio varies significantly throughout the 
state. Mean annual air temperatures range from 49°F 
in the northeast to 57°F in the extreme south. Normal 
annual precipitation ranges from a low of less than 30 
inches at Put-in-Bay to a high of more than 44 inches in 
parts of Clinton and Highland Counties. Ohio’s cli-
mate is continental, with a wide range of air tempera-
tures, higher precipitation in the spring and summer, 
and lower precipitation in the fall and winter.

Average length of the freeze-free period (number of 
growing season days) ranges from a high of 200 days 

along the Lake Erie shore to a low of 140 days in east 
central Ohio (Figure 1-1). The earliest dates with a 
50% or less chance of frost (32°F) range from April 20 
for areas immediately adjacent to Lake Erie to May 15 
in east central Ohio (Figure 1-2). The earliest freezing 
temperatures in the field generally occur around Sep-
tember 30 in east central Ohio and October 20 along 
the Lake and in southern Ohio (Figure 1-3).

Most soils in Ohio are saturated during March and ear-
ly April. Although growing season rainfall varies from 
a low of 18 inches to a high of 26 inches (Figure 1-4), it 
may not be adequate for maximum yield unless effec-
tive water management practices are used throughout 
the growing season. Soil moisture declines during 
June, July, and August; by the end of August, available 
soil moisture is usually reduced by 80% or more.

For additional information on climate and its influence 
on crop production, refer to: http://www.usda.gov/
nass/pubs/staterpt.htm?
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Figure 1-1. Average number of days without killing frost.
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Figure 1-2. Dates in spring after which the chance of temperatures falling to 32°F or lower is less than 50%.
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Figure 1-4. Long-term average rainfall (inches) for growing season, April through September. 

Some agronomic crops (such as corn) progress through 
the various growth stages in response to heat units or 
growing degree days (GDD). Table 1-1 shows the GDD 
for several sites in Ohio starting at various dates in 

May through the 10% frost date in the fall. The infor-
mation in this table is useful in predicting when corn 
hybrids with varying heat unit requirements will reach 
various growth stages. 
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Table 1-1: Growing Degree Days (GDD) for Various Sites in Ohio from Several Dates in May Through the 10% Frost 
Date in the Fall.

Day in May
Station Name 1 8 15 22 29
Akron-Canton-AP 2324 2250 2176 2102 2028
Ashland 2650 2570 2489 2408 2327
Athens 2763 2663 2563 2463 2363
Barnesville 2391 2311 2231 2152 2072
Bellefontaine 2779 2691 2603 2514 2426
Bowling Green 2805 2718 2630 2542 2454
Bucyrus 2525 2444 2363 2282 2201
Cadiz 2820 2731 2642 2553 2464
Caldwell 2814 2718 2621 2524 2427
Cambridge 2676 2582 2488 2395 2301
Canfield 2277 2208 2138 2069 2000
Carpenter 2791 2691 2590 2489 2388
Celina 2782 2687 2592 2497 2401
Centerburg 2501 2416 2331 2246 2161
Chardon 2434 2366 2298 2230 2162
Charles Mill Dam 2245 2176 2106 2037 1968
Chillicothe 3158 3049 2940 2831 2722
Chilo 3099 2994 2890 2785 2681
Chippewa Lake 2389 2313 2237 2161 2085
Cincinnati-Abbe 3391 3283 3175 3067 2959
Circleville 3023 2917 2811 2704 2598
Columbus-OSU 2777 2683 2590 2496 2403
Coshocton 2787 2691 2596 2500 2404
Dayton 3237 3125 3014 2903 2792
Defiance 2570 2489 2408 2327 2246
Delaware 2726 2637 2547 2457 2367
Dennison 2491 2405 2319 2233 2147
Dorset 1977 1915 1852 1790 1728
Eaton 2769 2678 2588 2497 2407
Elyria 2682 2603 2524 2445 2368
Fernhank Dam 3324 3215 3107 2998 2889
Findlay 2598 2518 2437 2357 2276
Franklin 2896 2796 2696 2596 2496
Fredricktown 2372 2293 2213 2134 2054
Fremont 2828 2741 2655 2568 2481
Gallipolis 3160 3045 2931 2816 2701
Geneva 2525 2460 2395 2330 2265
Greenville 2707 2621 2535 2449 2365
Hamilton 3132 3024 2915 2807 2698
Hillsboro 2931 2835 2738 2642 2546
Hiram 2460 2409 2338 2267 2196
Hoytville 2623 2535 2447 2359 2272
Ironton 3359 3240 3121 3002 2884
Irwin 2574 2487 2400 2313 2226
Jackson 2739 2638 2536 2434 2332
Kenton 2604 2523 2443 2362 2281

Day in May
Station Name 1 8 15 22 29
Lancaster 2750 2654 2557 2461 2364
Lima 2706 2617 2529 2441 2353
London 2755 2665 2576 2487 2398
Marietta 2918 2818 2719 2619 2520
Marion 2721 2629 2538 2447 2356
Marysville 2630 2545 2460 2375 2291
McConnelsville 2898 2805 2712 2618 2525
Millersburg 2528 2444 2360 2276 2192
Millport 2182 2111 2041 1971 1901
Mineral Ridge 2513 2433 2354 2274 2194
Montpilier 2684 2580 2495 2411 2327
Napoleon 2692 2610 2528 2446 2365
NC-Substation 2510 2427 2344 2261 2179
Newark 2636 2545 2455 2365 2275
New Lexington 2595 2504 2412 2321 2229
Norwalk 2569 2490 2411 2332 2254
Oberlin 2618 2539 2459 2380 2301
Painesville 2642 2575 2509 2442 2376
Pandora 2518 2435 2351 2268 2185
Paulding 2651 2567 2484 2400 2317
Peebles 2898 2795 2691 2587 2483
Philo 2885 2784 2682 2581 2480
Plymouth 2569 2491 2412 2333 2254
Portsmouth 3476 3353 3231 3109 2987
Put-in-Bay 3087 3013 2939 2865 2791
Ravenna-Arsenal 2185 2112 2040 1967 1894
Sandusky 3030 2946 2863 2779 2696
S.Charleston 2617 2505 2394 2283 2172
Senecaville Dam 2497 2408 2319 2229 2140
Sidney 2653 2567 2481 2395 2308
Springfield 3103 3002 2900 2799 2697
Steubenville 2837 2747 2657 2567 2477
Tiffin 2762 2675 2587 2500 2412
Tom Jenkins Dam 2150 2072 1994 1916 1838
Upper Sandusky 2721 2632 2543 2453 2364
Urbana 2622 2535 2449 2362 2276
Van Wert 2778 2688 2598 2509 2419
Warren 2559 2479 2398 2318 2237
Washington CH 2909 2812 2716 2619 2523
Wauseon 2516 2439 2362 2285 2208
Waverly 2917 2811 2706 2600 2495
Wilmington 2958 2856 2754 2653 2551
Wooster 2350 2277 2205 2132 2059
Xenia 2893 2794 2695 2596 2496
Zanesville 2351 2266 2181 2096 2011
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Soil Formation and Soil Properties
Soils are continuous over the earth’s surface, except 
on steep and rugged mountains, areas of perpetual 
ice and snow, extreme deserts, and salt flats. Soils are 
formed by the weathering of parent materials that are 
deposited or accumulate by geological activity. The 
two major stages in soil formation are the accumula-
tion of parent material and the differentiation of hori-
zons within the soil profile.

Soil characteristics depend on the interrelationships of 
five soil-forming factors:

• Physical and mineralogical composition of the par-
ent material.

• Climate under which the material was accumu-
lated and has existed since accumulation.

• Plant and animal life in and on the soil.
• Relief, or lay of the land.
• Length of time weathering has acted on the soil 

material.

Because different factors dominate in different regions, 
many different kinds of soil are formed. 

Four basic changes occur in the soil system—additions, 
removals, transfers, and transformations. The intensity 
of soil-forming processes, now and in the past, has de-
termined the degree of layer or horizon differentiation 
and the soil properties and characteristics we observe 
today. Soils are identified, described, and classified by 
their physical and chemical property characteristics 
which are measured and determined by using labora-
tory tests.

Soil Properties and Crop 
Management
The physical and chemical properties of a soil greatly 
affect crop yields. The soil properties that determine 
how well a crop performs on a given soil and the best 
cultural and management practices to use for its pro-
duction are listed here.

• Organic matter content
• Soil texture 
• Subsoil pH 
• Water in the soil available to plants 
• Slope of the topography 
• Natural soil drainage

Organic Matter Content
Excluding muck and peat soils, the amount of organic 
matter in mineral soils ranges from about 1% to 20% 
in the topsoil. Most Ohio soils range from 1% to 6%. 
The organic matter content in most light-colored soils 
is between 1.5% and 3%, while a large proportion of 
the dark-colored soils contains between 3% and 6%. 
Organic matter content decreases markedly with soil 
depth.

In light-colored soil, the organic matter content below 
the plow layer is usually between 0.5% and 1%, and at 
depths of 20 or 30 inches only trace amounts exist. In 
dark-colored soils, the organic matter content is com-
monly between 1% and 3% immediately below the 
plow layer and decreases with depth to less than 0.5% 
at 24 inches of depth.

Soil organic matter provides nitrogen, phosphorus, 
and some micronutrients for crop production as the or-
ganic matter is oxidized or decays. The level of organic 
matter in the soil cannot be changed easily. Most crops 
produce less than four tons of dry matter per acre an-
nually, which is less than 0.4% of the total soil mass in 
eight inches depth over an acre. Only a small portion 
of the crop dry matter will actually become organic 
matter. If large volumes of manure—200 to 300 tons 
per acre—were applied annually, a significant change 
in organic content might be achieved, particularly in 
coarse-textured soils.

Historically, when forages were part of the crop rota-
tion, nutrient release and soil tilth increased due to the 
season-long production of roots. Currently, well fertil-
ized, high-yielding grain crops return large volumes 
of residue to the soil and are a source of nutrients. On 
medium-textured soils low in organic matter, crop 
residues are usually more beneficial when left on the 
surface than when incorporated. During the growing 
season this surface residue reduces the formation of 
soil crusts and results in increased water infiltration 
and higher crop yields. Crop residue on the surface of 
fine-textured soils such as silty clay loam or clay loam 
may delay planting by delaying soil drying.

Soil Texture
The relative amounts of sand, silt, and clay in the soil 
determine soil texture. The soil texture classes, in order 
of decreasing particle sizes (coarse to fine), are as fol-
lows:
 1. Sand 
 2. Loamy sand 
 3. Sandy loam 
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 4. Loam
 5. Silt loam
 6. Silt
 7. Sandy clay loam
 8. Clay loam
 9. Silty clay loam 
 10. Sandy clay 
 11. Silty clay
 12. Clay 
Figure 1–5 shows the ranges of sand, silt, and clay in 
each soil texture class. Sand is the largest soil particle, 
ranging in diameter from 0.08 to 0.002 inch; clay is the 
smallest particle, with a diameter of less than 0.00008 
inch. The soils on Ohio farmland predominately have 
textures classified as loam, silt loam, clay loam, and 
silty clay loam as seen in Table 1–2.

Figure 1-5: A guide to soil texture.

Table 1-2: Acreage of Soils with Various Textures on 
Farmland in Ohio.

 
Soil Textural Class 

 
Acreage 

Percentage  
of Farmland 

Sand, loamy sand, loamy 
fine sand

670,666 3

Sandy loam, fine sandy 
loam 

312,729 1

Loam, silt loam 17,844,103 77

Silty clay loam, clay loam 3,574,255 15

Silty clay, clay 986,708 4

The surface area of soil particles is also important and 
varies with soil particle size as indicated in Table 1-3. 
As the soil particle size decreases, surface area in a 
given volume of soil increases. Soil surface area deter-
mines the amount of nutrients that can be held in the 
soil. Clay has a large surface area and has negatively 
charged particles. These negative charges are mea-
sured as exchange activity for cations such as Ca++, 
K+, and others, and collectively is called the Cation 
Exchange Capacity (CEC).

Table 1-3: Soil Particle Size and Surface Area.

Particle Size Surface Area (sq. ft./lb. of soil)

Sand 100

Silt 400

Clay 10,000

Soils containing more than 50% silt usually have a 
weak structure and crust easily. This crust contributes 
to water runoff, sedimentation problems, and reduced 
gas exchange. A rough soil surface or a residue cover, 
however, can mitigate this problem. Crop residues 
should remain on the surface during the fall and early 
winter to improve water intake and recharge soil mois-
ture on adequately drained soils. During the growing 
season, runoff will occur if the soil surface is not po-
rous enough to allow water intake. Shallow cultivation 
of row crops reduces soil crusting and increases water 
intake and gas exchange where residue cover is absent. 
A residue cover on at least 80% of the surface is more 
effective than cultivation for these purposes.

Clay or fine-textured soils may crust, but the crust typ-
ically fractures on drying because some types of clay 
change volume when they dry, which improves water 
infiltration and air exchange. Soil moisture recharge on 
clay-textured soils usually produces no serious prob-
lem. However, plowing late in the spring, when soil 
moisture is high, may produce soil clods and prevent 
the preparation of a desirable seedbed. In the absence 
of weeds, cultivation of these fine-textured soils during 
the growing season is not necessary for rapid water 
intake and gas exchange.

Soil texture also influences plowing depth. If the soil 
texture is fairly uniform to a depth of 12 inches, little 
alteration of the soil’s physical condition may be 
gained from deep plowing. If the soil texture changes 
considerably from a silt loam to a clay texture at eight 
to 10 inches, some caution should be exercised in in-
creasing the plowing depth. Gradually plowing deeper 
and mixing these two materials is more desirable than 
plowing an additional depth of three to four inches in 
one year.
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Subsoil pH
Naturally occurring alkaline parent materials become 
acidic as a result of leaching over long periods of time. 
Water moving through the soil, particularly in late 
winter and spring, removes soluble cations (such as 
Ca++ and Mg++) from the soil profile. After the cations 
have been leached, the removal of these basic elements 
exceeds the rate of production by weathering, and the 
soil becomes acidic. The degree of soil acidity is, there-
fore, a result of the reaction of the soil parent material, 
the amount of water moving through the soil, and the 
length of time the water has been moving through the 
soil.

Soil reaction, commonly expressed as pH, is a measure 
of the intensity of acidity or alkalinity. Most Ohio soils 
have values ranging from pH 4.0 to pH 8.5. In soils of 
strip mine spoils in southeastern Ohio, the pH may 
be as low as pH 2.0. The pH, or degree of acidity, of 
subsoils varies greatly among Ohio soils. Soils formed 
from similar parent material tend to have similar pH 
values (Table 1-4). Terms commonly used to describe 
soil pH are as follows:

 Below 4.5  Extremely acidic
 4.5–5.0 Very strongly acidic
 5.1–5.5 Strongly acidic
 5.6–6.0 Medium acidic
 6.1–6.5 Slightly acidic
 6.6–7.3 Neutral
 7.4–7.8 Mildly alkaline
 7.9–8.4 Moderately alkaline
 8.5–9.0 Strongly alkaline

Table 1-4: Soil Reaction with Depth.

Soil Series Soil Depth  
(Inches)

Soil pH

Blount silt loam 0–9 6.4

9–12 5.4

12–21 5.4

21–29 6.1

29–33 7.2

Kokomo silty clay loam 0–7 6.1

7–10 6.1

10–14 6.3

14 - 20 6.5

20 - 29 7.1

29 - 42 7.5

Plowing deeper than seven or eight inches on the light-
colored Blount soil often lowers the pH of the plow 
layer due to the incorporation of the more acidic layer 
below. The pH of the new plow depth will be some-
what lower than the original plow layer because of 
the mixing of two soil layers having two different pH 
values.

Materials from which the Ohio soils developed had a 
wide range in pH. The parent materials in western and 
northwestern Ohio have high pH values and contain 
as much as 50% calcium carbonate or its equivalent. 
Eastern and southeastern Ohio soils, however, have 
developed mainly from acidic sandstones and shale, 
which have pH values as low as 5.0. Some bedrock 
strata associated with coal beds contain iron sulfates 
and are strongly acidic when first exposed to air. This 
oxidation of the iron sulfates may result in soil pH 
values as low as pH 2.0.

Soil Water Available to Plants
Water in the soil is held in voids, or pore spaces, and as 
thin films on the surface of soil particles. Normally the 
soil consists of about 50% pore space. When this pore 
space is completely filled with water, the soil is satu-
rated. When no more water will drain from the large 
soil pores—which occurs within one or two days after 
rainfall—the moisture level is described as being at 
field capacity. Much of the moisture held in the soil at 
this level is available for uptake by growing plants.

Soil moisture is considered low when it is present only 
in very small pores. Because water in small pores is 
held tightly, the energy available to roots for removing 
water is not sufficient to extract it at the rate that it is 
being transpired. When this condition exists, the plant 
leaves wilt or curl, and this soil moisture level is called 
the wilting point. The amount of soil water between 
field capacity and the wilting point is the available 
water-supplying capacity of the soil. Available water-
supplying capacity is designated as inches of water 
per inch of soil, or as a percent by weight. This water is 
available to plants when root development and aera-
tion are adequate for optimum plant growth.

An acre inch of water is approximately 27,000 gallons. 
Soils have available water capacities of from four to 
eight inches in four feet of soil. As shown in Figure 1-6, 
texture influences the amount of water held in the soil. 
In this chart, the vertical distance between the wilting 
point and field capacity for each soil texture deter-
mines the available water-supplying capacity. A silt 
loam or loam texture soil holds the largest amount of 
available water per inch of soil.
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Figure 1-6. Available water capacity for 10 soil textures—inches of water/foot of soil.

The moisture available for crop use includes the 
amount of water held by the soil as well as factors 
that influence how water moves into and through the 
soil. During the growing season, high-intensity rain-
fall infiltrates slowly into soils with textures having 
the greatest water-holding capacity. Fine sandy loam 
and silt loam soils, for example, have low infiltration 
rates. A lack of adequate clay, which is important for 

the development of a durable structure, contributes to 
low infiltration. Other factors that reduce infiltration 
include continued tillage of these soils, an increase in 
rainfall, and a sealing of the soil surface (which also 
increases runoff). Figure 1-7 illustrates the rate of infil-
tration of both fine- and medium-textured soils on corn 
seedbeds when the soils are initially dry.

Figure 1-7. Soil texture and rate of infiltration (OARDC).

Blount and Canfield are medium-textured soils with 
weak structure. The breaking down of the soil struc-
ture by raindrop impact greatly reduces the water infil-
tration rate. Hoytville soil, a fine-textured soil contain-
ing considerable clay and organic matter, maintains a 

high infiltration rate at the soil surface. The infiltration 
rate of the fine-textured soil is adequate to enable the 
infiltration of essentially all water from rainfalls of 
high intensity and short duration.
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Slope of the Topography
The topography of an area influences soil move-
ment, soil depth, internal soil drainage, and other soil 
properties. Topography must be considered when 
determining the soil management practices and con-
servation measures for farming operations. Most agri-
cultural soils in Ohio are on slopes ranging from nearly 
level to 18% (18 feet of height per 100 feet horizontal 
distance).

Movement of materials applied to the soil surface is 
directly related its slope. Sloping topography contrib-
utes to movement of surface-applied material primar-
ily because of low infiltration rates and surface runoff, 
either from frozen or crusted surfaces lacking adequate 
residue cover or surface roughness. Nearly level to-
pography, where soil usually drains poorly, may also 
result in surface movement of materials by water when 
a saturated condition in the soil causes low infiltration 
and high runoff.

Slope aspect or direction of exposure may also influ-
ence surface runoff. Southern exposures have fluctuat-
ing temperatures, which affect freezing and thawing, 
while slopes with a northern exposure have more 
uniform temperatures during winter and spring. The 
slope also influences vegetative growth during sum-
mer. Southern slopes are warmer and drier, while 
northern slopes are cooler and have higher soil mois-
ture contents.

Natural Soil Drainage
Most Ohio topsoils hold one to two inches of water 
in the plow layer. When the downward rate of water 

movement is restricted by fine-textured subsoils, hard 
pans, or other impervious material, a saturated zone 
develops in which voids in the soil, normally contain-
ing air, fill with water. Saturated soil or poor drainage 
causes many problems and limits the uses of many 
soils. In the early history of Ohio, approximately 200 
years ago, the extensive Black Swamp of northwestern 
Ohio was covered by swamp vegetation. After large 
ditches were used to drain this part of the state, it 
became an important agricultural area. Adequate soil 
drainage is the largest soil management problem in 
Ohio agriculture. Approximately 57% of the soils used 
for cropland in Ohio have a natural drainage limita-
tion.

Not all Ohio soils, however, are poorly drained. The 
rate of water movement through some soils is ad-
equate to prevent the buildup of a saturated zone 
of water within the root zone. These soils are com-
monly called “well-drained soils.” In “moderately 
well-drained soils,” saturated zones are present only 
during short periods in the spring. Other soils are re-
ferred to as “somewhat poorly drained,” depending 
on the location of the saturated zone in the soil and the 
length of time it is present. Figure 1-8 shows the occur-
rence of saturated zones in well-drained, moderately 
well-drained, somewhat poorly drained, and poorly 
drained Ohio soils during winter and spring.

For crop production to be profitable, soil drainage 
problems must be eliminated, using appropriate drain-
age measures, such as land smoothing and tiling. 
Recommendations for drainage improvements are 
available in the Ohio Drainage Guide, 1973 and on the 
Internet at: www.ag.ohio-state.edu/~agwatmgt/. 

Figure 1-8. Saturated zones of water in Ohio soils by depth and season. (Adapted from Summary of Soil 
and Water Studies, Ohio Department of Natural Resources, Division of Lands and Soil.)
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Ohio Soil Regions
Ohio is divided into eight soil regions (Figure 1-9). 
These regions are principally delineated by parent 
material properties and glaciation. Soil properties of 
Region I have been influenced by water impoundment 
during glaciation, which resulted in deposits of fine 
sediment in deeper areas of historic lakes and coarse 
sediments near lake margins. Textures of these soils 
range from fine (clay) to coarse (sand). Soils of Region 
II were developed in glacial till containing consider-
able limestone material and clay. Textures of these soils 
range from medium (silt) to fine (clay). 

Soils of Region III reflect a lesser influence of clay com-
pared with the fine-textured soils of Region I and II. 
The glacial till is medium textured. The amount of silty 
material in these soils increases from the north to the 
south, with values of 65% to 70% silt in the plow layer 
being common in the southern part of this region.
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Figure 1-9. Ohio soil regions.

Region IV is the oldest glaciated area in Ohio. The soils 
in this region are extensively weathered and extend to a 
considerable depth. Topsoil usually extends to a depth 
of 10 to 12 inches; total soil depth may exceed eight feet 
although soil below the five-foot depth contributes little 
to plant growth. The topography in many areas of this 
region is relatively flat and has inadequate drainage, 
which results in slow or very slow water movement 
through the subsoil. 

Soils in Region V have been influenced by successive 
levels of impounded water. The lake-plain soils of 

northeastern and northwestern Ohio were deposited at 
about the same time. The lake-plain soils of northeastern 
Ohio range from fine to coarse texture but are generally 
more acidic than northwestern Ohio soils. 

The glacial till in Region VI is predominately medium 
textured, with some areas of fine texture. Calcium car-
bonate (lime) content of the glacial till increases from 
east to west, with the eastern area containing mostly 
sandstone and shale fragments, and the western area 
containing considerable limestone. Two soil properties 
peculiar to some of the soils in this area are the high 
content of extractable aluminum, which increases lime 
requirements, and dense, medium-textured subsoil 
“pans.”

Region VII is the largest residual soil region in Ohio. 
Glaciation has had little influence on the soils in this 
area, with the exception of the alluvial or terrace soils 
formed from the movement of glacially derived material 
down stream valleys. This soil region is in the foothills 
of the Appalachian plateau, and topography ranges 
from nearly level to extremely steep. The soils are devel-
oped on weathered materials derived from sandstone, 
shale, and limestone. Because considerable mass move-
ment of material has occurred on these slopes, many of 
the soils are mixtures of bedrock materials. 

Region VIII soils are found in parts of Adams, Brown, 
and Highland counties. These soils were developed on 
sloping to steep, rolling topography in unglaciated areas 
of limestone and shale bedrock. 

Available Data on Soil Properties
Approximately 400 soil series exist in Ohio. Soil survey 
reports, published by the Natural Resources Conserva-
tion Service (NRCS), formerly the Soil Conservation 
Service, contain soil property information for each series 
on a county-wide basis. The soil surveys also contain 
maps identifying the locations of the various soil series. 
Soil surveys have been completed for all 88 Ohio coun-
ties and are available from local NRCS offices. Complete 
descriptions of the physical and chemical properties of 
each Ohio soil can be found on the Internet at: http://
soils.usda.gov/technical/classification/osd .

Another web site with useful information about Ohio’s 
soils is: http://www.dnr.state.oh.us/soilandwater/
soils/soilreg1.htm 

This site is maintained by the division of soil and water 
conservation and contains information on coastal non-
point pollution control, environmental education, Ohio 
soils, Soil and Water Conservation Districts of Ohio, 
stream morphology, watersheds, and more.
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Chapter 2
Soil and Water Management
By Dr. Donald Eckert

Soil and water are two critical components of crop 
production. Our agronomic crops depend on soil for 
physical support and to provide the water and nutri-
ents necessary for optimum performance. The charac-
teristics of Ohio soils vary tremendously from place to 
place, even within the same field, and as characteristics 
change, management practices necessary for optimum 
production and environmental protection may change 
also. Producers should know how soil properties influ-
ence production and which management practices are 
best suited to the particular soils found on their farms. 
Characteristics of the soil series found in Ohio can be 
found in the Soil Survey bulletins usually available 
from the local Soil and Water Conservation District, 
Ohio State University Extension, or Natural Resource 
Conservation Service offices. Information for individ-
ual soil series is also available on-line at: http://www.
dnr.state.oh.us/soilandwater/soils/soilsinfolinks.htm.

Efficient water management is perhaps the most im-
portant aspect of crop production. Crop yields are 
affected adversely by the presence of too much or too 
little water, and unfortunately, many Ohio producers 
are faced with both problems in the same year. Re-
searchers at the USDA-Agricultural Research Service’s 
North Appalachian Experimental Watershed near 
Coshocton have shown that Ohio crops may use the 
following amounts of water during a typical growing 
season:

• Corn 20 to 22 inches
• Wheat 12 to 15 inches
• Meadow 18 to 26 inches

In a typical year, precipitation exceeds crop water use 
in winter, spring, and autumn. During the spring, ex-
cess soil water may even interfere with field operations 
and early crop development. During summer months, 
however, crop needs often exceed precipitation, and 
the crop must rely on water stored in the soil from 
previous rains. Therefore, an ideal water management 
system permits maximum intake and storage of water 
in the soil profile, but also provides a means of drain-
ing any excess water quickly from the soil.

Drainage—The Critical Factor
Drainage class is probably the most important soil 
characteristic influencing choice of management op-
tions, and failure to consider drainage when planning 

production programs is a common reason for poor 
crop performance. The term drainage refers to how long 
during the year soils are saturated at or near the soil 
surface. Though the characteristics of Ohio’s topsoils 
vary widely across the state, many of our subsoils 
transmit water very slowly. When water enters the soil 
faster than it can be removed (as can happen in win-
ter and early spring when vegetation is dormant and 
evapotranspiration is minimal), it may become trapped 
in the soil due to the low permeability of the subsoil, 
and a zone of saturation may form at or near the soil 
surface. The presence of such a saturated zone can 
affect root health, soil fertility, and our ability to work 
the soil safely. Due to the importance of this phenom-
enon, all Ohio soil series are classified by drainage. The 
more common drainage classes include:

 Well-Drained Soils—These soils rarely become 
saturated near the surface. They generally occur on 
sloping sites, where significant runoff reduces the 
amount of water infiltrating the soil. They do not 
usually require drainage improvements and can be 
worked relatively early in the spring, but they can 
be sensitive to drought during the summer.

 Somewhat Poorly Drained Soils—These soils 
often become saturated near the soil surface for 
moderate lengths of time, particularly in late win-
ter and early spring. They are often modified by 
drainage improvements to allow earlier field work, 
improve root health, and reduce nitrogen losses 
due to denitrification. These soils are extremely 
widespread in the crop-producing regions of Ohio.

 Poorly Drained and Very Poorly Drained Soils—
These soils readily become saturated at or near the 
surface and may remain saturated or even flooded 
well into the spring or early summer. They are also 
prone to becoming resaturated or flooded during 
heavy summer storms. They occur on level or de-
pressed areas on the landscape. A common charac-
teristic of these soils is a relatively high concentra-
tion of organic matter in the topsoil, giving them 
dark-colored surface horizons and excellent pro-
ductivity when drained artificially. Without drain-
age improvements, however, they are prone to 
much-delayed planting, denitrification, manganese 
deficiency, poor root development, depressed nod-
ule activity in legumes, and serious root diseases. 
These soils can be Ohio’s most or least productive 
ones, depending on how well they are managed.
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Drainage improvement, though expensive, is among 
the most profitable actions a crop producer can take. 
Improving drainage on more poorly drained soils ex-
pands production options, reduces many problems, 
and usually improves yields in wet and dry years 
alike. Crop rooting, soil biological activity, fertility, and 
water-use efficiency can all be improved by removing 
excess water from soils. Drainage can be improved in 
a number of ways—by grading land to eliminate low 
spots and promote managed runoff, installing surface 
drains and ditches to collect water and channel it safe-
ly off the field, and installing perforated plastic pipe 
below the soil surface to collect and remove excess wa-
ter from the soil profile. Installing such practices and 
structures requires detailed analysis and procedures. 
Producers are urged to consult drainage contractors 
and specialists for assistance. Further information 
on drainage improvements can be found at: http://
ohioline.osu.edu/aex-fact/0320.html .

Managing Soil Structure
Individual soil particles usually group together to form 
larger physical units called aggregates. In most Ohio 
soils, particles in the topsoil naturally bind together 
to form small granules or crumbs. Such soil structure 
is ideal for promoting good seed-soil contact and ger-
mination, development of extensive root systems that 
allow for optimum water and nutrient utilization, and 
free water and air movement through the root zone. 
Several conditions can develop in the soil when this 
structure is disrupted. These conditions include sur-
face crusting, subsurface compaction, and creation of 
large, unmanageable clods. None is particularly desir-
able for crop production.

Surface soils with relatively low organic matter and 
high silt concentrations often form hard, imperme-
able crusts that interfere with seedling emergence and 
restrict the intake of mid-season rainfall. Important 
agricultural soils, including Blount, Canfield, Card-
ington, Crosby, and Fincastle fall into this category. 
Hard crusts form when raindrop impact destroys weak 
aggregates at the soil surface, causing the surface to 
disintegrate and dry into a solid, impermeable mass. 
Young seedlings may not be able to generate force suf-
ficient to break through the crust and may be trapped 
and die underground. Fracturing early season crusts 
with a tool such as a rotary hoe may facilitate emer-
gence and increase stand significantly. 

Crops growing on crusted soils may suffer moisture 
stress if the soil has not stored enough water prior to 
crusting to support the crop until maturity. On such 
soils, preventing or eliminating crusting can increase 

water infiltration and yield, often significantly. Me-
chanical inter-row cultivation, which breaks up an ex-
isting crust, will usually raise yields on crusting soils. 
On soil where crusting is not a problem, however, 
cultivation may be of benefit only in controlling weeds. 
Cultivation should be deep enough to break up the 
crust, but not so deep as to damage plant root systems.

Using a tillage system that leaves crop residue on the 
surface also reduces crusting. Residues reduce direct 
raindrop impact and promote biological activity at 
the soil surface, which maintains permeability and 
promotes greater infiltration (see Table 2-1). Increasing 
mid-season infiltration is likely the major reason why 
no-tillage practices increase yields to the extent they do 
on well-drained soils subject to crusting.

Table 2-1: Effect of Tillage and Soil Cover on Water 
Infiltration for a Dry Wooster Silt Loam Soil Under 
Simulated Rainfall (OARDC, 1964). The Wooster Soil 
Crusts Severely.

Tillage System 
and Residue 

Cover

Infiltration Rate  
After 1 Hr.

Total Infiltration  
After 1 Hr.

cm/hr cm

Plowed, disked, 
cultivated, bare

0.66 1.80

No-till, bare 0.28 1.22

No-till, 40% cover 1.17 2.34

No-till, 80% cover 2.64 4.39

Driving on soils when they are too wet can cause com-
pacted layers to develop in the soil profile. Such lay-
ers can restrict rooting to shallow depths and reduce 
percolation of excess water following rain. This situ-
ation can cause the upper layer of the soil to become 
saturated more quickly than normal and may also 
prevent roots from obtaining nutrients and water from 
deeper in the soil during dry periods. Both effects are 
detrimental to yield. Compaction problems seem to be 
increasing in Ohio, likely a result of heavier equipment 
and loads, coupled with warmer winters that reduce 
opportunities for deep freezing and thawing.

Surprisingly, much compaction occurs when soils 
are moist, not saturated. Unfortunately, this condi-
tion is common in mid-spring and fall, when timely 
fieldwork is critical. Because it is almost impossible 
to avoid working in fields when they are sensitive to 
compaction, producers need to take as many steps as 
possible to minimize damage to the soil. These include 
inflating tires to proper pressure (http://ohioline.osu.
edu/aex-fact/0530.html ); reducing axle loads, particu-
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larly during harvest; and limiting the area driven upon 
(i.e., controlling traffic). Several additional tips for 
reducing compaction can be found at: http://ohioline.
osu.edu/agf-fact/0113.html .

Most Ohio soils contain significant quantities of clay 
and are subject to smearing and clod formation if they 
are worked when wet. Working wet soils can often 
create very large clods that may persist and interfere 
with production throughout the growing season. Poor 
seed-soil contact (and impaired germination) is a major 
problem that results from planting into a cloddy soil. 
Planting into wet soils may also create other unfavor-
able conditions, including smeared seed furrows that 
are impenetrable by young roots, or furrows that re-
open upon drying, exposing the seed and severely lim-
iting germination. Planting should always be delayed 
until soils are crumbly and good seed-soil contact can 
be obtained.

Efficient Water Use
Ohio is not usually considered to be a dry state, but 
periods of dry weather are often capable of stressing 
crops and reducing yields. Rainfall usually exceeds 
crop water use during spring and early summer. How-
ever, in most areas of the state, late-season water use 
by crops exceeds what is supplied by precipitation, 
creating the potential for stress unless a reserve of 
moisture has been accumulated from previous rains. 
Several practices can help make the best use of the 
water available throughout the growing season.

Practices that promote vigorous rooting allow plants 
to explore the soil to a maximum extent and utilize 
much of the water in the soil profile. Obviously, prac-
tices that limit compaction will limit the occurrence of 
impenetrable zones in the soil. Subsurface drainage 
improvements on wet soils allow roots to penetrate 
more deeply into the soil and make better use of water 
deeper in the profile. Rotating crops can also promote 
more extensive rooting by reducing root predation by 
soil insects and pathogens, and possibly by reducing 
the concentrations of autotoxic substances in the soil.

Crop residues on the soil surface do more than in-
crease infiltration on crusting soil; they also reduce 
evaporation of soil water. This results in more soil 
water being potentially available for crop use. Adopt-
ing tillage and cropping systems that leave significant 
quantities of residues on the soil surface is beneficial, 
particularly on well-drained soils; however, on more 
poorly drained sites, such systems are most effective 
when used in conjunction with a drainage system that 
quickly removes excess water as it accumulates. Yield 

reductions can occur if too much water accumulates in 
the soil.

Proper timing of forage harvests can save large quanti-
ties of water for later growth. As forage crops approach 
the recommended stages for cutting, the amount of dry 
matter produced for every gallon of water used de-
clines rapidly. Water is being used to maintain plants, 
rather than to support further accumulation of useful 
forage. Harvesting at the recommended time reduces 
the total amount of water used by that cutting, con-
serving moisture to support future growth.

Matching plant densities to soil conditions helps con-
vert the water available into the best possible yields. 
Whereas high densities may be appropriate on soils 
rarely subject to drought, such as Kokomo or Pewamo, 
densities on sands, eroded knobs, and other drought-
prone soils should be lower. This allows the overall 
population of plants to make the most grain per gallon 
of water available. When planting at low densities, it 
is important to plant varieties that have an acceptable 
yield potential at lower populations.

Irrigation
Irrigation is not widely used on field crops in Ohio, but 
a more frequent occurrence of erratic rainfall and yield 
losses due to moisture stress over the past 20 years has 
caused more producers to consider it. Some factors to 
evaluate before investing in irrigation include:

 1. Water Supply—Irrigation requires that a water 
supply deliver an adequate volume of water 
at an adequate rate over an adequate period 
of time, without reducing other individuals’ 
reasonable use of the resource. Groundwater 
resources in many parts of Ohio are marginal 
in their ability to supply sufficient water, and 
surface supplies may be either inaccessible or 
of low use quality. The availability of more than 
sufficient water should be assured before invest-
ing in irrigation.

 2. Continuing Need—An idle irrigation device is 
an extremely expensive insurance policy. Most 
parts of Ohio are as likely to experience overly 
wet as overly dry growing seasons. Only farm-
ers with a predictable and consistent history of 
water shortage normally recoup the investment 
in irrigation. Historically, traditional irrigation 
has been consistently profitable only for high- 
value crops.

 3. Efficiency of Operation—Irrigation is prob-
ably better suited to the farmer with a few large 
(rather than many small) fields. Most currently 
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used systems are best adapted to larger fields 
with regular borders. The cost of providing 
water at multiple sites and the time and effort 
involved in moving a system must be evaluated.

 4. Compatibility With Other Objectives—Some 
farmers may be able to justify irrigation as a wa-
ter-management practice in certain fields if they 
are also using irrigation equipment to dispose 
of liquid manure. The main considerations are 
providing an adequate water source and ease of 
operation.

Soil Conservation
Soil erosion is a major concern in Ohio and through-
out the world. Erosion reduces field productivity and 
contributes significantly to water-quality problems. 
The most common form of erosion is sheet or interrill 
erosion, which removes a thin, almost invisible layer of 
topsoil from the field. Recent advances in crop produc-
tion, such as improved varieties, improved cultural 
practices, and increased use of fertilizers, have masked 
the decline in inherent soil productivity resulting from 
sheet erosion. Muddy streams, gullying, and the con-
tinued growth of clay knobs in some fields, however, 
are evidence of Ohio’s significant erosion problems.

Most Ohio fields can tolerate erosion at rates of three 
to five tons of soil per acre per year because new soil is 
constantly being formed from underlying parent mate-
rial. Many fields, however, are eroding at much higher 
rates. The rate of erosion is affected by many factors, 
including rainfall characteristics, tillage and cropping 
practices,physical characteristics of soil, and slope 
(both length and angle). Such factors affect both water 
and wind erosion (particularly important in north-
western Ohio).

Even if erosion rates are below tolerable limits, it is 
often desirable to reduce erosion further. On the lake-
plain soils of northwestern Ohio, for example, erosion 
rates are normally far below those considered hazard-
ous to productivity. However, a large portion of the 
soil eroded in this region finds its way into streams 
and causes sediment-related problems. This sediment 
may also carry large quantities of plant-available 
phosphorus that can accelerate eutrophication, caus-
ing algal blooms, odor and taste problems, hypoxia, 
and other deteriorations of water quality. In such cases, 
erosion control measures are needed to maintain clean 
water as well as to preserve the soil resource.

Controlling soil erosion should be a high priority in 
any crop production system. Different situations re-
quire different approaches. The best method or combi-

nation of methods should be chosen in each case. Fur-
ther information and technical assistance is available 
from Ohio State University Extension (http://ohioline.
osu.edu/ ), the Natural Resources Conservation Ser-
vice (http://www.nrcs.usda.gov ), and the Ohio De-
partment of Natural Resources and affiliated local Soil 
and Water Conservation Districts (http://www.dnr.
state.oh.us/soilandwater/ ). 

Conservation Practices
Contour cropping reduces erosion and is most effec-
tive on deep, permeable soils and on gentler slopes 
(2% to 6%) that are less than 300 feet long. The effec-
tiveness of contouring diminishes greatly on steeper or 
longer slopes because runoff water frequently breaks 
over rows. Contouring can reduce erosion losses up to 
50% compared with up-and-down-hill tillage on slopes 
of from 2% to 6%. On steeper slopes (18% to 24%), con-
tour cropping without supplementary practices reduc-
es erosion losses by only about 10%. Grass waterways 
are usually necessary to carry the runoff water safely 
from the contour rows.

Strip-cropping, the practice of alternating contour 
strips of sod and row crops, is even more effective than 
contouring alone, often reducing erosion to one-fourth 
of that resulting from up-and-down-hill tillage. Strip 
widths and sequencing should be governed by slope 
angle and length.

Terraces are channels and ridges built across slopes to 
intercept and divert runoff water, shortening the ef-
fective length of a slope. Terraces are generally more 
effective than either contouring or strip-cropping and 
are designed especially for longer slopes. Most terraces 
in Ohio are designed with gradual slopes to lead water 
safely into grass waterways or other suitable outlets. 
The number and spacing of terraces depend on the soil 
type, slope, and cropping practices. Terraces should 
by designed by qualified soil conservation technicians. 
New, improved designs allow easier farming with 
modern machinery and reduce the number of point 
rows.

Grass waterways are natural or constructed outlets 
or waterways protected by grass cover. They serve as 
safe outlets for runoff water from contour rows, ter-
races, and diversions. Natural drainage areas are good 
sites for waterways and often require a minimum of 
shaping to produce a good channel. They should be 
designed to be wide and flat to accommodate farm 
machinery and be able to carry the runoff safely from 
the watershed above.
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Conservation Tillage and No-Till
Adopting a conservation-tillage-based production 
system requires careful forethought. These systems 
require more careful management than conventional, 
plow-based systems, and much of this extra manage-
ment takes place in the office rather than in the field. 
Over time, extra management becomes second nature, 
and many farmers have reported increasing yields as 
they have switched to conservation tillage, not neces-
sarily as a direct result of the new system itself, but 
simply as a result of better overall management. When 
planning and implementing a major change in tillage 
system, these factors should be considered: 

Basics of Conservation Tillage
Conservation tillage systems leave at least 30% of 
the soil surface covered with a plant-residue mulch 
(remains of the previous crop or a cover crop) after 
planting. This is achieved using tillage tools that do 
not invert the soil (chisel plows, disks, field cultiva-
tors, etc.), but rather shatter or mix it shallowly. Often, 
a field can be prepared for planting with only one pass 
of a tillage tool. Many producers adopt conservation 
tillage because it saves time and fuel, while reducing 
labor requirements; however, the mulch left on the soil 
surface also provides significant erosion control. 

Drainage
Because the residue cover associated with no-till re-
duces evaporation of soil water, eliminating one ave-
nue for removal of excess moisture, drainage improve-
ments may be needed on many soils to obtain the best 
yields in a conservation tillage system. Yields under 
conservation tillage often are more adversely affected 
by poor drainage than those under conventional till-
age. A combination of tile and surface drainage is ideal 
on soils requiring drainage; however, any drainage 
improvements are usually beneficial.

Soils
Soil characteristics greatly influence the crop yields 
obtained using no-till and other forms of conservation 
tillage. While it may be possible for a few producers 
to produce a crop (and even make money) using these 
systems on any field, maximum returns are normally 
achieved by matching the proper tillage systems to the 
soil at hand. In general, as soil drainage becomes bet-
ter, tillage can be reduced further.

Well-drained soils, such as Wooster, Fox, Miamian-
Celina, or Morley-Glynwood, often become moisture 
deficient as the growing season progresses. The mulch 
provided by no-tillage planting normally conserves 
some water and maintains infiltration on these soils 
by reducing crusting. As a result, the yield potentials 
of such soils are usually higher under no-till than un-
der moldboard plowing. Intermediate tillage, such as 
chisel plowing, usually produces yields intermediate 
between moldboard plowing and no-till.

Somewhat poorly drained soils, such as Blount, 
Crosby, and Fincastle, can be no-tilled with careful 
management. These soils produce the best yields un-
der no-till if they are systematically drained and crops 
are rotated. If drainage is not provided, chisel-plow-
ing may provide the best yields under conservation 
tillage. If adequate drainage and residue are present, 
yields produced with conservation tillage should be 
equal, on the average, to those obtained by plowing, 
though different systems may produce the highest 
yields in different years. These soils crust severely, and 
in some cases, use of a carefully managed cover crop 
may be necessary when planting into soybean stubble 
to ensure adequate surface protection and infiltration. 
This latter point is most important during the first few 
years of no-till on such soils.

Poorly drained soils that respond to subsurface drain-
age improvements, such as Kokomo, Pewamo, and 
Hoytville, may be adapted to no-till production. Im-
proved drainage and crop rotation are essential to 
producing top yields. If drainage and rotation are not 
used, yields under no-till may be much lower than had 
the field been plowed. No-tillage soybeans may be suc-
cessful if drainage and rotation recommendations are 
followed and precautions for preventing Phytophthora 
root rot are taken. Soils such as these are considered to 
be among the most productive in Ohio when plowed 
and will produce very high yields under conservation 
tillage as well, if managed properly.

Wet, poorly drained soils, such as undrained Hoytville, 
or soils that do not normally respond well to tile, such 
as Clermont, Mahoning, and Paulding, are not normal-
ly recommended for no-tillage because surface residue 
often creates severe moisture excesses. Ridge planting 
may offer a more attractive alternative on such soils 
because the elevated ridge dries more quickly in the 
spring and may allow for significantly earlier plant-
ing, which can raise yield potentials. Crop rotation is 
a must on these soils to avoid low yields, regardless of 
tillage system used.
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Compaction Considerations
No-tillage and ridge-planting systems should not be 
used in fields with zones of significant soil compaction. 
While repeated use of no-tillage in a cash-grain rota-
tion may alleviate a compaction problem eventually, 
a producer may go broke waiting for the effect, which 
can take several years. Compaction should be eliminat-
ed before initiating no-till. Following a controlled traf-
fic pattern can prevent future compaction problems.

Cover Crops
A well-managed cover crop is beneficial in certain no-
tillage situations. The purpose of the cover crop is to 
provide extra residue where little residue is present 
after harvest. The extra residue improves erosion con-
trol and also reduces soil crusting.

A cover crop should always be planted after a corn 
silage harvest on soils prone to erosion and crusting, 
particularly if no-till planting is anticipated the next 
year. The use of a cover crop after corn harvest for 
grain is of questionable value and is not normally rec-
ommended because the corn stover usually provides 
enough residue for erosion and crust control. Cover 
crops may be needed following a soybean harvest if 
residue levels are not high enough to provide adequate 
erosion or crusting control, though the benefit of this 
practice may vary from field to field and should be 
evaluated on an individual basis. The need for a cover 
crop for crusting control should decline after several 
cycles of a corn-soybean rotation because organic mat-
ter builds at the soil surface and tends to reduce crust-
ing. Cover crops are not usually necessary on non-
crusting soils.

Fall-seeded small grains make good cover crops. In 
Ohio, rye is the most popular. Rye should be killed 
when it is no more than 20 inches tall in the spring, 
unless one plans to harvest the cover crop for straw 
or feed prior to planting soybeans. Any time corn is 
planted into a grass cover of any kind, the field should 
be watched carefully for armyworm activity in May 
and June. Fall-seeded oats (that die over the winter) 
are often used as an alternative when only a light resi-
due addition is wanted.

Planting
Planting is a critical operation in conservation tillage. 
Planter operation should be checked and corrected 
frequently. Not all planters plant under all conditions 
when adjusted by the book, and experience is often a 
better guide.

Evaluate soil and residue conditions carefully before 
planting. Soil should be slightly moist and crumble 
when squeezed. Planting into too-dry soil may cause 
penetration problems, too shallow planting, and fail-
ure of the seed slot to close. Planting into too-wet soil 
may result in poor seed-soil contact or seed furrows 
that reopen upon drying. All of these factors may re-
duce plant stands. Generally, farmers should delay no-
till planting until late morning to allow residues moist-
ened by dew to dry. Wet residues may be jammed 
into the seed slot, causing poor seed-soil contact and 
germination.

Seeding depth is important. In recent years, too shal-
low planting has produced poor root system develop-
ment. Plant corn 1½ to two inches deep and soybeans 
¾ to one inch deep. Running the coulter ½ to ¾ inch 
deeper than the desired seeding depth and then mak-
ing appropriate adjustments of the seeding mechanism 
should aid in accomplishing these objectives.

Where to place rows is a continuing question. In gen-
eral, new rows should be planted where material from 
old rows, particularly row stumps, will not interface 
with depth control. Row middles are subject to com-
paction by repeated wheel traffic, and planting into 
them should be avoided if stand establishment or crop 
development has been a problem in the past.

Fertilization
Fertilization practices for no-tillage or ridge planting 
are often similar to those recommended for conven-
tional tillage. In particular, soil testing and plant tissue 
analysis should guide nutrient management. Some 
management recommendations for specific nutrients 
are given here.

Phosphorus—With corn, row placement of phospho-
rus (P) generally increases yields at lower soil-test 
levels. At adequate soil-test levels, and in almost all 
cases with soybeans, broadcasting is an acceptable 
production practice from a yield standpoint; however, 
row placement of phosphorus is encouraged, even in 
maintenance programs, as a water-quality-manage-
ment practice. 

Potassium—Crop response to row placement of potas-
sium (K) has been more inconsistent than for phos-
phorus. Farmers using a row fertilizer program can 
include some potassium; however, in nearly all cases, 
broadcasting is an acceptable practice. Farmers are 
encouraged to pay close attention to K management in 
no-till and ridge planting, because K deficiency occurs 
more frequently in these systems than in plow-based 
ones.
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Nitrogen—Nitrogen (N) management for no-tillage or 
ridge-planted corn can be a critical part of the produc-
tion program. Surface broadcasting of large quanti-
ties of urea and UAN solutions should be avoided 
to prevent the possibility of significant nitrogen loss. 
Detailed nitrogen management is discussed in Exten-
sion Bulletin E-2567, Tri-State Fertilizer Recommendations 
for Corn, Soybeans, Wheat, and Alfalfa. Go to: http://
ohioline.osu.edu/e2567/index.html .

Lime—It is important to maintain surface pH levels no 
lower than pH 6.0. This can be accomplished by fre-
quently adding small amounts of lime to the soil sur-
face. The lime should be applied in the fall and disked 
in lightly, if possible, to ensure quicker reaction. 

Soil Testing
Because some nutrients and acidity tend to accumulate 
at the surface of the soil in no-till fields, the methods 
used to sample are important. Two separate samples 
are recommended: 

 1. Zero to four inches for soil pH and lime require-
ments. Generally, other analyses at this depth 
are not needed.

 2. Zero to eight inches for all nutrient require-
ments. This sample should include the entire 
zero- to eight-inch depth, and the probe should 
penetrate as closely to eight inches as possible. 
Avoid fertilizer bands.

Weed Control
Specific recommendations for specific crops are given 
in Weed Control Guide for Ohio Field Crops, Extension 
Bulletin 789 (http://ohioline.osu.edu/b789/index.
html ). Weed control may be the most critical phase of 
any no-tillage program. Many farmers notice a shift in 
weed species as they progress into no-till, most likely 
an increase in annual grasses and perennial broad-
leaves. Farmers should watch their fields carefully and 
modify their herbicide programs as shifts occur.

Most no-tillage and ridge-planting systems require a 
material that burns down existing vegetation at plant-
ing, except for early planted corn where no green veg-
etation is present. A fairly wide choice of burn-down 
materials is available; choice is usually dictated by time 
of year, stage of weed and crop growth, and weed spe-
cies present. Careful selection and use of burn-down 
materials help avoid costly clean-up treatments later in 
the season.

Farmers just beginning in ridge planting should use 
a complete no-tillage program for weed control. Over 

time, many have found that their cultivation practice 
allows them to modify herbicide programs and reduce 
rates considerably. The ability to do this is dependent 
on weed pressure and response of soil to cultivation 
(whether it crumbles or slabs). Farmers attempting to 
reduce herbicide rates in ridge systems should do so 
only on the basis of their own experience, not on the 
advice of others.

Considerations for Crop Production 
on Mine Soils
Corn production for grain or silage is possible on 
land reclaimed to modern standards after being sur-
face-mined for coal in eastern and southeastern Ohio. 
Corn grain yields from Ohio mine-soil field trials have 
ranged from 18 to 143 bushels per acre. These studies 
were conducted over time at 13 different sites in five 
counties. The mean, 74 bushels per acre, was 62% of 
production from nearby unmined soils, and 80% of 
county average yields. Silage production is also slight-
ly lower compared to production on natural soil. A 
significant factor implicated in the lower yields is that 
rooting tends to be shallower and more restricted on 
mine soil than on unmined soil, magnifying adverse 
effects of any moisture stress that might occur. 

Keys to successful corn production on reclaimed land 
include selection of an acceptable mine soil; split-ap-
plication of the nitrogen to improve N-use efficiency; 
no-tillage planting into forage sod or stalk cover to 
conserve soil moisture; and rotation of corn with for-
ages and application of manure, where available, to 
improve physical properties of soil. Given the sensitiv-
ity of the crop to moisture stress, success with corn on 
mine soils also depends greatly on the amount and 
distribution of precipitation. 

Fairpoint, Farmerstown, and Morristown mine soils 
have proven to be most adaptable to corn production. 
In contrast, Bethesda is not recommended for corn. 
For corn, one should select only those sites where the 
mixed topsoil-upper subsoil placed over the spoil is of 
silt-loam or silty-clay loam texture, avoiding surface 
layers with high clay content because they often pro-
duce poor stands.

Split application of nitrogen (one-half at planting and 
the remainder sidedressed four to five weeks later) 
can double the efficiency of nitrogen fertilizer on mine 
soils. An opportunity for increased denitrification on 
mine soils (due to early season wetness) means that 
application of all N at planting time often promotes 
severe N losses. Fertilizing and liming according to 
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soil-test results provides corn with adequate phos-
phorus, potassium, calcium, and magnesium. No 
micronutrient problems have been identified for corn 
production on mine soils.

Both conventional plow tillage and no-tillage planting 
have been successfully used on mine soils. No-tillage is 
preferable because retention of previous crop residue 
is valuable for conserving soil moisture on mine soils, 
which tend to be droughty after drying in the spring. 
Also, no-tillage decreases the number of rocks brought 
to the surface. A forage-sod mulch and no-till planting 
usually provide the best soil and water environment 
for corn.

Rotating corn with forages on mine soils is encouraged 
because soil structure rapidly improves under forage 
cover. Severe compaction sometimes occurs when the 
spoil or topsoil material is moved when too wet during 
the reclamation process. Compaction restricts depth 
of rooting, and chisel ripping may not alleviate the 
problem. Severely compacted areas are best kept in 
continuous forage production.

Forages should be grown at least two seasons before 
beginning corn production. Heavy repeated applica-
tions of manure and/or municipal biosolids increase 
soil fertility and can enhance the structure of mine 
soils.

Very early planting is not recommended for mine soils 
because of their restricted internal drainage. Seedling 
emergence may be delayed in wetter, cooler mine soils, 
similar to corn response on natural soils with poor 
internal drainage. When planting on mine soils, farm-
ers should select high-yielding adapted hybrids with 
strong emergence when grown on poor to moderately 
well-drained natural soils. Other desirable hybrid 
characteristics include good stalk strength and flexible 
ear size and number. Other aspects of corn production 
in mine soils should follow current Extension recom-
mendations for natural soils.

Seasonal precipitation can affect soybean yields signifi-
cantly on both the light-colored, natural soils and mine 
soils in eastern Ohio. Farmers might expect soybean 
yields on mine soils to be about 65% of those obtained 
on natural ones. With careful planting, plant densities 
should be similar to those obtainable on unmined sites. 
Narrow-row planting is recommended.

Farmerstown, Fairpoint, and Morristown mine soils 
have proved to be more satisfactory for soybeans 
than the more acidic Bethesda mine soil. No consis-
tent nutrient problems have been associated with the 
production of soybeans on properly managed mine 
soils. Mine soils will likely lack sufficient populations 
of Rhizobia bacteria, so seed inoculation will usually 
be necessary to ensure nodule formation and nitrogen 
fixation on soybean (and other legume) roots.
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Chapter 3
Soil Fertility
By Dr. Robert Mullen, Dr. Ed Lentz, and Dr. Maurice Watson

Elements Essential for Plant Growth
Higher plants require 16 nutrient elements to complete 
their life cycle (Table 3-1). Of these, 13 are extracted 
from the soil and can be found in organic or inorganic 
fertilizers. The 13 essential nutrients are thought of as 
three distinct groups—primary macronutrients, sec-
ondary macronutrients, and micronutrients. Primary 
macronutrients are the elements needed in the largest 
quantity; these are nitrogen (N), phosphorus (P), and 
potassium (K). Secondary macronutrients are needed 
in lower concentrations and are calcium (Ca), magne-
sium (Mg), and sulfur (S). Micronutrients are needed 
in even lower concentrations and include iron (Fe), 
manganese (Mn), boron (B), chlorine (Cl), zinc (Zn), 
copper (Cu), and molybdenum (Mo). 

The carbon (C), hydrogen (H), and oxygen (O) utilized 
by a plant come from carbon dioxide and water. Little 
can be done to control the availability of these three 

except through drainage, irrigation, and modification 
of the physical condition of the soil. On a dry-matter 
basis, C, H, and O make up more than 94% of the plant 
biomass. This means the remaining 6% of the biomass 
is made up of the other 13 nutrients. Even though their 
amounts seem small, deficiency of only one essential 
element can limit the growth potential of a plant.

Removal of the primary and secondary macronutrients 
(N, P, K, Ca, Mg, and S) by various crops is reported 
in Table 3-2. The values listed in the table indicate 
average nutrient removal and represent only those 
nutrients found in the harvested portion of the crop. 
The values reported are not the quantities of nutrients 
needed to generate the crop yields shown. Keep in 
mind crop nutrient content can vary widely under 
different growing conditions, and soil nutrient avail-
ability is determined by various fixation and release 
mechanisms.

Table 3-1: Essential Elements Required by Plants, Their Chemical Symbol, the Form Taken Up by the Plant, and Their 
Concentrations in the Plant.

Element Chemical Symbol Form Taken Up Concentration
Carbon C CO2

Hydrogen H H2O
Oxygen O H2O

Primary Macronutrients

Nitrogen N NH4+, NO3- 1 to 5%
Phosphorus P H2PO4-, HPO4

2- 0.1 to 0.4%
Potassium K K+ 1 to 2%

Secondary Macronutrients
Calcium Ca Ca2+ 0.5%
Magnesium Mg Mg2+ 0.2%
Sulfur S SO4

2- 0.15 to 0.2%

Micronutrients
Iron Fe Fe2+, Fe3+ 50 to 200 ppm
Manganese Mn Mn2+ 20 ppm
Boron B H3BO3 10 to 50 ppm
Chlorine Cl Cl- 100 ppm
Zinc Zn Zn2+ 20 to 50 ppm
Copper Cu Cu2+ 20 ppm
Molybdenum Mo MoO4

2- 0.1 to 0.2 ppm
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Table 3-2: Approximate Amounts of Primary 
Macronutrients Removed by Various Crops.
Crop (Removal Units) N P2O5 K2O
Alfalfa (lb/ton) 57* 13 50
Corn (lb/bu)
     Grain 0.9 0.4 0.3
     Stover 0.7 0.2 1.1
Corn-silage (lb/ton) 9.4 3.2 8.0
Cool-season grasses (lb/ton) 40 13 50
Oats (lb/bu)
    Grain 0.7 0.3 0.2
    Straw 0.4 0.2 1.0
Sorghum-grain (lb/bu)
    Grain 0.8 0.2 0.2
    Stover 0.6 0.4 1.7
Soybean (lb/bu) 3.8* 0.8 1.4
Sugarbeets (lb/ton) 4 2 5
Wheat (lb/bu)
     Grain 1.3 0.6 0.4
     Straw 0.4 0.1 0.7
*  Inoculated legumes fix nitrogen from the air.

Fixation and release mechanisms that control soil nu-
trient availability are strongly influenced by soil pH. 
Figure 3-1 shows the relative availability of 12 essential 
nutrients at different pH levels for mineral soils. Figure 
3-2 shows the relative availability of the same elements 
at different pH levels for organic soils. Chlorine is 
not reported because it is usually present in sufficient 
amounts.

Figure 3-1. Relative availability of elements  
essential to plant growth at different pH levels for 
mineral soils.

Figure 3-2. Relative availability of elements  
essential to plant growth at different pH levels for 
organic soils.

Primary Macronutrients

Nitrogen (N)
Most nitrogen (N) contained in soil is in the organic 
form. One percent organic matter represents approxi-
mately 1,000 lbs nitrogen per acre in the top six inches 
of soil. Despite the abundance of nitrogen in organic 
matter, this form is unavailable to the crop. Organic 
nitrogen must be mineralized (converted into ammo-
nium) by soil microbes to become plant available. The 
rate of mineralization is controlled by soil pH, mois-
ture, temperature, and aeration and is highly variable. 
Crops grown on organic soils (greater than 20% organ-
ic matter) typically require less fertilizer nitrogen than 
crops grown on mineral soils due to mineralization of 
organic nitrogen. Ammonium present in a warm, well-
aerated soil is quickly converted (one to two weeks) to 
nitrate. Soil nitrate is highly mobile and is susceptible 
to both denitrification (finer soils) and leaching (coars-
er soils) losses.

Fertilizer nitrogen sources can be classified into three 
categories—inorganic, synthetic organic, and natural 
organic. There is little difference between sources of 
nitrogen when properly applied at equivalent rates. 
Typical fertilizer nitrogen sources and their analysis 
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are presented in Table 3-3. To assure maximum agro-
nomic and economic production, nitrogen should be 
managed such that losses are minimized. Best manage-
ment practices that decrease the potential for nitrogen 
loss should be selected—such as subsurface injection 
or dribble banding of liquid nitrogen rather than 
broadcast application, incorporation of surface-applied 
urea (conventional till) or application coinciding with a 
rainfall event (no-till), and spring application of nitro-
gen for summer crops rather than late fall application. 

Table 3-3: Analysis and Classes of Some Nitrogen (N) 
Fertilizer Materials.

Nitrogen Fertilizer Formula Form Percent Nitrogen

Inorganic
Ammonium nitrate NH4NO3 Solid 34

Ammonium sulfate (NH4)2SO4 Solid 21

Anhydrous ammonia NH3 Gas1 82

Aqua ammonia NH4OH Liquid 20

Nitrogen solutions Varies Liquid 20 to 32

Synthetic
Urea CO(NH2)2 Solid 46

Natural organic
Animal manure Solid 1 to 20

Sewage Sludge Solid 5 to 10
1  Liquid under pressure.

If nitrogen is to be applied in the fall for a spring crop, 
anhydrous ammonia should be selected and should 
only be applied if the soil temperature is below 50°F 
(other sources of nitrogen for fall application are not 
promoted). There is a risk, however, that warm, wet 
conditions may prevail in the spring that can lead to 
significant losses of nitrogen, requiring later additions 
of nitrogen to maximize production. Spring-applied 
nitrogen should be applied as close to planting as pos-
sible but be aware that application of anhydrous am-
monia followed closely by planting can result in de-
creased germination. Allow some time to pass between 
anhydrous application and planting. Application of 
nitrogen at sidedress is typically the most efficient 
method.

Urea applied in no-till production systems should co-
incide with an expected rainfall event. Volatilization 
losses of urea fertilizers without adequate incorpora-
tion (by tillage or rainfall) can be significant. Liquid 
nitrogen formulations should preferably be injected 
below the soil surface or dribbled in a band to mini-
mize volatilization losses. Rates of application should 
be based on realistic yield goals determined from his-
torical production levels. Specific rates of application 
are available in the Tri-State Fertilizer Recommendations 
for Corn, Soybeans, Wheat, and Alfalfa.

Phosphorus (P – P2O5)
Ohio soils can contain between 500 to 1,500 pounds 
of total phosphorus (P) per acre, most of which is un-
available to the crop. The level of available phosphorus 
is quite variable across the state, and field levels of 
phosphorus can be determined by soil test. Historical 
management and soil pH (of mineral soils) determine 
how much phosphorus is plant available. Phosphorus 
is taken up by the plant in two primary forms—H2PO4

- 
and HPO4

2-. As soils become more acidic, H2PO4
- is the 

primary species taken up, but excessive soil acidity can 
result in phosphorus deficiency as aluminum and iron 
concentrations increase, “fixing” phosphorus. Con-
versely, as soils become more basic or alkaline, HPO4

2- 
is the primary species taken up, but high pH can result 
in phosphorus deficiency as calcium phosphate pre-
cipitates. Plants take up both phosphorus forms indis-
criminately, so there is no specific pH level that results 
in maximum phosphorus availability. In general, soil 
pH should be maintained between 6.0 to 7.5 to maxi-
mize plant available phosphorus. 

Phosphorus fractions of typical phosphorus fertilizers 
are water soluble, citrate soluble, citrate insoluble, 
and total. Citrate soluble phosphorus is referred to 
as “available” phosphorus, and the portion of citrate 
soluble phosphorus that dissolves in water is water-
soluble phosphorus. Phosphorus content of phospho-
rus fertilizers is expressed as percent citrate soluble 
phosphorus as P2O5. Most commercial fertilizers con-
tain 50% or greater water-soluble phosphorus and are 
suitable for row application. Typical phosphorus fertil-
izers and their analysis are presented in Table 3-4.
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Table 3-4: Analysis of Phosphate (P2O5) and Potassium (K2O) Fertilizers.

Fertilizer Material Formula Total Available Water Soluble

Approximate %

N P2O5 K2O

Phosphorus Carriers
Concentrated 
superphosphates

Ca(H2PO4)2 0 47 45 85 0

Monoammonium phosphate NH4H2PO4 11 49 48 92 0

Diammonium phosphate (NH4)2HPO4 18 47 46 90 0

Ammonium polyphosphate [NH4PO3]n 10 34 34 100 0

Potassium Sources
Potash KCl 0 0 0 0 62

Potassium Nitrate KNO3 13 0 0 0 44

Potassium sulfate K2SO4 0 0 0 0 50

Potassium magnesium sulfate K2SO4•2 MgSO4 0 0 0 0 21

Despite the fact that plants take up the ortho form of 
phosphorus, poly-based forms of phosphorus are just 
as effective at satisfying plant needs. Poly forms of 
phosphorus added to the soil are actually converted to 
ortho forms relatively quickly. 

Potassium (K – K2O)
Ohio soils contain between 10,000 to 20,000 ppm potas-
sium. Despite this high amount, only a small portion 
is actually plant available. Exchangeable (adsorbed to 
soil CEC—Cation Exchange Capacity) and solution 
potassium make up the plant-available portion. Potas-
sium availability is dependent upon soil mineralogy 
and rainfall. Soils that develop from minerals high in 
potassium (feldspars and micas) have naturally high 
potassium fertility levels. Soils that developed under 
high rainfall conditions can be quite deficient in potas-
sium because it has been leached out of the soil.

Muriate of potash is the primary source of potassium 
fertilizer used commercially. It is readily soluble and 
contains over 62% potassium (Table 3-4). 

Secondary Macronutrients

Calcium (Ca)
Calcium is one of the most abundant nutrient ele-
ments found in the soil and is rarely deficient in Ohio. 
Calcium availability is strongly tied to soil pH, and 
soils that are maintained at adequate pH (>5.5) levels 
should have adequate calcium. If calcium is deficient, 
addition of lime to increase soil pH will remedy the 
problem. The ultimate source of calcium is lime (cal-
citic or dolomitic—both contain relatively high calcium 
amounts). Sources of calcium and their analysis are 
shown in Table 3-5. 
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Table 3-5: Analysis of Some Ca, Mg, and S Fertilizers1

Average Percent

Material N P K Ca Mg S
Ammonium nitrate limestone 21 7 4 23

Magnesium sulfate (Epsom salt) 10 13

Calcium sulfate (gypsum) 22 17

Sul-po-mag 22 11 23

Superphosphate

     Normal 18-20 20 12-14

     Concentrated 30-50 13 1

Ammonium sulfate 21 24

Potassium sulfate 48-51 17-18

Elemental sulfur 50-99

Ammonium phosphate 11 48 2

Ammonium phosphate (sulfate) 16 20 15

Manganese sulfate 14-17

Sulfuric acid 33
1  Liming materials also contain varying levels of Ca and Mg.

Magnesium (Mg)
Magnesium deficiencies, while rare, can occur, primar-
ily in the eastern half of the state. Like Ca, magnesium 
availability is strongly tied to soil pH. Soils with neu-
tral or basic pH should have adequate magnesium. 
If soil magnesium and pH are low, use of dolomitic 
lime to neutralize soil acidity will remedy the prob-
lem. If magnesium is low and the pH is near neutral, 
application of one-half to one ton of 12% magnesium 
(dolomitic) lime will provide enough magnesium for 
maximum plant production. This will not result in 
over-liming of medium- or fine-textured soils. 

Some propose an optimum calcium to magnesium 
ratio to provide proper nutrition for growing plants. 
There is, however, no economic benefit to this meth-
odology. Depending upon soil mineralogy and soil 
pH, applying enough calcium or magnesium to reach 
an ideal ratio can be extremely expensive. Several re-
search projects across the Corn Belt, including work in 
Ohio, have revealed that maximum production levels 
can be attained at several different Ca:Mg ratios.

Sulfur (S)
Sulfur deficiencies are rare but can be found in forage 
production systems, especially on sandier soils low in 
organic matter. Much like nitrogen, the primary form 
of sulfur in the soil is found in the organic fraction, and 
the form taken up by higher plants is highly mobile. 
For every 1% of organic matter, there are approxi-

mately 140 lbs of sulfur, which like nitrogen, must be 
mineralized to be plant available. Sulfur is deposited 
in large quantities from rainfall primarily due to indus-
trial activities. As emission standards decrease sulfur 
release from industrial processes, S fertilization may 
become more important. Fertilizer sulfur is available 
from many different sources which are reported in 
Table 3-5.

Micronutrients
Micronutrient levels across the state are adequate 
for maximum plant production, and deficiencies are 
rare. Specific field environments and soil conditions 
increase the potential of finding a micronutrient de-
ficiency (Table 3-6). If a micronutrient is found to be 
deficient, remember that over-application of most 
micronutrients can result in toxicity. Plant tissue 
analysis is the best way to determine if a plant has a 
micronutrient deficiency.

Molybdenum (Mo) and boron (B) can reach toxic levels 
even when applied in small quantities. Recommenda-
tions should be followed closely when either of these 
elements is being applied. Boron should not be applied 
in the row for corn or soybean. Manganese (Mn) toxici-
ty occurs on many soils in eastern Ohio when pH nears 
6.0. Alfalfa and soybeans are especially sensitive to ex-
cess manganese. Foliar-applied manganese in excess of 
recommended amounts, or in small quantities of water, 
may burn leaves of wheat, oats, and sugarbeets.
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Micronutrient deficiencies are strongly influenced by 
soil pH. Soils that are acidic (<6.5) should have ad-
equate levels of most of the micronutrient metals (Fe, 
Mn, Zn, B, Cu). Molybdenum behaves just the oppo-
site of the other micronutrients; its availability increas-
es as soil pH increases.

Table 3-6: Crop and Soil Conditions Where 
Micronutrient Deficiencies May Occur.

Micronutrient Soils Crops

Boron (B) Sandy, or highly 
weathered  
low-organic-matter-
content soils

Alfalfa, clover

Copper (Cu) Acidic peats or 
mucks with pH <5.3 
and black sands

Wheat, oats, corn

Manganese (Mn) Alkaline soils, 
peats, or mucks of 
northwestern Ohio

Soybeans, wheat, 
oats, sugar beets, 
corn

Molybdenum (Mo) Soils with pH less 
than 5.5

Alfalfa, clover, 
soybeans

Zinc (Zn) Low organic 
matter content, 
soils with high pH 
and high available 
phosphorus, mucks, 
or some peats

Corn, soybeans

Animal Manure
Animal manure is a good source of plant nutrients 
and contains many of the elements essential for plant 
growth. It is especially important to farming opera-
tions that include livestock enterprises. It provides 
those operators the opportunity to utilize efficiently 
the waste produced. Soils should be tested prior to 
applying manure. Table 3-7 shows the average nutri-
ent content (N, P, K) of three different manure sources. 
Because the nutrient value of manure is closely related 
to the dietary regimen, which can result in vastly dif-
ferent nutrient levels, manure should be tested to de-
termine its nutrient value prior to land application. 

Several independent labs located in and around the 
state are able to analyze manure samples. To view a list 
of testing labs, go to: http://agcrops.osu.edu/fertility. 
Manure should be analyzed for total solids, total nitro-
gen, ammonium nitrogen, phosphorus, potassium, cal-
cium, and magnesium. Other nutrient analyses should 
be available upon request. To determine application 
rates and recommendations of rates based on soil-test 
nutrient levels and manure levels, see OSU Extension 

Bulletin 604, Ohio Livestock Manure And Wastewater 
Management Guide, available at county offices of OSU 
Extension and on the Internet at: http://ohioline.osu.
edu/b604/index.html .

Table 3-7: Average and Range of Nutrient 
Concentrations in Manures (Units Are Percent of Dry 
Matter).

Type of Manure N (%) P2O5 (%) K2O (%)

Dairy cattle 4.3 1.8 4.0

(2.2–14.3) (0.7–5.2) (1.2–14.8)

Swine (finishing) 14.0 4.3 5.3

(2.7–24.2) (1.4–6.8) (0.4–16.3)

Poultry (layers) 3.9 7.0 3.8

(2.3–5.6) (1.6–17.9) (1.6–6.7)

Calculating Fertilizer Rates
Once the analysis of a specific fertilizer material is 
known (typically displayed as a percent), rates of ap-
plication can be easily computed using this equation:

Pounds of fertilizer material needed = nutrient rate 
(lbs per acre) / percent analysis of material

For example, if the soil test calls for 150 lbs of Mg and 
a dolomitic liming material is used that is 12% Mg, the 
rate of lime required is 1,250 lbs per acre (150/0.12). 
This calculation works for all fertilizer materials.

Lime and Liming Materials
Proper use of both lime and fertilizer is necessary for 
high crop yields. To optimize production, soil acidity 
should be corrected prior to fertilizer application. 

Liming benefits soil in the following ways:
• Supplies calcium and magnesium.
• Increases soil pH and the availability of phospho-

rus, molybdenum, and magnesium.
• Reduces harmful concentrations of aluminum, 

manganese, and iron.
• Increases favorable microbial activity, which re-

sults in an increased release of organically bound 
nitrogen, phosphorus, sulfur, and other nutrients.

Determination of Lime Requirement
Soil pH measures the active soil acidity or alkalinity. 
The lime requirement is determined using the buffer 
pH, or the lime test index, which measures potential 
soil acidity. Finer-textured soils that have relatively 
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high CEC (Cation Exchange Capacity) have the abil-
ity to buffer changes in soil pH by releasing adsorbed 
hydrogen; thus, more lime is required to affect soil 
pH. Coarser-textured soils have lower CEC values 
and have a diminished ability to provide hydrogen to 
replace that which is neutralized by liming; thus, less 
lime is required. The lower the buffer pH is below 6.8, 
the greater the lime requirement. Table 3-8 shows the 
relationship between the buffer pH and lime require-
ment to various pH levels. For organic soils, pH is 
used to determine lime requirement.

Table 3-8:  Tons of Aglime (Effective Neutralizing Power 
(ENP) of 2,000 Lbs/Ton) Needed to Raise the Soil pH 
to the Desired pH Level Based on the Shoemaker-
McLean-Pratt (SMP) Buffer pH and an Incorporation 
Depth of 8”

Desired pH levels

Buffer pH* Mineral Soils Organic Soils

6.8 6.5 6.0 Soil pH 5.3
tons agricultural  
limestone/acre

tons/acre

6.8 0.9 0.8 0.7 5.2 0.0

6.7 1.6 1.4 1.1 5.1 0.5

6.6 2.2 2.0 1.6 5.0 0.8

6.5 2.9 2.5 2.0 4.9 1.3

6.4 3.6 3.1 2.5 4.8 1.7

6.3 4.2 3.6 3.0 4.7 2.1

6.2 4.9 4.2 3.4 4.6 2.5

6.1 5.6 4.7 3.9 4.5 2.9

6.0 6.2 5.3 4.4 4.4 3.3

5.9 6.9 5.9 4.7

5.8 7.6 6.4 5.2

5.7 8.3 7.0 5.7

5.6 8.9 7.5 6.1

5.5 9.8 8.1 6.6

5.4 10.3 8.7 7.1

5.3 11.0 9.2 7.5

5.2 11.6 9.8 8.0

5.1 12.4 10.4 8.5

5.0 13.0 11.0 8.9

4.9 13.7 11.6 9.4

4.8 14.4 12.1 9.8

*  Lime test index (LTI), which may be reported in place of buffer 
pH, is buffer pH times 10.

Liming Materials
Agricultural liming materials used for correcting soil 
acidity include all calcium and magnesium oxides, 
hydroxides, carbonates, silicates, or combinations sold 
for agricultural purposes. Commonly found liming 
materials are presented in Table 3-9.

Table 3-9: Total Neutralizing Power (TNP), Fineness, 
Moisture, and Effective Neutralizing Power (ENP) of 
Various Liming Materials That Can Be Found in Ohio.

 
 
 
 
Grade

Fineness
% Passing 
Mesh Size

TNP  
(%)

 
60

 
20

 
8

Moisture 
(%)

ENP  
(lbs/ton)

Aglime 
superfine

100 100 100 100 0 2000

Dolomitic 
hydrated aglime

140 100 99 76 0 2520

Calcitic aglime 99 99 60 37 4 1168

Dolomitic 
aglime

105 97 95 90 4 1953

Waste water 
lime

102 100 100 100 74 530

Liming materials are labeled based on their effective 
neutralizing power (ENP). The ENP of a liming mate-
rial considers the material equivalence, purity, fineness 
of grind, and percent moisture. Particle size of liming 
materials impacts their effectiveness at neutralizing 
soil acidity and their speed of reaction. Ag liming 
materials typically contain particles of differing sizes 
which results in longer-term acid neutralization. Small-
er particles react quicker while larger particles dissolve 
slowly, affecting soil pH over a longer period. This is 
why liming is typically not necessary every year. When 
comparing liming materials and their associated cost, 
ENP provides a good way to identify the most eco-
nomical source.

Lime Recommendations
Lime recommendations presented in Table 3-8 are in 
tons of material/acre and assume a liming material 
with an ENP of 2000.

Recommendations should be adjusted if:
• Another grade of liming material is to be used.
• Depth of plowing is different from that indicated 

(eight inches).
• A different crop is planted.
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Adjustments for the Type of Liming Material
Although the activity of liming materials in the soil is 
the same, liming materials do differ. Liming materials 
differ in their purity, fineness, and moisture, which 
affect the rates of application necessary to alter soil pH. 
Fortunately, the ENP, required by the Ohio Depart-
ment of Agriculture for all liming materials, considers 
all factors that allow direct comparison of liming ma-
terials. 

The example given here assumes a three-ton-per-acre 
lime requirement (from Table 3-8). If a liming material 
that has an ENP of 2,000 lbs/ton is used, simply ap-
ply three tons of that material per acre. Assume that a 
liming material that has an ENP of 1,500 lbs per ton is 
chosen. To compute the new recommendation, divide 
the lime requirement by the quotient of the ENP di-
vided by 2,000:

3.0 tons per acre / (1,500 lbs/ton / 2,000) =  4 tons per 
acre 

If a liming material with an ENP of 1,500 lbs/ton is 
used to meet a lime requirement of three tons per acre, 
4.0 tons of the liming material should be applied per 
acre. 

Adjust for the Depth of Tillage
If plowing depth is different from eight inches, the 
lime requirement must be adjusted. To adjust the lime 
requirement, simply use a multiplier to change the 
lime requirement. Multipliers for differing depths of 
tillage are presented in Table 3-10. For example, as-
sume that the lime requirement is four tons per acre, 
but the depth of tillage is only six inches. Multiply four 
tons per acre by 0.75 (multiplier from Table 3-10): 

 4 tons per acre * 0.75 = 3.0 tons per acre

It only requires three tons of lime per acre to achieve 
the desired change in soil pH to a depth of six inches.

Table 3-10: Adjustments in Liming Rate for Depth  
of Tillage.

Tillage Depth (inches) Multiplying Factor
3 0.38
6 0.75
7 0.88

Base 8 1.00
9 1.13

10 1.25
11 1.38
12 1.5

No-Till Adjustments
Lime adjustments for no-till cultural practices are also 
based on tillage depth. Two soil samples are recom-
mended for no-till row crop cultural practices—shal-
low sample (zero- to four-inch depth) and deep sample 
(zero- to eight-inch depth). The shallow sample should 
be submitted to determine the lime requirement. If 
lime is  required to neutralize surface acidity, decrease 
the lime requirement from Table 3-8 by half. The deep 
lime requirement remains the same. When lime is ap-
plied to the surface, it should be lightly incorporated. 
If the slope of the field is steep enough to cause ero-
sion, do not incorporate at all. When lime is not incor-
porated, do not use urea fertilizer for a year after lime 
application. Ammonium nitrate, anhydrous ammonia, 
or banded 28% solution are suitable N materials for 
this case.

Other Adjustments in Lime Recommendations
A minimum lime requirement of two tons per acre is 
recommended for forage legumes if the soil pH is 6.2 
or less, even if the buffer pH is higher than 6.8 and 
lime would typically not be recommended. 

Sandy soils are so weakly buffered that despite the soil 
pH being below optimal ranges, the buffer pH value is 
greater than 6.8. A one ton per acre lime requirement 
should be used if soil pH is 0.3 pH units below the 
desired soil pH. A two ton per acre lime requirement 
should be used if soil pH is 0.6 pH units below the 
desired soil pH. 

Why Re-liming Is Necessary
Periodic liming is necessary because basic cations (Ca, 
Mg, and K) are removed by crops and can be lost by 
leaching and erosion. Ammoniacal forms of nitrogen 
fertilizers also contribute to soil acidity. Coarser-tex-
tured soils require more frequent applications of lime 
than finer-textured soils.

Acidic Subsoils
Most of the soils in eastern Ohio and the light-colored 
soils of western Ohio have acidic subsoils. If there is 
any question about the pH of the subsoil, the subsoil 
should be sampled and tested separately.

When lime applications are necessary to correct sub-
soil acidity, the lime requirement to increase pH to 6.8 
should be used. The pH level in the topsoil should be 
6.8 or above to promote downward movement of the 
lime. Only where the surface pH is maintained near 6.5 
will the subsoil pH increase. Because this downward 
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movement takes several years, the sooner the lime is 
applied, the better.

Lime recommendations of more than four tons per acre 
should be applied as a split application to achieve a 
more thorough mixing of the lime with the soil. Half 
the lime should be applied prior to tillage and half be-
fore subsequent tillage. For best results, lime should be 
applied at least six months before seeding. This allows 
the lime time to neutralize soil acidity. When a main-
tenance application is recommended, it can be applied 
any time in the cropping sequence.

Organic Soils (Muck and/or Peat)
Organic soils usually do not benefit from liming un-
less the pH of the soil in the root zone is below 5.3. If 
the pH of the surface is near 5.3, but the subsurface pH 
is 4.0 or below, it may be necessary to lime and deep 
plow. A favorable pH to a minimum depth of two feet 
should be maintained to accommodate root penetra-
tion. In general, lime does not move downward further 
than plow depth in an organic soil. The pH of organic 
soils should be determined on samples taken to depths 
of 24 inches.

High Organic Matter Soils
Usually the most desirable pH range for organic soil 
is 5.3 to 5.8. When the organic matter content of soils 
is between 10% and 20%, the pH should be shifted as 
indicated in Table 3-11.

Table 3-11: The Desired pH for High-Organic-Matter 
Mineral Soils.

Percentage of Organic Matter Desired pH
10 6.0

15 5.8

20 or higher 5.3 to 5.8

Diagnostic Methods

Soil Testing
Soil testing provides information about the nutrient 
level of the soil and the amounts of lime and fertilizer 
necessary to maximize production. Several testing 
labs are available in and around Ohio (to see a list of 
testing labs, visit: http://www.ag.ohio-state.edu:8000/
%7Ecorn/library/testlabs.pdf ). Typical soil analysis 
includes:

• Soil pH and buffer pH
• Available phosphorus
• Exchangeable potassium
• Cation Exchange Capacity (CEC)
• Exchangeable calcium
• Exchangeable magnesium

Additional soil analysis can include:
• Organic matter
• Nitrate-nitrogen
• Soluble salts
• Total heavy metals
• Available manganese, zinc, and boron

Most soil testing labs report soil nutrient levels in parts 
per million (ppm). The Tri-State Fertilizer Recommenda-
tions for Corn, Soybean, Wheat, and Alfalfa uses both ppm 
and pounds per acre (lb per acre) to identify critical 
nutrient concentrations. Make certain that similar units 
are being compared. To convert from ppm to lb per 
acre, simply multiply ppm by 2.

Soil Sampling
When sampling a field, randomly collect 20 to 25 soil 
cores to a depth of eight inches. Thoroughly mix the 
samples together to form a composite and submit a 
sample of the composite to a testing lab in an approved 
container. Soil samples should be collected either in the 
fall after harvest or in the spring. Soil samples should 
be collected about the same time each year to avoid 
extreme changes in soil-test information. If lime appli-
cation is necessary, samples should be collected in the 
fall. Soil samples should not be taken during the grow-
ing season (with the exception of the pre-sidedress soil 
nitrate test). Soil samples should be collected every 
two to three years depending upon soil conditions. 
Coarser-textured soils should be tested more frequent-
ly than finer-textured soils.

For most crops and soils, optimum soil test values 
should be within the ranges indicated in Table 3-12.
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Table 3-12: Optimum Soil Test Values for Most Crops in 
Ohio.

Soil pH Lime Test Index
6.3 to 7.0 and/or 68-70 for mineral soils

5.3 to 5.8 and/or 68-70 for organic soils

Soil Nutrients Soil Test Value

Available P 15-40 ppm (30-80 lb per acre)

Exchangeable K 100-200 ppm (200-400 lb per acre)

Exchangeable Ca 200-8,000 ppm (400-16,000 lb per acre)

Exchangeable Mg 50-1,000 ppm* (100-2,000 lb per acre)

Available Mn 10-20 ppm (20-40 lb per acre)

Available B 0.25 ppm plus (0.5 lb per acre plus)

Available Zn 1.5 ppm plus (3 lb per acre plus)

*  These limits vary widely depending upon Cation Exchange 
Capacity, calcium to magnesium ratio, and percent base 
saturation.

Soil pH and Buffer pH
Soil pH measures the active acidity/alkalinity of the 
soil solution. Buffer pH (may be reported as LTI-lime 
test index, which is buffer pH multiplied by 10) pro-
vides a measure of the active and potential soil acidity, 
and determines the lime requirement. Coarser-tex-
tured soils typically have higher buffer pH values than 
finer-textured soils. As buffer pH decreases, the lime 
requirement increases.

Available Phosphorus
As mentioned earlier, Ohio soils typically contain sev-
eral hundred pounds of phosphorus per acre. A great 
majority of this soil phosphorus is not plant available. 
To determine the amount of phosphorus that is and 
will become plant available, an acidic solution is mixed 
with the soil that dissolves aluminum phosphate 
precipitates. Available phosphorus of acid soils in the 
North Central Region is measured using the Bray-
Kurtz-P-1 procedure.

Exchangeable Potassium
Much like soil phosphorus, soil potassium (K) is pres-
ent in large quantities. Only a small fraction of this 
total amount is plant available. Unlike phosphorus, 
potassium is not precipitated with other ions in the 
soil solution, but is adsorbed on the CEC of the soil 
or trapped between soil mineral layers. To measure 
exchangeable potassium, a solution containing a high 
concentration of another cation is added to the soil 

(usually ammonium acetate). The ammonium from the 
solution knocks potassium off the CEC and other ex-
change sites. The amount knocked off is measured and 
used to identify how much will become plant available 
over the growing season. 

Cation Exchange Capacity
Cation Exchange Capacity (CEC) measures the capac-
ity of a soil to adsorb cations, including hydrogen 
(H+), calcium (Ca2+), magnesium (Mg2+), and potas-
sium (K+). Other cations including aluminum (Al3+) 
and iron (Fe3+) are also adsorbed, but in slightly acidic 
to neutral soil, their amounts are small enough to be 
ignored. In slightly acidic to neutral soils, calcium and 
magnesium take up approximately 80% of the CEC, 
while potassium only occupies less than 5%. In acidic 
soils, aluminum and hydrogen can begin to occupy a 
larger percentage of the CEC. 

To determine the CEC of a soil, use this equation:
CEC = ppm Ca/200 + ppm Mg/121 + ppm K/390 + 
1.2 * (70 – [buffer pH * 10])

The CEC of a soil depends largely on the soil texture 
and the amount of organic matter present. The larger 
the CEC value, the more cations the soil is capable of 
adsorbing, which decreases leaching. Attempts to in-
crease the CEC of a soil by adding clay or organic mat-
ter are impractical due to the amounts that would be 
necessary to affect a change. Liming acidic soils only 
affects the CEC slightly.

The normal range in CEC for different soil textures is 
as follows:
 Soil Textures Common CEC Range  
  (meq/100 g soil)
 Coarse (sands) 1 to 5
 Medium (silts) 6 to 20
 Fine (clays) 21 to 30
 Organic soils 30 plus

Percent base saturation of the soil CEC usually falls 
within the following ranges:
 Element Range in Percent  
  Saturation*
 Calcium 40 to 80
 Magnesium 10 to 40
 Potassium 1 to 5

*Assuming the pH value is in the recommended range.
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Calcium to Magnesium Ratio
The calcium to magnesium ratio is based on their 
percent saturation of the CEC. If the ratio of calcium 
to magnesium is 1:1 or less (less calcium than magne-
sium) and the soil calls for application of lime, calcitic 
(low magnesium, high calcium) lime should be ap-
plied. Most plants grow well across a wide range of 
calcium to magnesium ratios. 

Magnesium to Potassium Ratio
To avoid potential grass tetany problems, the magne-
sium to potassium ratio should stay above 2 to 1. In 
other words, the percent magnesium saturation of the 
CEC should be twice that of the percent potassium 
saturation. As more potassium is taken up, less mag-
nesium is absorbed, resulting in a nutrient imbalance 
in the forage. This imbalance can be transferred to the 
grazing animal in the form of grass tetany.

Soluble Salts
The soluble salts test indicates the concentration of all 
fertilizer and non-fertilizer salts in the soil. Excessive 
salt levels, known as saline soil conditions, can be toxic 
to plants, especially germinating or young plants. Sa-
line soil impairs the ability of the plant to extract soil 
water, leading to a drought-like symptom. Obviously, 
the drier the soil gets, the more apparent the problem 
is. Saline spots in the field are typically characterized 
by good tilth and excessive moisture retention. Severe 
brine solution spills cause excessive soluble salt con-
centrations. To reduce the salt concentration, the soil 
should be well drained and leached with high-quality 
water. Natural rainfall gradually reduces the soluble 
salt level in most well-drained Ohio soils. Table 3-13 
provides a guide for interpreting soluble salt levels.

Table 3-13: Soil and Plant Conditions for Various Soluble 
Salt Concentrations.

Soil and Plant Condition Soluble Salt Concentration 
(mmhos/cm)

Unfertilized, leached field 
soils

0.15

Well-fertilized soil for 
optimum plant growth

1-2

Growth of salt-sensitive 
crops affected

Greater than 2

Severe injury to plants Greater than 3

Values in table should be reduced by one-half for prolonged 
droughty conditions. Toxicity of a single salt is greater than an 
equivalent amount of a mixture of salts.

Plant Analysis
Plant analysis is not a substitute for soil testing, but 
rather supplements soil testing by determining wheth-
er nutrient deficiencies are occurring. Plant analysis 
can be used to diagnose suspected nutrient deficiencies 
or detect nutrient deficiencies before plant growth is 
limited. Plant analysis also contributes to more eco-
nomical and efficient use of fertilizer materials, avoid-
ing excessive or inadequate application rates.

Used in conjunction with other data and observations, 
a plant analysis report aids in evaluating the nutrient 
elements in the soil-plant system. It also provides a 
way to evaluate the effectiveness of fertilizers added 
to the soil. Plant analysis can also help determine re-
sponse to fertilizer treatment by answering the ques-
tion: Was the nutrient element supplied by the fertil-
izer sufficiently absorbed by the plant? Plant analysis 
is especially useful for determining whether the soil is 
adequately supplying required micronutrients.

Plant Sampling
Each crop has its own sampling methodology and 
sampling techniques for the major agronomic crops 
as shown in Table 3-14. When sampling young plants 
(seedlings), collect the above-ground portion of 10 to 
20 plants. Plant samples can be analyzed for all major 
nutrients (this does impact the cost of analysis). The 
desired concentration of a nutrient should occur within 
the sufficiency range for that nutrient. Table 3-15 lists 
the typical sufficiency ranges of nutrients for corn, soy-
bean, alfalfa, and small grains. Nutrient concentrations 
slightly lower than shown indicate a marginal condi-
tion, which may adversely affect plant growth. The 
limits for these ranges vary depending on crop, plant 
part, and state of growth when sampled. These values 
relate specifically to a particular plant part sampled at 
a specific stage of growth. These values were selected 
after careful review of current literature and from the 
analytical results obtained from numerous samples 
collected from experiments conducted in Ohio.

When sampling plants in an obviously stressed area, 
it may be beneficial to submit a check tissue sample 
which is from an adjacent area that is stress free. This 
helps further determine if a nutrient deficiency ex-
ists. The relative concentration of elements also helps 
determine sufficiency or deficiency and should be 
considered when interpreting plant analysis. For ex-
ample, the ratio of potassium to magnesium, zinc to 
phosphorus, and manganese to iron assists in diagnos-
ing suspected magnesium, iron, manganese, and zinc 
deficiencies. 
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Table 3-14: Plant Sampling from Older Plants (Prior to Pollination) of Corn, Sorghum, Soybeans, Small Grains, and 
Alfalfa.

Crop Sample Prior To or During Plant Part Number of Plants to Sample

Corn Tasseling Upper fully developed leaf 10

Corn Initial silk Ear leaf 10

Grain sorghum Intial bloom Upper fully developed leaf 10

Soybeans Initial flowering Upper fully developed leaf 15

Small grains or forage grasses Initial bloom Upper leaves 20

Alfalfa or forage legumes Initial flowering Top 6 inches 20

Table 3-15: Marginal and Sufficient Nutrient Concentrations for Various Crops.

Nutrient Element

Corn 
Ear Leaf Sampled  

at Initial Silk During 
Initial Flowering

Soybean 
Upper Fully Developed 
Leaf Sampled During 

Initial Flowering

Alfalfa 
Top 6” Sampled During 

Initial Flowering

Small Grains 
Upper Leaves Sampled 
During Initial Flowering 

Midseason

Marginal Sufficient Marginal Sufficient Marginal Sufficient Marginal Sufficient

Percent
Nitrogen (N) 2.44–2.89 2.90–3.50 3.99–4.24 4.25–5.50 2.99–3.75 3.76–5.50 2.75–3.24 2.59–4.00

Phosphorus (P) 0.17–0.29 0.30–0.50 0.15–0.29 0.30–0.50 0.20–0.25 0.26–0.70 0.18–0.24 0.21–0.50

Potassium (K) 1.24–1.90 1.91–2.50 1.24–2.00 2.01–2.50 1.74–2.00 2.01–3.50 1.50–1.99 1.51–3.00

Calcium (Ca) 0.09–0.20 0.21–1.00 0.19–0.35 0.36–2.00 0.50–1.75 1.76–3.00 0.18–0.24 0.21–1.0

Magnesium (Mg) 0.09–0.15 0.16–0.60 0.09–0.25 0.26–1.00 0.19–0.30 0.31–1.00 0.11–0.14 0.15–0.60

Sulfur (S) 0.09–0.15 0.16–5.0 0.15–0.20 0.21–0.40 0.20–0.30 0.31–0.50 0.15–0.2 0.21–0.40

ppm
Manganese (Mn) 14–19 20–150 14–20 21–100 19–30 31–100 15–19 16–200

Iron (Fe) 9–20 21–250 29–50 51–350 19–30 31–250 7–10 11–300

Boron (B) 1–3 4–25 9–20 21–55 19–30 31–80 2–5 6–40

Copper (Cu) 2–5 6–20 4–9 10–30 2–10 11–30 3–5 6–50

Zinc (Zn) 10–19 20–70 10–20 21–50 10–20 21–70 9–20 21–70

Molybdenum (Mo) — — 0.4–0.9 1.0–5.0 0.4–0.9 1.0–5.0 — —

Interpretation of Recommendations
For specific fertilizer recommendations for corn, 
soybeans, wheat, and alfalfa, see Extension Bulletin 
E-2567, Tri-State Fertilizer Recommendations for Corn, 
Soybean, Wheat, and Alfalfa, available at county OSU 
Extension offices or on the Internet at: http://ohioline.
osu.edu/e2567/ .
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Chapter 4
Corn Production
By Dr. Peter Thomison, Dr. Pat Lipps, Dr. Ron Hammond, Dr. Robert Mullen, and Bruce Eisley

Successful corn production requires an understanding 
of the various management practices and environmen-
tal conditions affecting crop performance. Planting 
date, seeding rates, hybrid selection, tillage, fertiliza-
tion, and pest control all influence corn yield. A crop’s 
response to a given cultural practice is often influenced 
by one or more other practices. The keys to developing 
a successful production system are to recognize and 
understand the types of interactions that occur among 
production factors, as well as various yield limiting 
factors, and to develop management systems that maxi-
mize the beneficial aspect of each interaction. Knowl-
edge of corn growth and development is also essential 
to use cultural practices more efficiently to obtain high-
er yields and profits.

How Climate Affects Corn Production

Temperature
Corn can survive brief exposures to adverse tempera-
tures—low-end adverse temperatures being around 
32°F and high-end temperatures being around 112°F. 
Growth decreases once temperatures dip to 41°F or 
exceed 95°F. Optimal temperatures for growth vary 
between day and night, as well as over the entire grow-
ing season. For example, optimal daytime temperatures 
range between 77°F and 91°F, and optimal nighttime 
temperatures range between 62°F and 74°F. The opti-
mal average temperatures for the entire crop growing 
season, however, range between 68°F and 73°F.

Even though corn seeds germinate and grow slowly 
at about 50°F, the first spring planting dates usually 
begin when the average air temperatures reach 55°F, 
and soil temperature at seed depth is more favorable 
for seedling growth. Poor germination resulting from 
below-normal temperatures is the greatest hazard of 
planting too early. The growing point of germinating 
seedlings remains below or near the soil surface and 
usually is not vulnerable to freeze damage until plants 
reach the five- to six-leaf collar stage. By this time, corn 
is about 10-inches tall, and the probability of freezing 
temperatures greatly decreases. The loss of leaves from 
frost generally does not seriously injure small plants, 
although such loss may delay plant development. 

Temperatures less than 40°F reduce photosynthesis, 
even if the only symptom is a slight loss of leaf color. 

Frost injury symptoms may appear on leaves even 
when nighttime temperatures do not fall below the 
mid 30s; radiational cooling can lower leaf tempera-
tures to several degrees below air temperatures on a 
clear calm night. If frost kills leaves but not stalks be-
fore physiological maturity (black layer formation) in 
the fall, sugars usually continue to move from the stalk 
into the ear. However, yields are generally lower, and 
harvest moisture may be high because of high grain 
moisture at the time of frost and slow drying rates fol-
lowing premature death. 

High temperature stress during ear formation, repro-
duction, and grainfill can reduce yield, but tempera-
tures less than 100°F usually do not cause much injury 
if soil moisture is adequate. Under rain-fed conditions, 
corn usually begins to stress when air temperatures 
exceed 90°F during the tasseling-silking (pollination) 
and grainfill stages. Corn yield may be reduced 1.5 
bushels per acre for each day the temperature reaches 
95°F or higher during pollination and grainfill. Extend-
ed periods of hot, dry winds may cause tassel blasting 
and loss of pollen. Pollen shed usually occurs during 
cooler morning hours, however, and conditions severe 
enough to cause this problem are unusual in Ohio.

Precipitation
A corn crop in Ohio typically uses 20 to 22 inches of 
water during the growing season. Water requirements 
of corn vary according to the stage of development, as 
shown in Table 4-1. Corn reaches its peak water use 
during pollination, when plants are silking.

Table 4-1: Water Use Rates for Corn at Different Growth 
Stages.

Growth Stage Water Use Rate, Inches/Day 

Prior to 12-leaf stage < 0.20

12-leaf 0.24

Early tassel 0.28

Silking 0.30

Blister kernel 0.26

Milk 0.24

Dent 0.20

Full dent 0.18
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Excessive rainfall, resulting in flooding and ponding 
of soils, may cause serious injury to a corn crop de-
pending on its stage of development. The major stress 
caused by flooding and ponding is a lack of oxygen 
needed for the proper function of the root system. 
When plants are very small (prior to the six-leaf col-
lar stage), they generally are killed after about five or 
six days of submersion. Death occurs more quickly 
(within two to four days) if the weather is hot, because 
warm temperatures speed up the biochemical process-
es that use oxygen, and warm water has less dissolved 
oxygen. Cool weather, on the other hand, may allow 
plants to live for more than a week under flooded con-
ditions. 

As soon as plants reach the six- to eight-leaf collar 
stage and the plant’s growing point is above the soil 
surface, plants can tolerate a week or more of standing 
water—not necessarily without harm. In older plants, 
total submersion may increase disease incidence, and 
plants will suffer from reduced root growth and func-
tion for some days after the water recedes. Tolerance 
of flooding generally increases with plant age, but 
reduced root function resulting from a lack of oxygen 
is probably more detrimental to yield before and dur-
ing pollination than during rapid vegetative growth or 
grainfill.

Nutrient uptake is also reduced in soils saturated by 
excessive rainfall. Not only does poor aeration inhibit 
effective root development and function, but the an-
aerobic conditions associated with saturated soils pro-
mote denitrification. Frequent rainfall can also cause 
nitrate leaching.

For crop moisture to be adequate, available soil 
moisture must be more than sufficient to meet the 
atmospheric evaporative demand. On windy, hot, 
sunny days with low humidity, evaporation demand 
on a crop is high, and a high amount of available soil 
moisture must be present if the crop is to avoid stress. 
Under cloudy skies, high humidity, and cooler tem-
peratures, atmospheric evaporative demand is low, 
and plants can get by with lower amounts of available 
soil moisture.

The soil must provide a corn crop with enough water 
to offset the amounts lost through transpiration. If 
these needs are not met, the plant will wilt. Table 4-2 
shows the effect of drought on corn grain yield from 
four consecutive days of visible wilting. Through the 
late vegetative stage (the end of June in normal years), 
corn is fairly tolerant of dry soils. Mild drought during 
June may even be beneficial because roots generally 
grow downward strongly as surface soils dry, and the 
crop benefits from the greater amount of sunlight that 

accompanies dry weather. From the two weeks before 
through the two weeks following pollination, corn is 
very sensitive to drought, however, and dry soils dur-
ing this period may cause serious yield losses. Most 
of these losses result from pollination failure, and the 
most common cause is the failure of silks to emerge 
from the end of the ear. When this happens, the silks 
do not receive pollen; thus, the kernels are not fertil-
ized and will not develop. Drought later in grainfill 
has a less serious effect on yield, though root function 
may decrease and kernels may abort or not fill com-
pletely.

Table 4-2: Effects of Drought on Corn Yield During 
Several Stages of Growth.*

Stage of Development Percent Yield Reduction

Early vegetative 5 to 10

Tassel emergence 10 to 25

Silk emergence, pollen shedding 40 to 50

Blister 30 to 40

Dough 20 to 30

* After four consecutive days of visible leaf wilting.
Source: Claassen, M. M., and R. H. Shaw. 1970. Water deficit 
effects on corn. II. Grain components. Agron. J. 62:652-655.

Drought stress often leads to plant nutrient stress. The 
shallow depths where fertilizer is placed are dry under 
drought situations, which may limit nutrient uptake.

Corn Growth and Development
Corn growers who understand how the corn plant 
responds to various cultural practices and environ-
mental conditions at different stages of development 
are able to use management practices more efficiently 
and, thus, obtain higher yields and profits. Knowledge 
of growth and development may also help in trouble-
shooting problems related to abnormal growth caused 
by pest problems or inappropriate cultural practices.

Table 4-3 describes two of the most widely used stag-
ing systems for corn development. Extension agrono-
mists use the Leaf Collar Method throughout the 
United States; crop insurance adjusters, however, use 
the Horizontal Leaf Method to assess hail and other 
weather-related plant damage. Table 4-4 shows a time-
line relating corn growth and development to normal 
heat unit accumulation and calendar dates during the 
growing season.
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Table 4-3: Growth Staging Systems for Corn.
Leaf Collar Method
Start with first oval-shaped leaf as V1. Field defined as being at a given stage when at least 50% of plants show leaf collars.

Field Corn Developmental Stages, Based on the Leaf Collar Method:

Vegetative Stages Reproductive Stages

VE Emergence R1 Silking

V1 First leaf collar R2 Blister

V2 Second leaf collar R3 Milk

V3 Third leaf collar R4 Dough

V(n) nth-node collar R5 Dent

VT Tasseling R6 Physiological maturity

Horizontal Leaf Method
Growth staging system used by hail adjusters for hail damage assessment (Table 9-5).
1. Identify uppermost leaf that is 40% to 50% exposed and whose tip is below the horizontal.
2. Typically, a “horizontal leaf” growth stage will be 1 to 2 leaf stages greater than the collar method.

Table 4-4: A Timeline for Corn Growth and Development.
Growth 
Stage*

Approx. 
GDDs**

Cum. 
GDDs

Calendar 
Date Comments

Planting May 1 
VE Emergence 100 100 May 10 Nodal root system initiated.

V3 3 leaves 180 280 May 24 Growing point below soil.

V6 6 leaves 180 460 Jun 4 Growing point above soil.

V9 9 leaves 180 640 Jun 14 Rapid growth phase begins; number of kernel rows established V6-V12.

V12 12 leaves 180 820 Jun 23 Kernel number per row and ear size being determined now through V17.

V15 15 leaves 180 1,000 Jun 30

V18 18 leaves 180 1,180 Jul 8 Moisture stress now can cause silk delay.

V19 19 leaves 60 1,240 Jul 11

VT Tassel 60 1,300 Jul 13 Last tassel branch visible.

Range  
of Days†

No.  
of Days‡

R1 Silking 60 1,360 Jul 15 2-3 

R2 Blister 300 1,660 Jul 27 10-14 

R3 Milk 200 1,860 Aug 5 18-22 

R4 Dough 140 2,000 Aug 11 24-28 

R5 Dent 300 2,300 Aug 25 35-42 

½ Milkline 220 2,520 Sep 5 45-53 

R6 Black Layer 200 2,720 Sep 17 55-65 

*    Based on leaf collar method as defined by Ritchie et al. (1986), How a Corn Plant Develops, Special Report No. 48, Iowa State 
University.

** Approximate Growing Degree Days (GDDs) between growth stages.
†  Range of days elapsed since silking, as defined by Ritchie et al. (1997).
‡  Approximate number of days between growth stages.
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Table 4-5 lists estimated yield loss resulting from vary-
ing amounts of leaf area destruction for several stages 
of development. Although this table was developed 
to determine yield losses resulting from hail damage, 
it can also be used to help assess losses resulting from 
other defoliation injuries (such as wind, insect feed-
ing, herbicide damage, and foliar N “burn”). The most 
common damage from hail is loss of leaf area, although 
stalk breakage and bruising of the stalk and ear may 
also be severe. Note that the largest yield losses result 
from defoliation damage that occurs during the late 
vegetative stages and the reproductive stages (silking 
and tasseling). Defoliation at early growth stages does 
not affect yield the same way as it does at later growth 
stages because much of the plant’s total leaf area is not 
yet exposed. Extensive defoliation of plants in the 10-
leaf growth stage (or V8, eight leaf collar stage) does 
not result in a large yield loss because only 25% of the 
leaf area is exposed, and the plant can easily recover 
from early damage. On the other hand, severe damage 
to plants during tasseling results in a large yield loss 
because, by that time, 100% of the leaf area has been 
exposed and cannot be replaced.

Table 4-5: Effect of Corn Leaf Area Loss at Various 
Growth Stages.*

Percent Leaf Area Destroyed

Growth Stage** 10 20 40 60 80 100

Percent Yield Loss
7 leaf 0 0 0 4 6 9

10 leaf 0 0 4 8 11 16

13 leaf 0 1 6 13 22 34

16 leaf 1 3 11 23 40 61

Tasseled 3 7 21 42 68 100

Late milk 1 3 10 21 35 50

Dent 0 0 3 10 17 24

*    Adapted from Corn Loss Instructions, NCIS Publication No. 
6102, Rev. 1984.

**  Based on horizontal leaf method for staging plant growth 
(two-leaf stages greater than leaf collar method).

Early killing frost in the fall may damage immature 
corn and reduce yield. The effect of frost damage to 
corn depends on the severity of defoliation, stalk dam-
age, and stage of growth (see Chapter 1, Figure 1-3, 
for average fall frost dates). Tables 4-6 and 4-7 provide 
yield loss and kernel moisture estimates resulting from 
premature plant death (defoliation) during grainfill.

Table 4-6: Yield Loss in Corn as a Result of Plant 
Defoliation at Three Kernel Development Stages.

Kernel Development Stage Percent Grain Yield  
Reduction

Soft dough 34–36 

Full dent 22–31

Late dent 4–8

Source: Afuakwa, J. J., and R. K. Crookston. 1984. Using the 
kernel milkline to visually monitor grain maturity in maize. Crop 
Science 24: 687-691.

Table 4-7: Whole Plant and Kernel Moisture of Corn at 
Four Kernel Development Stages.

Kernel Development 
Stage 

Kernel Whole Plant

 Percent Moisture 
Soft dough 62 >75

Full dent 55 70

Late dent 40 61

Physiological maturity 
(Black Layer*)

32 53

*   Black Layer—indicates end of kernel growth and maximum 
kernel dry weight (physiological maturity).

Hybrid Selection
Selecting a group of hybrids for planting is a key step 
in designing a successful corn production system. To 
stay competitive, growers must introduce new hybrids 
to their acreage on a regular basis. During the past 
40 years, the genetics of corn hybrids has improved 
steadily, which has contributed to steady increases in 
grain yield potential ranging from 0.7% to 2.6% per 
year.

Growers should choose hybrids best suited to their 
farm operations. Corn acreage, soil type, tillage prac-
tices, desired harvest moisture, and pest problems 
determine the need for such traits as drydown rate, 
disease resistance, early plant vigor, plant height, and 
more. End uses of corn should also be considered. Will 
the corn be used for grain or silage? Will it be sold 
directly to the elevator as shelled grain or used on the 
farm? Capacity to harvest, dry, and store grain should 
also be considered. The most important factors for hy-
brid selection in Ohio are maturity, yield potential and 
stability, stalk quality, and disease resistance.
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Maturity
Growers should choose hybrids with maturity ranges 
appropriate for their geographic area or circumstances. 
Corn for grain should reach physiological maturity 
or “black layer” (maximum kernel dry weight) one to 
two weeks before the first killing frost in the fall. Use 
days-to-maturity and growing-degree-day (GDD) rat-
ings along with grain moisture data from performance 
trials to determine differences in hybrid maturity. 
Although yields of full-season hybrids usually exceed 
those of short-season hybrids, early- to mid-matur-
ing hybrids have been developed in recent years with 
yield potential approaching those of full-season types. 
Late- to full-season hybrids do not always mature or 
dry down adequately before frost, which results in 
wet grain. When confronted with delayed planting or 
replanting decisions, growers may need to switch to 
early- to medium-maturity hybrids adapted to their 
area, but they should avoid short-season hybrids that 
are earlier than those normally used in their area. For 
more information on selecting hybrids for late plant-
ing, see the section on Date of Planting.

Days-to-Maturity Rating System
The most common maturity rating system is the days-
to-maturity system. This system does not reflect actual 
calendar time between planting and maturity—106-
day hybrid, for example, does not actually mature 106 
days after planting. A days-to-maturity rating is based 
on relative differences within a group of hybrids for 
grain moisture at harvest. A one “day” maturity dif-
ference between two hybrids is typically equal to a 
one-half to three-fourths percentage point difference in 
grain moisture. For example, a 106-day hybrid would 
be, on average, 3 to 4.5 points drier than a fuller season 
112-day hybrid if they were planted the same day (6 
“days” multiplied by 0.5 or 0.75). 

The relationship between days to maturity and ker-
nel moisture is usually dependable when compar-
ing hybrid maturities within a single seed company. 
However, because there are no industry standards for 
the days-to-maturity rating system, grain moisture 
comparisons of similar hybrid maturities from differ-
ent seed companies may vary considerably. Days-to-
maturity ratings are satisfactory for pre-season hybrid 
maturity selection when length of the growing season 
is usually not an issue. For delayed planting or re-
planting hybrid selection needs, growers need more 
absolute descriptions of a hybrid’s growing season 
requirements to manage the risk of a killing fall frost to 
late-planted corn.

Growing-Degree-Day (GDD) Maturity Rating 
System
The growing-degree-day (GDD) maturity rating sys-
tem is based on heat units. It is more accurate in de-
termining hybrid maturity than the days-to-maturity 
system because growth of the corn plant is directly re-
lated to the accumulation of heat over time rather than 
the number of calendar days from planting. The GDD 
system has several advantages over the days-to-ma-
turity system. The GDD system provides information 
for choosing hybrids that will mature reliably, given a 
location and planting date; allows the grower to follow 
the progress of the crop through the growing season; 
and aids in planning harvest schedules.

The GDD calculation method most commonly used for 
corn in the United States is the 86/50 cutoff method. 
Growing degree days are calculated as the average 
daily temperature minus 50.

  Tmax + TminGDD = ____________ – 50
 2

If the maximum daily temperature (Tmax) is greater 
than 86°F, 86 is used to determine the daily average. 
Similarly, if the minimum daily temperature (Tmin) is 
less than 50°F, 50 is used to determine the daily aver-
age. The high cutoff temperature (86°F) is used be-
cause growth rates of corn do not increase above 86°F. 
Growth at the low temperature cutoff (50°F) is already 
near zero, so it does not continue to slow as tempera-
tures drop further. Growing degree days are calculated 
daily and summed over time to define thermal time for 
a given period of time. The cumulative GDDs associ-
ated with different vegetative and reproductive stages 
is shown in Table 4-4.

Each corn hybrid requires a certain number of accumu-
lated GDDs to reach maturity. Seed corn dealers have 
information on specific hybrids. Table 1-1 (see Chapter 
1) lists average GDD accumulation for several Ohio lo-
cations from several dates in May to the 10% frost date 
at the particular location (late September). To moni-
tor GDD accumulations during the growing season, 
the grower should follow the Weekly Crop and Weather 
Summary, a bulletin provided by the USDA-Ohio Agri-
cultural Statistics Service (Room 608 Federal Building, 
200 N. High Street, Columbus, Ohio 43215-2408). This 
information is also available online at: http://www.
nass.usda.gov/oh/.

As with any system, the GDD system has several 
shortcomings. Growing-degree-days ratings of hybrids 
with similar days-to-maturity ratings don’t always 
agree, especially if the hybrids are from different com-
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panies. Some seed companies start counting GDDs 
from the day of planting, while others begin from the 
day of emergence. When this occurs, similar maturity 
hybrids may vary by 100 to 150 GDDs—the average 
GDDs required for emergence. Some companies use 
entirely different mathematical methods to calculate 
GDDs. Although most companies use the “86/50 
cutoff method” described earlier, others use different 
methods to calculate GDDs. Also, under certain de-
layed planting situations and stress conditions, GDD 
requirements for maturity may be reduced signifi-
cantly.

Yield Potential and Stability
Choose hybrids that have produced consistently high 
yields across a number of locations and/or years. The 
Ohio Corn Performance Tests indicate that hybrids 
of similar maturity may vary in yield potential by as 
much as 40 bushels per acre or more. Choosing a hy-
brid because it possesses a particular trait, such as big 
ears, many kernel rows, deep kernels, prolificacy, or 
upright leaves, does not ensure high yields; instead, 
look for stability in performance across environments. 

The superior performance of corn hybrids has virtu-
ally eliminated the use of open-pollinated varieties. 
Recently, we compared two open-pollinated varieties 
with hybrids in the Ohio Corn Performance Test. The 
average yield for the open-pollinated varieties was 83 
bushels per acre and 29% lodged stalks. The average 
yield of the hybrids was 133 bushels per acre with 8% 
lodging—a 50-bushel or 60-percent yield advantage for 
hybrids over open-pollinated varieties.

Growers may want to consider planting herbicide-
resistant or -tolerant hybrids in soils where residual 
levels of certain herbicides may be too high for nor-
mal corn growth. Seed companies have used various 
genetic techniques to insert resistance or tolerance to 
imazethapyr plus imazapyr (Lightning), glufosinate 
ammonium (Liberty), and glyphosate (Roundup) 
into existing corn hybrids which are characterized as 
Clearfield (or imidazolinone-tolerant), Liberty Link, 
and Roundup Ready hybrids, respectively. Planting 
these tolerant/herbicide-resistant hybrids may allow 
growers to use herbicide formulations normally used 
on soybeans or other crops. These herbicide resistant/
tolerant hybrids offer new weed control options that 
involve fewer applications and use of more environ-
mentally benign chemicals.

Corn hybrids highly resistant to European corn borer 
injury and western corn rootworm also are available. 
These resistant hybrids contain a gene from bacteria 

that produces the insecticide known as Bt. Planting Bt 
corn hybrids may eliminate the need for soil insecti-
cide treatments (rootworm) and postemergent insecti-
cide applications (corn borer), which are less effective 
and potentially harmful to nontarget beneficial insects. 

Review the results of state, company, and county per-
formance trials before purchasing hybrids. Because 
weather conditions are unpredictable, the most reli-
able way to select superior hybrids is to consider per-
formance during the last year and the previous year 
over a wide range of locations and climatic conditions. 
When using University performance trials results, 
two years of data from several locations is usually ad-
equate; test summaries for three or more years may ex-
clude new hybrids with better performance potential.

On-farm strip tests are not reliable in hybrid selection 
because they cannot predict hybrid performance across 
a range of environmental conditions. However, on-
farm hybrid tests can be useful in evaluating various 
traits, such as lodging, drydown, harvestability (ease 
of shelling, ear retention, etc.), disease resistance, and 
staygreen.

Ohio State University Extension conducts corn per-
formance tests across Ohio. Test results are published 
each year in a bulletin entitled Ohio Corn Performance 
Test, Horticulture and Crop Science Series 215, and is 
also available online at: http://agcrops.osu.edu . 

Stalk Quality and Lodging
Hybrids with poor stalk quality should be avoided for 
grain production even if they show outstanding yield 
potential. This trait is particularly important in areas 
where stalk rots are perennial problems or where field 
drying is anticipated—conditions that often lead to 
lodging (stalk breakage below the ear following crop 
maturation). If growers have their own drying facilities 
and are prepared to harvest at relatively high moisture 
levels (above 25%) or are producing corn for silage, 
then standability and fast drydown rates are less criti-
cal selection criteria. 

Traits associated with improved hybrid standability 
include resistance to stalk rot and leaf blights, genetic 
stalk strength (a thick stalk rind), short plant height 
and ear placement, and high staygreen potential. Stay-
green refers to a hybrid’s potential to stay healthy late 
into the growing season, after reaching maturity, and 
should not be confused with late maturity. Resistance 
to European corn borer conferred by the Bt trait can 
also enhance stalk quality by limiting entry points 
in plant tissue through which fungal pathogens can 
invade the plant. However, the Bt trait will do little to 
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minimize stalk rot and lodging in a hybrid character-
ized by below-average stalk quality. 

Another stalk-related problem, green snap or brittle 
snap, has started to appear in recent years. Corn plants 
are more prone to snapping during the rapid elonga-
tion stage of growth. According to studies in Iowa, 
Minnesota, and Nebraska, the V5 to V8 stages (corn 
approximately 10 to 24 inches in height) and the V12 
stage through tasselling are the most vulnerable stages. 
Vulnerability to green snap damage does vary among 
hybrids. However, all hybrids are at risk from wind in-
jury when they are growing rapidly prior to tasseling. 
The use of growth regulator herbicides, such as 2,4-D 
or Banvel, has also been associated with stalk brittle-
ness, especially if late application or application during 
hot, humid conditions occurs. Once tassels begin shed-
ding pollen, green snap problems generally disappear.

Disease Resistance and Tolerance
Hybrids should be selected for resistance or tolerance 
to stalk rots, foliar diseases, and ear rots, particularly 
those that have occurred locally. Seed dealers should 
provide information on hybrid reactions to specific 
diseases in Ohio (Table 4-21).

Grain Quality 
The protein and oil composition of corn grain is a ma-
jor factor in determining grain feeding value. Although 
the grain market does not include this factor in price 
determination, growers who feed livestock may use 
this information to reduce feed costs and optimize 
diets. Because hybrid genetics significantly affect the 
protein and oil content of corn grain, there is interest 
in using compositional data in selection of hybrids to 
plant for feed use, as well as other end uses. For feed, 
protein content is of primary interest, whereas for 
processing uses, oil content is of interest. Corn grain is 
typically 8% protein and 3.6% oil (on a 15.5% moisture 
basis).

Table 4-8 shows averages and ranges for the grain pro-
tein and oil content of hybrids tested at different loca-
tions in Ohio from 2001 to 2003. The protein and oil 
content of grain is reported as protein and oil percent-
ages at 15.5% grain moisture. Although significant dif-
ferences among hybrids for oil and protein were found 
in each test, protein and oil levels varied considerably 
from test to test. Some normal dent corn hybrids pro-
duced primarily for grain exhibit elevated protein and 
oil levels. Environmental conditions (temperatures, 
rainfall) and cultural practices (nitrogen fertility, plant 
population) can affect grain composition, especially 

grain protein. Additional information on hybrids de-
veloped for special grain composition characteristics is 
in the Specialty Types of Corn section in this chapter.

Table 4-8: Average Protein and Oil Content of Corn Grain 
(at 15.5% Grain Moisture), Ohio Corn Performance Test, 
2001-2003.

Early Maturity Test Full Season Test

Year Region Protein Oil Protein Oil

% %
2001 SW 7.5 3.3 7.4 3.5

NW 8.5 3.7 8.5 3.9

NE 8.9 3.8 8.4 3.8

2002 SW 8.5 4.0 8.5 4.1

NW 8.9 4.3 9.1 4.4

NE 8.1 3.9 8.4 4.1

2003 SW 8.5 3.8 8.4 3.8

NW 8.0 3.7 8.0 3.8

NE 8.3 3.6 7.9 3.7

Source: OSU Corn Performance Test, http://www.ag.ohio-state.
edu/~perf/

Date of Planting
The recommended time for planting corn in northern 
Ohio is April 15 to May 10 and in southern Ohio, April 
10 to May 10. Approximately 100 to 150 GDDs are re-
quired for corn to emerge. In central Ohio this number 
of GDDs usually accumulates by the last week of April 
or the first week in May. Improved seed vigor and 
seed treatments allow corn seed to survive up to three 
weeks before emerging if soil conditions are not exces-
sively wet. An early morning soil temperature of 50°F 
at the one-half to two-inch depth usually indicates that 
the soil is warm enough for planting. Corn germinates 
very slowly at soil temperatures below 50°F. Short-
term weather forecasts should be monitored to make 
the best decision on early planting. After April 25, 
planting when soil moisture conditions allow is usu-
ally safe. The latest practical date to plant corn ranges 
from about June 15 in northern Ohio to July 1 in south-
ern Ohio. Plantings after these dates yield no more 
than 50% of normal yields.

Planting should begin before the optimum date if soil 
conditions will allow the preparation of a good seed-
bed. Growers should have the equipment capability to 
plant more than half of their corn acres prior to the op-
timum planting date; this should allow planting all the 
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corn acres prior to the calendar date when corn yields 
begin to quickly decline. Ohio corn producers usu-
ally cannot perform field operations during all days 
of their optimum planting date range due to spring 
rains and cool weather conditions that limit soil dry-
ing. On average, during the optimal corn planting time 
in Ohio, only one out of three days is available during 
which fieldwork can occur. 

Table 4-9 shows the effect of date of planting in Colum-
bus. In central Ohio, yields decline approximately 1 to 
1.5 bu/day for planting delayed beyond the first week 
of May. Grain yield and test weight were increased by 
early plantings, whereas grain moisture was reduced, 
thereby allowing earlier harvest and reducing drying 
costs. Early planting generally produces shorter plants 
with better standability. Delayed planting increases the 
risk of frost damage to corn and may subject the crop 
to greater injury from various late insect and disease 
pest problems, such as European corn borer and gray 
leaf spot.

Table 4-9: Planting Date Affects Yield, Percent Grain 
Moisture, and Test Weight of Corn Grain (Columbus, 
Ohio).

Planting  
Date  

(mo/day) 

Percent  
of Maximum  

Yield 

Percent  
Grain  

Moisture 

Test 
Weight  
(lbs/bu)

4/23 - 4/29 100 20.8 55

4/30 - 5/7 99 23.7 55

5/8 - 5/14 92 24.9 55

5/22 - 5/27 87 28.2 54

5/28 - 6/4 79 35.0 51

6/23 - 6/25 52 40.0 49

Corn should be planted only when soils are dry 
enough to support traffic without causing soil compac-
tion. The yield reductions resulting from mudding the 
seed in may be much greater than those resulting from 
a slight planting delay. No-tillage corn can be planted 
at the same time as conventional, if soil conditions 
permit. In reality, however, planting may need to be 
delayed several days to permit extra soil drying. Plant-
ing a full-season hybrid first, then alternately plant-
ing early-season and mid-season hybrids, allows the 
grower to take full advantage of maturity ranges and 
gives the late-season hybrids the benefit of maximum 
heat unit accumulation. Full-season hybrids generally 
show greater yield reduction when planting is delayed 
compared with short- to mid-season hybrids. Planting 
early hybrids first, followed by mid-season, and finally 
the full-season hybrids spreads the pollination interval 
for all the corn acres over a longer time period and 

may be a good strategy for some drought-prone areas 
with longer growing seasons.

Planting hybrids of different maturities reduces dam-
age from diseases and environmental stress at differ-
ent growth stages (improving the odds of successful 
pollination) and spreads out harvest time and work-
load. Consider spreading hybrid maturity selections 
between early-, mid-, and full-season hybrids—for 
example, a 25-50-25 maturity planting, with 25% in 
early- to mid-season, 50% in mid- to full-season, and 
25% in full-season. Planting a range of hybrid maturi-
ties is probably the simplest and most effective way to 
diversify and broaden hybrid genetic backgrounds.

When corn planting is delayed past the optimum dates 
or if a crop needs to be replanted, it may be necessary 
to switch hybrid maturities. In most delayed planting 
situations, however, full-season hybrids still perform 
satisfactorily and reach physiological maturity (black 
layer formation) when planted as late as the last week 
of May. Hybrids planted in late May or early June ma-
ture at a faster thermal rate (require fewer heat units) 
than the same hybrid planted in late April or early 
May.

Recent research from Ohio and Indiana indicates that 
the required GDD units from planting to kernel black 
layer decreases with delayed planting. For each day 
that planting was delayed after May 1 the reduction in 
GDD requirement was about 6.5 GDDs. A hybrid rated 
at 2,800 GDDs with normal planting dates (such as 
late April or early May) may require only 2,605 GDDs 
when planted on May 30. Therefore, a 30-day delay in 
planting may result in a hybrid maturing in 195 fewer 
GDDs (30 days times 6.5 GDDs per day).

Other factors concerning hybrid maturity need to be 
considered when planting is delayed. For plantings in 
late May or later, the dry-down characteristics of hy-
brids should be considered. Although a full-season hy-
brid may still have some yield advantage over shorter 
season hybrids planted in late May, the full-season 
hybrid could have significantly higher grain moisture 
at maturity than earlier maturing hybrids. In addition, 
there will be less calendar time for field drying, and 
drying costs will be higher. Later planting dates gener-
ally increase the possibility of damage from European 
corn borer (ECB) and may warrant selection of ECB Bt 
hybrids, if suitable maturities are available.

Seeding Depth
The appropriate planting depth varies with soil and 
weather conditions. For normal conditions plant corn 
1.5 to two-inches deep to provide frost protection and 
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allow for adequate root development. Shallower plant-
ing often results in poor root development and should 
be avoided in all tillage systems. In April, when the 
soil is usually moist and the evaporation rate is low, 
seed should be planted shallower—no deeper than 1.5 
inches. As the season progresses and evaporation rates 
increase, deeper planting may be advisable. When 
soils are warm and dry, corn may be seeded more 
deeply—up to two inches on non-crusting soils. Seed 
press wheels can help ensure good seed-soil contact, 
which is especially important as temperatures increase 
to 70°F or 80°F. 

Row Width
Over the past 30 years, row spacing in corn has steadi-
ly decreased as plant populations have increased. Since 
the early 1970s, average row spacing in Ohio decreased 
from about 35 inches to about 30 inches in 2004. This 
reduction in row spacing coincided with an increase in 
average plant population from approximately 18,000 
plants/A to more than 26,000 plants/A. During the 
past decade, there has been considerable interest in 
narrowing row spacing even further, and many studies 
have been performed comparing corn planted in nar-
row rows  (row spacing 22-inches or less)  and conven-
tional 30-inch row spacing. 

Although narrow row systems are often perceived as 
a proven method for increasing yield and profitability, 
recent studies on narrow-row corn production have 
produced mixed results. Some of the inconsistency 
may be related to latitude with narrow rows in the 
north central region of the United States exhibiting the 
largest yield increases (5% or more) over 30-inch rows. 
This advantage diminishes sharply moving southward 
with average yield advantages for narrow rows of less 
than 2% in the central Corn Belt and less further south. 
Results of a Michigan State University study conduct-
ed in 1998-99 showed that corn grain yields increased 
by 2% and 4% when row width was narrowed from 30 
inches to 22 inches and 15 inches, respectively. How-
ever, in recent Ohio State University research, the yield 
advantage of narrow rows over 30-inch row spacings 
has been smaller (usually less than 2%) and less consis-
tent.  

Some growers are considering “twin rows” as another 
row spacing configuration that may offer some of the 
yield increases associated with narrow row corn. In 
the typical twin row system, two rows are placed 7-
inches apart on 30-inch centers, although other twin 
row configurations are used. Twin rows make it pos-
sible to create narrow rows without changing the row 
configuration of other equipment, and to avoid costs 

associated with equipment conversion to a narrow row 
system. Staying on 30-inch centers allows growers to 
use the same corn header and tractor tire spacing used 
in 30-inch corn production. In several Ohio studies, a 
twin row system has performed as well or better than 
the 30- and 15-inch row spacings, but results of evalu-
ations of twin row corn in other states have not been 
conclusive.

Potential yield gains from narrow rows must be bal-
anced against the investment for new equipment and 
higher input costs associated with narrowing row 
spacing. Greater interest in increasing equipment use 
efficiency by using the same planter or drill for soy-
bean, sugar beet, and corn may warrant adoption of 
narrow row systems for corn. Producers in northern 
regions that also grow soybeans and sugar beets in 22-
inch rows often find it more efficient to use this same 
row spacing for corn.

Plant Populations and Seeding Rates
When corn is produced for grain in Ohio, recom-
mended plant populations at harvest (or final stand) 
can range from 20,000 to 30,000+ plants/A, depending 
on the hybrid and production environment. Hybrids 
differ in their response to high plant population with 
some exhibiting stalk lodging at the upper end of 
the plant population range. Populations for corn si-
lage typically exceed those for grain by 2,000 to 4,000 
plants/A. Seed companies specify a range in final 
stands for the various corn hybrids they market, and 
these seeding rate guidelines should be followed close-
ly to maximize crop performance. 

Yield potential of the production environment (i.e., soil 
productivity, etc.) is the primary factor determining 
hybrid yield response to increasing plant population. 
Seeding rate adjustments should be made on a field-
by-field basis using the average yield potential of a site 
over a three- to five-year period as the major criterion 
for determining the appropriate plant population. 
When determining the realistic yield potential for a 
site over a five-year period, it may be appropriate to 
ignore the highest and lowest yields, which may have 
occurred during years that were unusually favorable 
or unfavorable for corn performance. 

Higher seeding rates are recommended for sites with 
high yield potential that have high soil fertility levels 
and water holding capacity. On very productive soils 
which may average yields of 175 bu/A or more (such 
as a drained, Kokomo silty clay loam), final stands of 
30,000 plants/A or more may be required to maximize 
yields. On soils averaging 150 bu/A, final stands of 
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26,000 to 28,000 plants/A may be needed to opti-
mize yield. Lower seeding rates are preferable when 
droughty soils or late planting (after June 1) limit yield 
potential. On soils that average 120 bu/A or less, final 
stands of 22,000 plants/A may be adequate for optimal 
yields. 

Hybrid response to high population can be limited by 
stalk lodging, which often increases at higher plant 
density. Some hybrids that have shown positive yield 
response to higher populations cannot be grown at 
high plant densities because of the increased risk of 
lodging at harvest. Lodging reduces yields and slows 
the harvest operation. Therefore, it is essential that 
hybrids planted at high seeding rates possess superior 
stalk quality for standability. Hybrids should also have 
resistance (or the best levels of tolerance available) to 
fungal leaf diseases (such as gray leaf spot and north-
ern corn leaf blight), which contribute to stalk lodging 
problems and stalk rots (such as Anthracnose and Gib-
berella).

If a grower plans to rely extensively on field drying 
that can delay harvest, there may be little benefit from 
using high plant populations above 30,000 plants/A. 
We recently completed a study that evaluated effects 
of plant population (24,000 to 42,000 plants/A) and 
harvest dates (early-mid October, November, and De-
cember) on the agronomic performance of four hybrids 
differing in maturity and stalk quality (Table 4-10). 

Table 4-10. Harvest Date and Plant Population Effects 
on Grain Yield, Moisture, and Stalk Lodging.

Harvest Population (plants/acre)

Harvest Date 24,000 30,000 36,000 42,000

Yield, bu/acre
Early/Mid Oct 191 194 197 198

Early/Mid Nov 187 194 193 188

Early/Mid Dec 172 174 167 161

Grain Moisture, %
Early/Mid Oct 24.9 24.0 22.4 23.7

Early/Mid Nov 18.2 17.9 18.0 17.9

Early/Mid Dec 17.4 17.3 17.6 17.7

Stalk Lodging, %
Early/Mid Oct 3 4 4 4

Early/Mid Nov 17 20 27 34

Early/Mid Dec 33 42 52 59

Although the hybrids exhibited similar yield potential 
when harvested early (early/mid October), differences 
in yield became evident with harvest delays, which 
could be attributed to differences in stalk quality. Yield 
differences among plant population were generally 
small on the first harvest date, but with harvest delays, 
major yield losses occurred at the higher plant popu-
lations, especially 42,000 plants/A, due to increased 
stalk lodging. Grain moisture averaged about 24% on 
the first harvest date, 18% on the second harvest, and 
17.5% on the third harvest date. After the first harvest 
in early/mid October, stalk lodging increased to as 
much as 80% for certain hybrids at high plant popula-
tions, resulting in yield losses of nearly 50% by mid 
December.

Final stands are always less than the number of seeds 
planted per acre. Cold, wet soil conditions, insects, 
diseases, cultivation, and other adversities will reduce 
germination and emergence. Generally, you can ex-
pect from 10 to 20 percent fewer plants at harvest than 
seeds planted. To compensate for these losses, you 
need to plant more seed than the desired population at 
harvest. Many seed companies recommend over-plant-
ing by 10% to 15%. 

To calculate your own planting rate, consider the fol-
lowing formula: 
Planting Rate =  Desired Population per Acre/ 

(Germination  x  Expected Survival) 

Germination is the percent seed germination shown 
on the seed tag (converted to decimal form). Expected 
survival is the percent of seedlings and plants that you 
expect to reach harvest maturity under normal con-
ditions (converted to decimal form). Ninety percent 
survival (or 10% plant mortality) is about average. If 
you are planting very early when the soil will likely 
remain cool for several days following planting, you 
may want to reduce expected survival by 5%. A similar 
approach should be followed when planting no-till, 
especially in heavy residues. 

Example: 
Target stand at harvest - 26,000 plants per acre
Seed tag indicates 95% seed germination
Assume 90% survival (10% plant mortality) 
Planting rate = 26000 / (0.95  x  0.90)  =  30,409 seeds 
per acre

According to the formula, you should consider a plant-
ing rate of approximately 30,400 seeds/A to achieve 
the desired final stand of  26,000 plants/A. 
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Uneven plant spacing and emergence may reduce 
yield potential. Seed should be spaced as uniformly as 
possible within the row to ensure maximum yields and 
optimal crop performance —regardless of plant popu-
lation and planting date. Corn plants next to a gap in 
the row may produce a larger ear or additional ears (if 
the hybrid has a prolific tendency), compensating for 
missing plants. These plants, however, cannot make 
up for plants spaced so closely together in the row 
that they compete for sunlight, water, and nutrients. 
Crowding often results in barren plants or ears too 
small to be harvested (nubbins), as well as stalk lodg-
ing and ear disease problems. 

Although uniformity of stand cannot be measured 
easily, studies have indicated that reduced plant stands 
will yield better if plants are spaced uniformly than if 
there are large gaps in the row. As a general guideline, 
yields are reduced an additional 5% if there are gaps 
of four to six feet in the row and an additional 2% for 
gaps of one to three feet. Studies at Purdue University 
suggest that corn growers could improve grain yield 
from four to 12 bushels per acre if within-row spacing 
were improved to the best possible uniformity (de-
pending on the unevenness of the initial spacing vari-
ability).

The most effective way to improve planter accuracy 
is to keep planting speed within the range specified 
in the planter’s manual. Additional considerations for 
improving seed placement uniformity are listed here:

• Match the seed grade with the planter plate.
• Check planters with finger pickups for wear on the 

back plate and brush (use a feeler gauge to check 
tension on the fingers, then tighten them correctly).

• Check for wear on double-disk openers and seed 
tubes.

• Make sure the sprocket settings on the planter 
transmission are correct.

• Check for worn chains, stiff chain links, and  
improper tire pressure.

• Make sure seed drop tubes are clean and clear of 
any obstructions.

• Clean seed tube sensors if a planter monitor is  
being used.

• Make sure coulters and disk openers are aligned.
• Match the air pressure to the weight of the seed 

being planted.

Uneven emergence affects crop performance because 
competition from larger, early emerging plants de-
creases the yield from smaller, later emerging plants. 
The primary causes of delayed seedling emergence in 
corn include soil moisture variability within the seed 
depth zone, poor seed-to-soil contact resulting from 
cloddy soils, inability of no-till coulters to slice cleanly 
through surface residues, worn disk openers, and mal-
adjusted closing wheels. Other causes include soil tem-
perature variability within the seed zone, soil crusting 
prior to emergence, occurrence of certain types of 
herbicide injury, and variable insect and/or soil-borne 
disease pressure.

Based on research at the University of Illinois and the 
University of Wisconsin, if the delay in emergence is 
less than two weeks, replanting increases yields less 
than 5%, regardless of the pattern of unevenness. 
However, if one-half or more of the plants in the stand 
emerge three weeks late or later, then replanting may 
increase yields up to 10%. To decide whether to replant 
in this situation, growers should compare the expected 
economic return of the increased yield with both their 
replanting costs and the risk of emergence problems 
with the replanted stand.

Use Tables 4-11 and 4-12 to determine the number of 
kernels dropped or the plant population per acre. Table 
4-13 includes the bushels of corn obtained for various 
numbers of ears harvested at different ear weights.
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Table 4-11: Kernel Spacings Within the Row at Planting Rates (Kernels/A) and Row Spacings.

 
Planting  
Rate/A 

Final 
Stand/A 

(10% Loss)

Row Spacing (in.) 

15 20 22 28 30 36 38 40

Inches Between Kernels
15,000 13,500 27.9 20.9 17.6 14.9 13.9 11.6 11.0 10.5

16,000 14,400 26.1 19.6 16.5 14.0 13.1 10.9 10.3 9.8

17,000 15,300 24.6 18.4 15.5 13.2 12.3 10.2 9.7 9.2

18,000 16,200 23.2 17.4 14.7 12.4 11.6 9.7 9.2 8.7

19,000 17,100 22.0 16.5 13.9 11.8 11.0 9.2 8.7 8.2

20,000 18,000 20.9 15.7 13.2 11.2 10.5 8.7 8.3 7.8

22,000 19,800 19.0 14.3 12.0 10.2 9.5 7.9 7.5 7.1

24,000 21,600 17.4 13.1 11.0 9.3 8.7 7.2 6.9 6.5

26,000 23,400 16.1 12.1 10.1 8.6 8.1 6.7 6.4 6.0

28,000 25,200 14.9 11.2 9.4 8.0 7.5 6.2 5.9 5.6

30,000 27,000 13.9 10.4 8.8 7.5 7.0 5.8 5.5 5.2

32,000 28,800 13.1 9.8 8.5 7.0 6.6 5.4 5.2 4.9

34,000 30,600 12.3 9.2 7.8 6.6 6.1 5.1 4.8 4.6

36,000 32,400 11.6 8.7 7.3 6.2 5.8 4.8 4.6 4.4

40,000 36,000 10.4 7.9 7.1 5.6 5.2 4.4 4.1 3.9

Table 4-12: Length of Row Required for 1/1000 Acre at 
Various Row Widths.1

Row Width (in.) Length of Row for 1/1,000 A 

15 34 ft. 8 in.

20 26 ft. 2 in.

22 23 ft. 10 in.

28 18 ft. 8 in.

30 17 ft. 5 in.

36 14 ft. 6 in.

38 13 ft. 9 in.

40 13 ft. 1 in.

1   Example: For 30” rows, count the number of kernels dropped or 
the number of plants in 17 ft. 5 in. and multiply by 1,000. If there 
are 21 in the 17 ft. 5 in. row, the population is 21,000 per acre. 

Table 4-13: Yield of Corn at Various Number of Ears 
Harvested and Ear Weights.

Ears  
Harvested  
per Acre 

Average Weight per Ear (15.5% Moisture) 

0.5 lb  0.6 lb 0.7 lb 0.8 lb 0.9 lb 1.0 lb

Bushels

10,000 71 86 100 114 129 143

12,000 86 103 120 137 154 171

14,000 100 120 140 160 180 200

16,000 114 137 160 180 206 229

18,000 129 154 180 206 232 257

20,000 143 171 200 228 257 286

22,000 157 189 220 252 283 314

24,000 171 206 240 274 309 343

26,000 186 223 260 297 334 371

28,000 200 240 280 320 360 400



43

Making Replant Decisions
Although it is not unusual that 10% to 15% of planted 
seeds fail to establish healthy plants, additional stand 
losses resulting from insects, frost, hail, flooding, or 
poor seedbed conditions may call for a decision on 
whether or not to replant a field. The first rule in such 
a case is not to make a hasty decision. Corn plants can 
and often do outgrow leaf damage, especially when 
the growing point is protected beneath or at the soil 
surface (up until about the six-leaf collar stage). If new 
leaf growth appears within a few days after the injury, 
then the plant is likely to survive and produce normal 
yields.

When deciding whether to replant a field, assemble 
the following information: original planting date and 
plant stand, earliest possible replanting date and plant 
stand, and cost of seed and pest control for replanting. 

If the plant stand was not counted before damage oc-
curred, providing that conditions for emergence were 
normal, estimate population by reducing the dropped 
seed rate by 10%. To estimate stand after injury, count 
the number of living plants in 1/1,000 of an acre (Table 
4-12). Take counts as needed to get a good average —
one count for every two to three acres.

When the necessary information on stands, planting, 
and replanting dates has been assembled, use either 
Table 4-14 or 4-15 to locate the expected yield of the re-
duced plant stand by reading across from the original 
planting date to the plant stand after injury. Then, lo-
cate the expected replant yield by reading across from 
the expected replanting date to the stand that would 
be replanted. The difference between these numbers 
is the percentage yield increase (or decrease) to be ex-
pected from replanting. 

Table 4-14: Central Corn Belt Grain Yields for Corn Planted at Various Dates and Population Rates, Expressed as a 
Percent of Optimum Planting Date and Population Yield (Uniformly Spaced Within Row).

Plants Per Acre at Harvest

Planting Date 12,000 14,000 16,000 18,000 20,000 22,500 25,000

April 20 72 78 83 87 90 93 95

April 25 75 81 86 90 93 96 98

May 1 77 83 88 92 95 98 100

May 6 78 83 88 92 95 98 100

May 11 77 83 88 92 95 98 99

May 16 75 81 86 90 93 96 98

May 21 73 78 83 87 91 94 95

May 26 69 75 80 84 87 90 92

May 31 64 70 75 79 82 85 87

June 5 59 64 69 73 77 80 81

June 10 52 58 63 67 70 73 75

*  Adapted from NCH-30, Guidelines for Making Corn Replant Decisions.
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Table 4-15: University of Illinois Replant Chart Developed Under High-Yielding Conditions. (Adapted from Nafziger, 
1995-96.)

Plants per Acre at Harvest 

Planting Date 10,000 15,000 20,000 25,000 30,000 35,000

 % of Optimum Yield
April 10 62 76 86 92 94 93

April 20 67 81 91 97 99 97

April 30 68 82 92 98 100 98

May 9 65 79 89 95 97 96

May 19 59 73 84 89 91 89

May 29 49 63 73 79 81 79

Source: Nafziger, E. D. 1994. Corn planting date and plant population. J. Prod. Agric. 7:59-62.

Here’s how these tables might be used to arrive at a 
replant decision (Table 4-15 will be used in this ex-
ample). Let’s assume that a farmer planted on May 9 
at a seeding rate sufficient to attain a harvest popula-
tion of 30,000 plants per acre. The farmer determined 
on May 28 that his stand was reduced to 15,000 plants 
per acre as a result of saturated soil conditions and 
ponding. According to Table 4-15, the expected yield 
for the existing stand would be 79% of the optimum. 
If the corn crop was planted the next day on May 29 
and produced a full stand of 30,000 plants per acre, 
the expected yield would be 81% of the optimum. The 
difference expected from replanting is 81 minus 79, or 
2 percentage points. At a yield level of 150 bushels per 
acre, this increase would amount to three bushels per 
acre which would probably not justify replanting costs.

Tables 4-14 and 4-15 show the effects of planting date 
and plant population on the final grain yield for the 
central Corn Belt. Table 4-15 is a newer chart, devel-
oped by Dr. Emerson Nafziger at the University of 
Illinois, that includes earlier planting dates and higher 
optimum plant populations. Table 4-14 is based on 
older data from the 1970s, but it still provides a reason-
able assessment of potential yield losses, especially for 
planting dates in June. Grain yields for varying dates 
and populations in both tables are expressed as a per-
centage of the yield obtained at the optimum planting 
date and population.

Keep in mind that replanting itself does not guaran-
tee the expected harvest population. Corn replant 
decisions early in the growing season will be based 
mainly on plant stand and plant distribution. Later in 
the season as yields begin to decline rapidly because 
of delayed planting, calendar date assumes increased 
importance.

Fertility Recommendations 
A good nutrient management program is key to high-
yield corn production. Instituting the best manage-
ment techniques to ensure adequate nutrient avail-
ability throughout the growing season can pay real 
dividends at the end of the year and minimize the 
adverse effects of nutrient runoff and leaching on the 
environment. Considering the importance of nitrogen 
(N), phosphorus (P), and potassium (K), the discussion 
will cover these primary soil fertility concerns.

Nitrogen

Timing and Sources
Nitrogen (N) applications for corn production should 
consider all risks and weigh all possibilities, particu-
larly with nitrogen prices being high. Fall application 
of nitrogen is not recommended, but if N is to be ap-
plied in the fall, make certain that soil temperatures are 
below 50°F and that anhydrous ammonia is used. Do 
not apply N fertilizers that contain nitrate in the fall; 
the risk of loss is high due to leaching. Application of 
N in the spring is more efficient and less susceptible 
to loss. Nitrogen stabilizers may be used for early 
spring application, but the benefit of such compounds 
is questionable under certain growing conditions 
(fine textured soils subject to denitrification can show 
benefit—in wet years). Application of sidedress N is a 
good alternative to preplant applications of N. In-sea-
son applications move fertilization away from the busy 
planting period and are closer to actual crop uptake 
of N. Sidedressing also minimizes the risk of N loss, 
especially on poorly drained fine-textured soils, which 
are subject to denitrification, and coarse-textured soils, 
which are susceptible to leaching. The main risk of in-
season application is the possibility of delayed applica-
tion due to wet conditions. 
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When selecting a nitrogen source, remember that a 
pound of N is a pound of N; make selections based on 
risk and cost. For example, it would be risky to apply 
urea to the surface of no-till ground due to the poten-
tial loss of N by volatilization. Surface dribble-banding 
of liquid N or subsurface injection are better alterna-
tives. This is not to say that urea is not a good source of 
N, but in this instance, there are better options. Always 
consider the cost of the material as well as the field 
environment that will be encountered to get the most 
efficient use of fertilizer N.

Rates
Current nitrogen recommendations for corn produc-
tion based on yield potential are presented in Table 
4-16. Rates should be adjusted for high organic soils 
(>20% organic matter) by using the pre-sidedress ni-
trate soil test or flat rate decreases of at least 40 lb per 
acre. Application rates for late planted corn should 
also be adjusted to reflect the decrease in yield poten-
tial. To determine a reasonable yield potential, consider 
the yield average of your last five corn crops at that 
specific field.

Table 4-16: Nitrogen Recommendations Based on Yield 
Potential and Previous Crop.

Corn Yield Potential (bu/acre)

80 100 120 140 160 180+

Previous Crop Pounds of N to Apply per Acre
Corn and most  
other crops

80 110 140 160 190 220

Soybeans 50 80 110 130 160 190

Grass sod 40 70 100 120 150 180

Established 
forage legume1

    Average stand  
    (3 plants/ft2)

0 10 40 60 90 120

    Good stand  
    (5 plants/ft2)

0 0 0 20 50 80

Annual legume  
cover crop2 

50 80 110 130 160 190

1  Any legume established for more than one year.
2   Any legume or legume-grass mixture that has been established 

for less than a year.

Phosphorus and Potassium

Application Methods
Phosphorus (P) and potassium (K) are a little easier to 
handle than N when it comes to application methods. 
Phosphorus and potassium are not subject to the same 
loss mechanisms as N, thus application concerns are 
not as restrictive. The main loss mechanism for P is 
runoff. Utilization of conservation practices that mini-
mize the risk of soil runoff to surface waters is ade-
quate for good P management. P and K can be applied 
either broadcast prior to planting or banded (near the 
row or over the row [pop-up]) as a starter when plant-
ing. If applying starter in a band two inches to the side 
and two inches below the seed, the total amount of 
salts applied (N + K2O) should not exceed 100 lb per 
acre. If starter is applied over the rows with the seed 
(not recommended due to potential salt problems), the 
total salts (N + K2O) applied should not exceed 5 lb per 
acre for low cation exchange capacity (CEC) soils or 
8 lb per acre for high CEC soils. The benefit of starter 
fertilizers increases when soil-test levels and soil tem-
peratures are low and when soil surface residues are 
high. Soils that have moderate to high levels of soil test 
P and K show little to no benefit from starter fertilizer. 

Sources
Little difference exists between commonly used forms 
of phosphorus and potassium with regard to nutri-
ent uptake. Ortho- and poly-phosphate formulations 
perform equally well, even though the crop takes up 
the ortho form (poly forms convert to ortho forms 
rapidly). It should be mentioned that if dry formula-
tions of P are to be applied in contact with the seed, 
monoammonium phosphate (MAP) is a somewhat 
safer form of P to apply than diammonium phosphate 
(DAP). DAP produces more ammonia (NH3) which is 
toxic to germinating seeds. When banding MAP, DAP, 
or ammonium polyphosphate (APP), do not exceed 
more than 40 lb N per acre. If soil-test P and K are high 
on no-till soils, then only N should be applied as a 
starter, unless 40 to 60 lb N per acre have been applied 
preplant.
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Rates
Soil test levels below the critical value are considered 
deficient and warrant application of fertilizer (Table 4-
17). Current recommendations for P and K are present-
ed in Tables 4-18 and 4-19. Buildup and maintenance 
recommendations are designed to increase soil-test 
levels to the critical value or maintain current soil-test 
levels. Considering it takes between 8 to 20 lbs of P2O5 
and 5 to 10 lbs of K2O (added or removed) to change 
the soil test level by one unit (depends largely upon 
soil texture), soil-test levels above the critical value will 
be adequate for crop production for at least a few years 
(depending upon the soil-test level). 

Table 4-17: Critical Levels for Soil Test Phosphorus and 
Potassium.

Phosphorus ppm 
(lb/acre)

Potassium at CEC

5 10 20 30

ppm (lb/acre)
15 (30)1 88 (175) 100 (200) 125 (250) 150 (300)
1 Values in parentheses are lb/acre.

Table 4-18: Phosphate (P2O5) Recommendations for Corn 
Using the Buildup and Maintenance Concept.

Soil Test  
ppm (lb/acre)

Yield Potential (Bu/acre)

100 120 140 160 180

lb P2O5 per Acre

5 (10)1 85 95 100 110 115

10 (20) 60 70 75 85 90

15-30 (30-60)2 35 45 50 60 65

35 (70) 20 20 25 30 35

40 (80) 0 0 0 0 0
1  Values in parentheses are lb/acre.
2   Maintenance recommendations are given for this soil test 

range.

Table 4-19: Potassium (K2O) Recommendations for Corn 
Using the Buildup and Maintenance Concept.

Soil Test K 
ppm (lb/acre)

Yield Potential (bu/acre)

100 120 140 160 180

lb K2O per acre

CEC 10 meq/100 g
25 (50) 160 165 170 175 180

50 (100) 120 125 135 140 145

75 (150) 85 90 95 100 105

100-130 (200-260) 45 50 60 65 70

140 (280) 25 25 30 30 35

150 (300) 0 0 0 0 0

CEC 20 meq/100 g
25 (50) 195 200 210 215 220

50 (100) 145 150 160 165 170

75 (150) 95 100 110 115 120

125-155 (250-310) 45 50 60 65 70

165 (330) 25 25 30 35 35

175 (350) 0 0 0 0 0

CEC 30 meq/100 g
25 (50) 235 240 245 250 255

50 (100) 170 175 185 190 195

75 (150) 110 115 120 125 130

150-180 (300-360) 45 50 60 65 70

190 (380) 25 25 30 30 35

200 (400) 0 0 0 0 0
1  Values in parentheses are lb/acre.
2   Maintenance recommendations are given for this soil test 

range.

For comprehensive information on corn fertilization 
and soil fertility management, consult Extension Bulle-
tin E-2567, Tri-State Fertilizer Recommendations for Corn, 
Soybeans, Wheat, and Alfalfa, available online at: http://
ohioline.osu.edu/e2567/index.html .

Crop Rotations
The corn-soybean rotation is by far the most common 
cropping sequence used in Ohio. This crop rotation 
offers several advantages over growing either crop 
continuously. Benefits to growing corn in rotation 
with soybeans include more weed control options, 
fewer difficult weed problems, less disease and insect 
buildup, and less nitrogen fertilizer use. Corn grown 
following soybeans typically yields about 10% more 
than continuous corn.



47

No-till cropping systems, which leave most of the prior 
crop residue on the surface, are more likely to suc-
ceed on poorly drained soils if corn follows soybean 
or meadow rather than if corn follows corn or a small 
grain, such as wheat. Table 4-20 shows the influence 
of corn rotation on corn response to tillage and soil 
type. On the poorly drained Hoytville silty clay loam, 
where corn follows soybean or meadow, yield differ-
ences between no-till and plowed are greatly reduced. 
Crop rotation with soybeans had much less effect on 
corn response to tillage on the well-drained Wooster 
silt loam. This yield advantage to growing corn fol-
lowing soybean is often much more pronounced when 
drought occurs during the growing season.

Table 4-20: Five-Year Averages for Corn Grown in 
Varying Cropping Sequences, Tillage Systems, and Soil 
Types (7 to 11 Years of Study).*

 Wooster Silt 
Loam   

Hoytville Silty 
Clay Loam

Rotation No-Till Plowed No-Till Plowed

 (bu per acre)  (bu per acre)
Continuous corn 150 134 109 128

Corn-soybeans 151 139 126 132

Corn-oats-meadow 167 155 130 134

* From Long-Term Influence of Tillage, Rotation, and Soil on 
Corn Yield, D. M. VanDoren, G. B. Triplett, and J. E. Henry. Ohio 
Report, September-October, 1975.

Corn Pest Management

Weed Control
A number of factors need to be considered when de-
veloping weed control programs for corn, including 
soil type, weeds, weeds present, crop rotation, and 
budget. No single control program effectively handles 
the various weed problems that arise under different 
environmental conditions. Weeds are the major pest 
control problem in corn production in Ohio. Extension 
Bulletin 789, Weed Control Guide for Ohio and Indiana, 
provides comprehensive information on managing 
weeds, including herbicide label updates. This bulletin 
is available online at: http://agcrops.osu.edu/weeds/
documents/2005WeedControlforOHandIN.pdf .

Insect Control
Field corn is a host crop for a complex of pest spe-
cies that may cause economic injury throughout the 
growing season (Figure 4-1). (Figure 4-1 is available at: 
http://ohioline.osu.edu/b827/b827_69.html .) Despite 
the number of different pests that feed on corn, the 
average field generally exhibits minimal pest problems 
because the normal activity of most pest populations 
is too low to inflict significant injury to warrant atten-
tion. However, economic levels of pest injury do occur, 
and economic losses resulting from sudden outbreaks 
of pest activity can be prevented if the farm manager 
is aware of the biology of corn pests, monitors fluc-
tuations in pest population activity, and implements 
timely corrective action. 

April May June July August September

European
corn borer,
1st brood

European
corn borer,
2nd brood

Flea beetle

Seedcorn maggot

Corn rootworm larva

Billbug

Garden symphlan

Wireworm

Cutworm

Slug

True armyworm

Sod webworm

White grub

Corn leaf aphid

Corn rootworm beetle

Japanese beetle

Fall armyworm

Common stalk borer

Figure 4-1. Key periods of corn insect pests.
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Management of pest populations on corn requires a 
combination of preventive and timely responsive ac-
tions based on the risks associated with various cul-
tural practices and pest activity observations collected 
through periodic field inspections. The text in the next 
section reviews the complex of invertebrate pests that 
may impact field corn, summarizes the ecological fac-
tors associated with outbreaks of specific pests, and 
discusses available pest management options. 

Planting Time Decisions
When planting corn, there are basically four pest-man-
agement options: 

• If potential loss from rootworm exists, then an ap-
plication of a granular or liquid soil insecticide, the 
use of a seed-applied insecticide, or the use of a Bt 
hybrid for rootworm may be warranted.

• Application of an insecticide in a herbicide tank 
mix applied as a pre-plant or pre-emergence treat-
ment to prevent stand loss.

• Application of a seed treatment (either planter box 
or seed-applied insecticide) to prevent insect dam-
age to seeds.

• Use of no treatment to prevent pest losses. 

If pest populations threaten to cause stand loss, using 
a soil insecticide or seed-applied insecticide may be 
warranted. If corn rootworms threaten to attack corn 
root systems, using a soil insecticide, high rates of 
seed-applied insecticide, or Bt hybrid for rootworm at 
planting may be warranted. Although the use of soil 
insecticides at corn planting time represents the lead-
ing use of insecticides in Ohio, the Midwest, and North 
America, 75% to 80% of the corn in Ohio is planted 
without the use of a soil insecticide because of limited 
pest pressure and extensive annual crop rotation. A 
review of the conditions that warrant the use of a soil 
insecticide is presented here.

Pest activity that may cause stand losses and can be 
prevented by appropriate selection of soil or seed-ap-
plied insecticide treatments includes seedcorn mag-
gots, cutworms, grubs, and wireworms. Each of these 
pest problems is often associated with unique condi-
tions and should not be considered a widespread prob-
lem applicable to all corn-growing habitats. 

Seedcorn maggots may be a problem when high 
levels of organic matter are associated with climatic 
conditions delaying seed germination and seedling 
emergence. Most problems will occur when organic 
matter, such as an old alfalfa field or a cover crop, is 
incorporated into the soil in early spring. Either apply-

ing a soil insecticide or a seed treatment may prevent 
seedcorn maggot injury. In general, if corn is planted 
into a high organic habitat that is soil incorporated and 
where adverse climatic conditions may result in de-
layed emergence, then preventive treatment should be 
implemented. 

Cutworm problems are generally associated with 
the black cutworm, which is an annual migrant from 
the South. Infestations of black cutworm depend on 
whether significant populations are immigrating from 
the South, and whether a certain field is an attractive 
location to the immigrating populations of cutworm. 
In general, most corn fields under conventional or 
minimal tillage having minimal weed problems are not 
attractive to migrating cutworms and do not require 
preventive treatment. No-tillage corn plantings tend to 
have a higher incidence of cutworm infestations, but it 
is questionable whether routine preventive treatment 
for cutworm in such habitats is needed. Stand loss re-
sulting from cutworms may be prevented by applying 
soil insecticides having a high level of efficacy against 
cutworm or by applying insecticide as a tank mix in 
pre-plant or pre-emergence herbicides. The tank mix 
treatment may also prevent problems associated with 
common stalk borer, which most soil insecticide treat-
ments do not prevent and which is difficult to control 
with rescue treatments. 

Wireworm and grub infestations associated with stand 
loss in corn are relatively uncommon, but such prob-
lems should be expected when corn follows pasture, 
sod, forage, or fallow ground. In these production 
environments, the establishment of specific grasses 
may facilitate development of wireworm or grub 
populations with life cycles extending beyond a year. 
In such situations, using a soil or seed-applied insec-
ticide having efficacy against wireworms and grubs 
is recommended. A planter box seed treatment may 
be regarded as a minimal treatment against potential 
wireworm damage to seed, but using a soil insecticide 
at planting provides extended protection of both the 
seed and the seedlings. 

Reducing losses resulting from corn rootworm on 
continuous corn or first-year corn rootworm fields is 
the predominant objective of most soil insecticide ap-
plications, high rates of seed treatment, or Bt hybrids 
for rootworm. In general, most Ohio growers routinely 
apply soil insecticide to all continuous corn plantings. 
Although applying a soil insecticide to continuous 
corn planting is a routine practice, many continuous 
corn fields do not have rootworm activity warrant-
ing preventive treatment. The potential for rootworm 
injury can be predicted by monitoring adult rootworm 
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activity in the field programmed for planting of con-
tinuous corn or using sticky traps in soybean fields 
where first-year corn rootworms may be a threat the 
following year. However, adult rootworm activity is 
rarely monitored in continuous corn. Routinely apply-
ing soil insecticides, high rates of seed treatments, or 
Bt hybrids for rootworm on continuous corn may be 
justified, however, because the combination of stand 
loss prevention plus root injury from rootworm may 
generate a benefit exceeding the cost of application. 
However, if either stand loss or rootworm injury is 
lacking, then the benefit derived from these treatments 
may not outweigh the cost of treatment. 

Planting corn without any treatment has been the 
norm for most Ohio corn producers. In general, corn 
planted without any insecticide treatment is first-year 
corn under either conventional or minimal tillage 
without the threat of damage from first-year corn 
rootworm. Planting no-till, first-year corn acreage, or 
continuous corn acreage without a soil insecticide, 
increases the risk of injury resulting from soil pests. 
Selection of the optimal pest management practice at 
planting time depends, in part, on a grower’s prefer-
ence for minimizing risk and on personal experience 
related to losses attributed to pest problems. 

Early Stand Loss Prevention
Depending on the degree of preventive treatments 
taken at planting, corn stands may be vulnerable to in-
festations that reduce stand establishment. If the early 
stand loss is a result of seedcorn maggot, wireworm, 
grubs, or early cutworm infestation, timely response 
with rescue treatments may not be feasible. However, 
if a successful stand has been established and signifi-
cant injury resulting from cutworm, stalk borer, slugs, 
or armyworm is detected, then application of a timely 
rescue treatment may prevent further stand losses. 
Timely detection and response to early pest infesta-
tions of corn depends on implementation of a program 
of field inspection to detect pest problems in their early 
stages of development. In general, as tillage decreases, 
the potential for early pest problems increases. Signifi-
cant armyworm and slug infestations are primarily 
no-tillage corn production problems. 

Corn planted no-till into either old hay stands or cover 
crops of rye is extremely vulnerable to armyworm 
infestations. Under these conditions, armyworm may 
cause significant defoliation. Such infestations, how-
ever, may be easily controlled with a rescue treatment 
if the infestation is detected in a timely manner. Any 

corn planted no-till into a grassy habitat should be 
monitored weekly and semi-weekly if armyworm ac-
tivity is detected. Rescue treatment is warranted when-
ever the level of defoliations appears to be resulting in 
a loss of stand. 

Slug problems tend to increase if acreage remains un-
der no-tillage over an extended period. If defoliation is 
significant, rescue treatment with approved baits is a 
viable option. However, if slugs continue to be a prob-
lem on a yearly basis, implementation of minimum 
tillage will tend to reduce the overall problem. 

Mid- (V8) and Late- (V12) Whorl Pest Problems
As corn stand is established, the relative incidence 
of severe pest problems tends to decline. However, 
periodic inspections should be conducted to detect 
pest problems. The primary pest problem of mid-
whorl corn is infestation by first-brood European corn 
borer. Less than 5% of corn stands exhibit significant 
infestations of corn borer, and few fields ever have 
infestations warranting corrective action. However, if 
an infestation is found where one or more larvae can 
be prevented from boring into the stalks, then rescue 
treatment may be warranted. If the farm or field has a 
history of significant European corn borer problems, 
then the use of a Bt hybrid with activity against corn 
borer might be warranted. If planting is made in late 
May or early June, research has shown a yield increase 
when a Bt hybrid for corn borer is planted at that time.

In general, the development of a borer in a stalk leads 
to a 5% reduction in yield of the infested plant. There-
fore, if whorl infestations and larval presence are 
detected at significant levels, timely application of a 
rescue treatment may be warranted. 

No relationship has been found to exist between corn 
borer incidence and tillage. Although no-tillage corn 
production allows corn stubble with the overwintering 
larvae to remain in the field, corn borer activity in no-
tillage corn is equivalent to that of conventional and 
minimal tillage corn. 

Another insect problem, which becomes evident dur-
ing the mid- to late-whorl stage of corn development, 
is root lodging resulting from corn rootworm. Al-
though the problem cannot be corrected once it occurs, 
July is the optimal time to evaluate rootworm impact 
on continuous corn. If rootworm activity is significant, 
root-lodged corn plants will be evident. Root systems 
should then be inspected to confirm and evaluate the 
degree of rootworm activity. 
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Tassel and Silk Stage Pest Activity
As corn enters the tassel and silk stages, a few pest 
problems may occur that may possibly disrupt suc-
cessful pollination and adversely influence yield. 
These pest problems include the corn leaf aphid and 
various beetles feeding on the silks. 

Corn leaf aphid problems are generally associated 
with dry conditions. If abundant, colonies of corn leaf 
aphids may secrete sufficient honeydew to disrupt the 
release of pollen from the tassels. Abundant corn leaf 
aphids on 70% or more of the stand may warrant res-
cue treatment, but the activity of beneficial predators 
usually takes care of such infestations when they occur. 

Successful pollination may be affected by excessive 
clipping of silks by abundant populations of corn 
rootworm beetles and Japanese beetles. Application 
of rescue treatments may be warranted when beetle 
populations are clipping silks to less than a half-inch 
or when five or more beetles are present per plant. 

Pre-Harvest Corn Pest Activity
As corn ears mature, two pest problems may appear 
that may influence ear formation and warrant atten-
tion. The most common late-season pest problem is 
infestation of the ears and stalk by the second brood of 
the European corn borer. Early detection of significant 
second brood corn borer infestations is difficult except 
when preceded by abnormal levels of adult moth flight 
activity. 

If significant infestations of second brood corn borer 
are detected early, rescue treatment may be warranted 
to prevent excessive stalk injury and ear infestation. 
When severe infestations of second brood corn borer 
activity are detected in the stalks, fields should be 
flagged for early harvest; significant lodging may oc-
cur if harvest is delayed. If the farm or field has a his-
tory of significant European corn borer problems, then 
the use of a Bt hybrid with activity against corn borer 
might be warranted. If planting is made in late May or 
early June, research has shown a yield increase when a 
Bt hybrid for corn borer is planted at that time. 

Another pest commonly observed in the ears during 
the late summer is the corn earworm. Although this 
pest is regarded as an important pest of sweet corn, it 
is not generally regarded as a significant pest of field 
corn warranting rescue treatment. 

For more information on managing insect problems 
and the chemicals labeled for corn insects, see Exten-
sion Bulletin 545, Insect Pests of Field Crops, available 

from the county offices of OSU Extension and on the 
Internet at: http://ohioline.osu.edu/b545/index.html .

Disease Control
Major corn diseases in Ohio include leaf blights, stalk 
rots, ear rots, and kernel rots (Table 4-21). Although 
some diseases can be controlled by a single practice, 
such as planting a resistant hybrid, most diseases 
require a combination of practices to ensure that eco-
nomic damage is kept to a minimum. Once a disease 
has been identified, its management depends on un-
derstanding its cause(s), the factors that favor disease 
development, which plant parts are affected, and when 
the disease organisms are spread. A summary of man-
agement practices to prevent yield losses in corn from 
diseases in Ohio follows:

 1. Plant high-quality seed, treated with a fungicide 
seed treatment, in a well-prepared seedbed (see 
Table 5-1.) Plant seed 1.5 to two inches deep at 
rates recommended by the seed company to 
ensure proper plant populations. When popula-
tions are excessively high, the stress caused by 
plant-to-plant competition may increase stalk 
rot and lodging.

 2. Plant high-yielding hybrids with resistance to 
leaf blight, ear rot, and stalk rot diseases. Several 
potentially destructive diseases now cause only 
minor losses because of the widespread use of 
resistant hybrids. Review the level of resistance 
available in hybrids offered by your seed dealer 
before ordering seed for planting.

 3. Balanced fertility is the key to vigorous, well-
developed plants. High rates of nitrogen, espe-
cially when excessive in relation to potassium, 
favor the development of stalk rot and some leaf 
diseases. Use recommended levels of N, P, and 
K based on soil tests.

 4. Crop rotation and destroying corn residues by 
tillage reduce the numbers of disease organisms 
surviving in the field. However, reduced tillage 
should be practiced to conserve energy and to 
protect soil from loss through erosion. When 
corn is planted after corn, especially under re-
duced tillage production, these disease-manage-
ment practices are lost. Other disease-manage-
ment practices, such as growing highly resistant 
hybrids, become essential to compensate for this 
loss.

 5. Improve soil drainage in poorly drained soils. 
This reduces water stress and reduces losses 
from seedling blights, root and stalk rots.
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 6. Control insects and weeds in and around fields. 
Insects such as rootworm and stalk borer cre-
ate wounds that serve as entry points for fungi 
causing anthracnose stalk rot. The corn flea 
beetle serves as the vector of Stewart’s leaf 
blight bacterium. Some weeds act as reservoirs 
for corn pathogens. In southern Ohio, eradicate 
Johnsongrass to eliminate the reservoir for corn 
viruses and their insect vectors.

 7. Survey fields for damage from leaf blight dis-
ease by tasseling. Fungicide application may be 
justified in commercial corn production fields 
only if susceptible hybrids are grown. Popcorn 
and inbreds grown for seed production are gen-
erally more susceptible to leaf diseases than dent 
corn and should be scouted for leaf diseases 
regularly. Visit the Ohio Field Crop Disease web 
site at http://www.oardc.ohio-state.edu/ohio-
fieldcropdisease/ for updated information on 
fungicide use on corn.

 8. Survey fields in the fall prior to harvest to deter-
mine the incidence of stalk rot. A rapid and easy 
technique to determine the incidence of stalk 
rot is the squeeze method. Grasp the base of the 
stalk above the brace roots and squeeze the stalk 
between the thumb and first two fingers. Stalks 
with significant rot will crush easily. Those fields 
with the greatest percentage of rotted stalks 
should be harvested first to avoid losses result-
ing from lodged corn.

 9. Proper adjustment and operation of the combine 
or picker reduces harvesting losses in the field 
with stalk-rotted, lodged corn. Some equipment 
companies have attachments for the combine 
header to help pick up lodged corn.

 10. For long-term storage, dry shelled corn to 13% 
to 14%. Ear corn to be cribbed should be dried 
to 20% moisture. Maintain cool and dry storage 
conditions to prevent storage molds from devel-
oping.

For more information on recognizing and manag-
ing corn diseases and on mycotoxins associated with 
moldy grain, visit the Ohio Field Crop Disease web 
site at: http://www.oardc.ohio-state.edu/ohiofield-
cropdisease/ . These printed bulletins are available 
at OSU Extension offices: Bulletin 802, Corn Disease 
Management in Ohio, and Bulletin 639, Seed Treatment for 
Agronomic Crops. 

Table 4-21: Major Diseases Affecting Corn in Ohio.

Leaf blights

Gray leaf spot

Northern corn leaf blight; races 0, 1

Stewart’s bacterial wilt and leaf blight

Anthracnose

Southern corn leaf blight; race 0

Northern leaf spot; race 3

Eyespot

Common rust

Seedling diseases
Pythium seed rot and seedling blight

Fusarium seed rot and seedling blight

Bipolaris seedling blight

Ear and kernel rots
Gibberella ear rot

Fusarium kernel rot

Diplodia ear rot

Stalk rots
Gibberella stalk rot

Anthracnose stalk rot

Fusarium stalk rot

Diplodia stalk rot

Virus diseases 
Maize dwarf mosaic

Maize chlorotic dwarf 

Miscellaneous 
Common smut

Crazy top

Harvesting
Harvest date should be determined by crop maturity, 
not by the calendar. Plan to harvest fields with poten-
tial lodging or harvest loss problems (such as stalk rot 
or deer damage) first. All field shelled corn with more 
than 15% moisture must be dried for safe storage. The 
ideal kernel moisture level at which to harvest for dry 
grain storage is 25%. Corn normally dries approxi-
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mately 0.75% to 1% per day during favorable drying 
weather (sunny and breezy) during the early, warmer 
part of the harvest season —from mid-September 
through mid-October in central Ohio. By late October 
to early to mid-November, field dry-down rates usu-
ally drop to probably no more than 0.5% per day. By 
mid- to late November the rate drops to 0.25% per day, 
and after Thanksgiving, drying rates are negligible 
(Table 4-10).

Dry-down rates can also be estimated in terms of 
Growing Degree Days (GDDs). Generally it takes 20 to 
30 GDDs to lower grain moisture each point from 30% 
down to 20%. In September, accumulation of GDDs 
averages 10 to 15 per day. In October, the accumulation 
drops to five to 10 GDDs per day. These estimates are 
based on generalizations, however, and some hybrids 
may vary considerably from this pattern of dry-down.

Monitoring harvest losses is an important part of the 
harvesting process. Ear corn losses from in front of the 
combine (preharvest losses) should be subtracted from 
the total harvest loss estimate. The loss of one normal-
sized ear per 100 feet of row translates into a loss of 
more than one bushel per acre. An average harvest 
loss of two kernels per square foot is about one bushel 
per acre. Keep in mind that most harvest losses occur 
at the gathering unit. A recent Ohio State study found 
that approximately 80% of the total machine loss is 
caused by corn never getting into the combine. 

Drought-induced stalk lodging and insect problems 
reduce the yield potential of many corn fields if har-
vesting is delayed much beyond maturity (Table 4-10). 
Ear drop damage may be high in some years as a result 
of extensive European corn borer damage. Estimates 
of harvest losses based on long-term average data at 
Purdue University indicate that losses increase by 1% 
to 2% for each week of harvest delay. Ear damage by 
corn borers and other insects may also increase the po-
tential for grain quality problems caused by ear molds.

Shelled grain weights can be adjusted using a grain 
shrink table (Table 4-22). Shrink represents both the 
moisture loss and a 0.5% dry-matter loss encoun-
tered during dry and grain handling. To estimate the 
amount that a given wet weight of corn will lose dur-
ing the drying process, multiply the wet weight by the 
shrink factor from the table. For example, assume that 
one ton (2,000 lb) of shelled grain at 25% moisture will 
be dried to 15.5% moisture. Drying and handling loss-
es are 2,000 lb x 0.1174, or 235 lb. This results in 2,000 
lb minus 235 lb, or 1,765 lb of grain at 15.5% moisture. 
Monitor debris and cracked corn in the grain as har-
vesting progresses. Debris and cracked corn lower 
grain quality and increase the potential for spoilage 

of stored corn. Table 4-23 shows USDA grade require-
ments for shelled corn.

Table 4-22: Shelled-Grain Shrinkage.

Percent  
Grain 

Moisture 

Percent Shrinkage When Grain Is Dried To:*

13.0% 13.5% 14.0% 14.5% 15.0% 15.5%

13.0 0 0 0 0 0 0

13.5 1.07 0 0 0 0 0

14.5 2.22 1.66 1.08 0 0 0

15.0 2.80 2.23 1.66 1.09 0 0

15.5 3.37 2.81 2.24 1.67 1.09 0

16.0 3.95 3.39 2.83 2.25 1.68 1.09

16.5 4.52 3.97 3.41 2.84 2.26 1.68

17.0 5.10 4.55 3.99 3.42 2.85 2.28

17.5 5.67 5.12 4.57 4.01 3.44 2.87

18.0 6.25 5.70 5.15 4.59 4.03 3.46

18.5 6.82 6.28 5.73 5.18 4.62 4.05

19.0 7.40 6.86 6.31 5.76 5.21 4.64

19.5 7.97 7.44 6.90 6.35 5.79 5.23

20.0 8.55 8.01 7.48 6.93 6.38 5.83

20.5 9.12 8.59 8.06 7.52 6.97 6.42

21.0 9.70 9.17 8.64 8.10 7.56 7.01

21.5 10.27 9.75 9.22 8.69 8.15 7.60

22.0 10.84 10.33 9.80 9.27 8.74 8.19

22.5 11.42 10.90 10.38 9.86 9.32 8.78

23.0 11.99 11.48 10.97 10.44 9.91 9.38

23.5 12.57 12.06 11.55 11.03 10.50 9.97

24.0 13.14 12.64 12.13 11.61 11.09 10.56

24.5 13.72 13.22 12.71 12.20 11.68 11.15

25.0 14.29 13.79 13.29 12.78 12.26 11.74

25.5 14.87 14.37 13.87 13.37 12.85 12.33

26.0 15.44 14.95 14.45 13.95 13.44 12.93

26.5 16.02 15.53 15.03 14.54 14.03 13.52

27.0 16.59 16.11 15.62 15.12 14.62 14.11

27.5 17.17 16.68 16.20 15.70 15.21 14.70

28.0 17.74 17.26 16.78 16.29 15.79 15.29

28.5 18.32 17.84 17.36 16.87 16.38 15.88

29.0 18.89 18.42 17.94 17.46 16.97 16.48

29.5 19.47 19.00 18.52 18.04 17.56 17.07

30.0 20.04 19.58 19.10 18.63 18.15 17.66

30.5 20.61 20.15 19.69 19.21 18.74 18.25

*  All percentages include actual moisture loss plus 0.5% for 
dry matter loss. The shrinkage percentage may be applied to 
pounds, bushels, tons, and all other units of quantity.
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Test Weight
Test weight of corn determines the weight of a bushel 
volume (1.244 cu ft) of grain. Test weights determined 
on dry (15.5% moisture) corn indicate whether the 
grain crop reached full maturity. Low test weights 
indicate immaturity. If bushel test weight of mature 
corn is determined at harvest when grain moistures 
are greater than 15.5%, the test weights will be biased 
downward. In other words, as corn grain dries, test 
weight increases. Differences in test weight influence 
USDA grading of shelled corn (Table 4-23). The adjust-
ments in test weights do not apply if grain contains 
more than 10% broken kernels, was damaged by 
drought or disease, was harvested when immature, or 
was dried at air temperatures of 180°F or higher.

Table 4-23: USDA Grade Requirements for Shelled Corn.
 
 

Grade 

 
Min. Test 

wt./bu 

Cracked  
Foreign  

Material* 

Maximum Limits  
of Damaged Kernels 

Total Heat

lb. % % % %
1 56 2 3 0.1

2 54 3 5 0.2

3 52 4 7 0.5

4 49 5 10 1.0

5 46 7 15 3.0

Sample grade includes corn of the class Yellow Corn or 
White Corn, or Mixed Corn, which does not come within 
the requirements of any of the grades from No. 1 to No. 5, 
inclusive; or which contains stones and/or cinders; or which 
is musty, or sour, or heating, or which has any commercially 
objectionable foreign odor, or which is otherwise of distinctly 
low quality. Moisture content is not considered in USDA grade 
determinations.

*Broken corn, foreign material, and other grains.

Ear Corn
Ear corn can be cribbed safely when the grain moisture 
is 21% or less. However, with cold weather and narrow 
(four-foot), well-ventilated cribs, corn may be stored 
when grain moisture is several percentage points high-
er. Use Table 4-24 to convert ear corn yields to shelled 
corn equivalents. For example, four tons (8,000 lb) of 
ear corn at 21% grain moisture is equivalent to 8,000 
divided by 77.6 or 103 bushels of shelled corn.

Table 4-24: Weight of Corn (Shelled and Ear) to  
Equal 56 lb (1 Bu Shelled Corn) at 15.5% Moisture.

Percent Grain Moisture Weight (lb) Shelled Ear

11.0 53.17 66.04
11.5 53.47 66.50
12.0 53.77 66.97
12.5 54.08 67.46
13.0 54.39 67.97
13.5 54.71 68.49
14.0 55.02 69.02
14.5 55.35 69.57
15.0 55.67 70.13
15.5 56.00 70.70
16.0 56.33 71.28
16.5 56.67 71.87
17.0 57.01 72.47
17.5 57.36 73.09
18.0 57.71 73.71
18.5 58.06 74.34
19.0 58.42 74.98
19.5 58.78 75.62
20.0 59.15 76.28
20.5 59.52 76.94
21.0 59.90 77.60
21.5 60.28 78.27
22.0 60.67 78.94
22.5 61.06 79.62
23.0 61.45 80.31
23.5 61.86 80.99
24.0 62.26 81.68
24.5 62.68 82.37
25.0 63.09 83.06
25.5 63.52 83.75
26.0 63.95 84.44
26.5 64.38 85.14
27.0 64.82 85.83
27.5 65.27 86.53
28.0 65.72 87.22
28.5 66.18 87.91
29.0 66.65 88.61
29.5 67.12 89.30
30.0 67.60 90.00
30.5 68.09 90.69
31.0 68.58 91.39
31.5 69.08 92.08
32.0 69.59 92.78
32.5 70.10 93.48
33.0 70.63 94.18
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Corn Silage
Corn harvested for silage yields one-third more feed 
nutrients per acre than corn harvested for grain. Corn 
in the full dent stage produces 50% more feed than in 
the milk stage and 100% more feed than in the silking 
stage. Corn harvested in the milk or silking stage re-
sults in poorer quality silage because of its high mois-
ture content.

One of the most important steps in producing quality 
corn silage is to harvest at the proper moisture. The 
storage structure determines the proper moisture level 
at which to harvest.

Desired moisture levels for different structures are as 
follows:

 Sealed airtight silos—55% to 60%
 Bag silos—60% to 70%
 Upright silos—62% to 68%
 Trench silos—65% to 70%.

Ideally, moisture levels in the silage should be moni-
tored at harvest to prevent harvesting the crop outside 
the desired range. If moisture testing is not feasible, 
then estimate the crop moisture by the stage of crop 
development.

Kernel milk line can serve as an indicator of whole 
plant moisture levels. As kernels start to dent, a sepa-
ration between kernel starch and milk can be seen. The 
firm starch is deposited in the crown (outer) area of 
the kernel, and the milk occupies the basal area of the 
kernel. This appears as a whitish line separating the 
two areas. As the crop matures, this kernel milk line 
moves down the kernel, and the whole plant moisture 
declines. When this line reaches the midpoint of the 
kernel, 90% of the final kernel dry weight has been 
achieved, and silage yields reach a maximum. At this 
point, the stover part of the plant has good digestibil-
ity, and the moisture is usually in the desired range for 
storage in airtight silos.

A higher moisture level and a slightly earlier harvest 
are recommended for bunker silos (full dent to one-
quarter milk line) and upright conventional silos (one-
quarter to one-third milk line). Harvest time can be 
predicted by monitoring the progression of the milk 
line. When the milk line reaches the base of the kernel, 
a black layer forms and the crop is physiologically 
mature.

Silage harvest should not be delayed beyond the black 
layer point because the silage gets too dry, the kernels 
tend to harden, and the digestibility of the stover de-
clines rapidly. The desired chopping length for corn 

silage is 5/8 to ¾ inch. If silage is harvested when the 
crop moisture is lower than desired, consider chop-
ping finer than normal to promote good packing and 
to minimize air pockets in the silage. For more infor-
mation on producing silage, consult North Central 
Regional (NCR) Publication 574, Corn Silage Production: 
Management and Feeding.

Specialty Types of Corn
The type of corn most widely planted in Ohio and 
across the United States is yellow dent. High grain 
and silage yield potential, high feed value, and avail-
ability of adapted superior hybrids account for the 
widespread use of yellow dents. Yellow dents have the 
highest content of carotene (vitamin A) of the cereal 
grains. Other types of corn include flint, pop, waxy, 
and sweet. Each type of corn has unique kernel charac-
teristics that determine its use and how it is grown.

Because most specialty corn hybrids (including white 
dent, waxy, high oil, and popcorn) are grown under 
contract, it is advisable to identify a market before 
planting. Also, some specialty corn processors specify 
certain hybrids and cultural practices they want grow-
ers to use. Contracts for growing specialty hybrids 
usually offer a premium over the yellow dent price 
to compensate for the lower yield potential and the 
special handling required to ensure high grain qual-
ity. Most specialty corns must be grown in isolation 
from conventional corn fields to prevent cross pollina-
tion. More information on growing specialty corns for 
identity preserved (IP) grain production is available 
online at: http://www.oardc.ohio-state.edu/hocorn/. 
Some of the more widely grown specialty corns are 
discussed here.

White Corn—White corn types are equal to yellow 
types in carbohydrate content but are deficient in 
vitamin A. White types are grown primarily for di-
rect human consumption in foods such as breakfast 
cereals and grits. Yields of white hybrids generally 
are not competitive with yellow dent yields. Typical 
high-yielding yellow dent hybrids produce 5% to 10% 
more grain yield than the best white hybrids. White 
corns must be grown in isolation from yellow dents to 
prevent cross-pollination. A mixture of white and yel-
low downgrades either type at the market. Long-term 
performance data for white corn hybrids is available 
online at: http://www.agcrops.osu.edu .

Waxy Corn—The carbohydrate or starch granules of 
regular dent corn consist of approximately 75% amy-
lopectin and 25% amylose. Waxy corn has nearly 100% 
amylopectin. Waxy corn was initially recognized as a 
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valuable source of industrial starch. The stability and 
clarity of amylopectin starch make it highly suitable as 
a food thickener. Waxy corn has also been considered 
as a potential animal feed. Feeding trials with waxy 
corn hybrids have occasionally shown a benefit, but 
they have not been consistent. Changes in feed ef-
ficiency and production have been insignificant, but 
usually in favor of the waxy corn hybrids. Yields of 
waxy corns are generally lower than those of yellow 
dent corn. 

Growers should have some estimate of the relative 
yield performance of specific waxy hybrids before 
growing any substantial acreage. Waxy corns must be 
grown in isolation from other corn types to maintain 
purity standards for industrial use. Keeping the har-
vested grain separated by 12 to 16 border rows from 
the rest of the field is considered adequate isolation; 
5% contamination with regular corn pollen is consid-
ered the upper limit.

High-Lysine Corn—Although normal dent corn 
contains about 9.4% protein, the quantity of two es-
sential amino acids, lysine and tryptophane, is below 
nutritional requirements for humans and nonruminant 
(single-stomached) animals, such as pigs and chickens. 
High-lysine corn corrects this deficiency and may be 
advantageous in swine feeding rations. Adapted va-
rieties of high-lysine corn are limited in number and 
have generally been lower in grain yield than normal 
dent varieties. The softer kernels of high-lysine corn 
are more vulnerable to breakage at harvest, which can 
lead to higher incidence of kernel or ear rot. Produc-
tion fields must be grown in isolation from other corn 
fields to ensure protein quality. Cross pollination re-
sults in normal dent corn. A separation distance of 300 
feet is recommended.

High-Oil Corn—High-oil corn (HOC) is attractive as a 
livestock feed because it has greater energy value than 
normal yellow dent corn and can replace more expen-
sive dietary sources of fats and proteins. HOC contains 
50% to 100% more oil than normal yellow dent corn, 
which averages about 4% oil on a dry weight basis. 
Feeding trials with HOC indicate that it has improved 
feed efficiency and results in increased rate of gain 
over conventional corn. 

The TopCross grain production system, currently the 
most widely used method of producing HOC in the 
United States, involves the planting of a blend of two 
types of corn. One type, referred to as the grain parent, 
is a cytoplasmic male sterile (produces no viable pol-
len) elite hybrid that comprises 90% to 92% of the seed 
in the blend. The second type, comprising 8% to 10% 

of the seed in the blend, is a high oil pollinator. The 
high oil pollen contains genes that cause production 
of kernels with larger than average embryos. Because 
most of the oil and several essential amino acids are in 
the embryo, the increased embryo size of HOC results 
in greater oil content and enhances grain protein qual-
ity.

Following the introduction of the TopCross system, 
HOC production in the United States increased from 
less than 50,000 acres in 1992 to more than one million 
acres in 1999. However, since then, HOC production 
has dropped sharply with acres planted in 2002 esti-
mated at less than 500,000. A major factor contribut-
ing to this decline has been the availability of cheaper 
sources of oils and fats which compete with HOC as 
an energy source in livestock feed rations.  In TopCross 
HOC production, the minimum isolation distances 
(between HOC and normal corn fields) recommended 
by seed companies range from 60 to 200 feet.

Popcorn—Popcorns are essentially small-kerneled flint 
corns and are among the most primitive of the surviv-
ing races of corn. Kernels contain a hard endosperm 
with only a small portion of soft starch. Popcorns 
are generally either pearl or rice types. Pearls have 
smooth, rounded crowns, and rices are pointed. Heat-
ing the kernel turns the moisture inside the soft starch 
in the center into steam that explodes the kernel inside 
out. The greater the expansion, the higher the quality. 
Hybrids differ as to kernel quality, which also includes 
flavor, tenderness, absence of hulls, color, and shape. 
Popcorn is one of America’s most popular snack foods. 
American consumers eat, on average, 17 billion quarts 
of the healthy treat each year. Popcorn is not only high 
in fiber, potassium, and vitamins, it is also low in calo-
ries and fat. A cup of unsweetened popcorn contains 
between 31 and 55 calories. 

Ohio ranks in the top five of 25 popcorn-producing 
states. Ohio harvests about 67,000 acres of popcorn 
annually. Van Wert County leads the state in popcorn 
production with more than 30% of those harvested 
acres and accounts for 3% of all popcorn produced in 
the United States.

Popcorn hybrids usually yield less than half of normal 
dent hybrids. To achieve maximum quality, minimize 
mechanical damage and dry with low heat to a mois-
ture of 13.5%. Overdrying and kernel damage result 
in reduced popping volume. Handling and quality 
are extremely important aspects of popcorn produc-
tion. From an agronomic standpoint, popcorn must be 
planted to mature before frost, and herbicide programs 
must be labeled for popcorn. Use a fertility program 
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for a 150 bushel per acre yield goal and pay extremely 
close attention to potassium fertility to guard against 
poor stalk quality and lodging. Popcorn production 
fields do not have to be isolated from other types of 
corn, even if the popcorn is not dent-sterile. However 
white and yellow popcorn should not be planted with-
in 0.5 mile of each other to minimize cross-pollination.

Most popcorn in the United States is grown under con-
tract for processors and companies. Growers produc-
ing popcorn commercially generally follow cultural 
practices and plant popcorn hybrids as  specified by 
these companies. Information on popcorn production 
from Extension and university sources is available 
online. 

NCH-5, Popcorn Production and Marketing 
http://www.ces.purdue.edu/extmedia/NCH/NCH-
5.html

Popcorn Production, University of Nebraska 
http://www.ianr.unl.edu/pubs/fieldcrops/g426.htm

Alternative Field Crops Manual, Popcorn, University 
of Wisconsin 
http://www.hort.purdue.edu/newcrop/afcm/pop-
corn.html

Agricultural Marketing Resource Center-Popcorn 
www.agmrc.org/agmrc/commodity/grainsoilseeds/
corn/popcorn.htm

Isolation Requirements for  
Identity Preserved (IP) Non-GMO 
Corn Production
Managing pollen drift is an important consideration in 
the production of specialty corns and non-GMO corn 

as IP grain crops. Corn is a cross-pollinating crop in 
which most pollination results from pollen dispersed 
by wind and gravity. Although most of a corn field’s 
pollen is deposited within a short distance of the field, 
with a 15-mph wind pollen may travel as far as one-
half mile in a couple of minutes. Pollen from corn con-
taining transgenes or genetically modified organisms 
(GMOs), such as Bt corn, may contaminate (by cross-
pollination) nearby non-GMO corn. 

The European Union guidelines require that foods, 
including grains, containing more than 0.9% biotech 
material (GMOs) be labeled as genetically engineered. 
Producers of IP non-GMO corn, such as organic farm-
ers, need to minimize pollen contamination by GMO 
corn if they are to obtain premiums. As GMO corn 
acreage in Ohio increases, the potential for contami-
nation of non-GMO corn is increasing. Growers can 
follow several planting practices to minimize GMO 
pollen contamination, including use of isolation and 
border rows, planting dates, and/or hybrid maturity.  

Several state seed certification agencies that offer IP 
grain programs for corn require that non-GMO IP 
corn be planted at a distance of at least 660 ft from any 
GMO corn. This isolation distance requirement may be 
reduced by removing varying numbers of non-GMO 
border rows, the number of which is to be determined 
by the acreage of the non-GMO IP corn field. These 
isolation and border-row requirements are designed 
to produce corn grain that is not more than 0.5% con-
taminated with GMOs. For more information on these 
methods, consult Extension Fact Sheet AGF-135, Man-
aging ‘Pollen Drift’ to Minimize Contamination of Non-
GMO Corn; it’s available online at: http://ohioline.osu.
edu/agf-fact/0153.html .
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Chapter 5
Soybean Production
By Dr. Jim Beuerlein and Dr. Anne Dorrance

NOTE: Material in this chapter related to pesticides may 
not be valid after 2005. Please contact the county office of 
Ohio State University Extension or the Agronomy Team 
web site at www.agcrops.osu.edu for current information.

The major objective of a crop production system is the 
interception, fixation, and storage of sunlight energy. 
There are many components of a system that will ac-
complish that objective. The most important are early 
planting; narrow rows; productive varieties that resist 
disease; control of weeds, insects, and diseases that rob 
energy from the system; and availability of soil nutri-
ents in adequate amounts. Other inputs to the system 
must not limit energy fixation or slow the process. 
The effects, interactions, and relationships of various 
inputs of an efficient soybean production system are 
discussed here.

Variety Selection
Most soybean varieties have genetic yield potentials 
well over 100 bushels per acre. A variety’s adaptability 
to the environment and production system where it 
will be used sets the yield potential of the production 
system. The quality of the weather during the growing 
season and the stresses from weeds, diseases, and in-
sects determine what the crop yield will be. A variety’s 
performance in a previously conducted yield trial is 
a measure of its performance in that particular envi-
ronment and production system and does not assure 
satisfactory performance under a different set of condi-
tions. 

When a group of varieties is tested for yield over a 
range of environments, their rank order commonly 
changes, which indicates that some varieties are better 
adapted to a specific environment than others. There-
fore, it is best to select varieties with characteristics 
that will help them perform well in the cultural system 
and environment to be used, rather than on their yield 
record alone. For example, if excessive growth and 
lodging are problems, then select varieties that are me-
dium to short in height with good standability. If the 
field has a history of Phytophthora, then select a variety 
with a resistance gene plus a high partial resistance rat-
ing to address that problem. The selection of medium 
or small seed when using a grain drill will improve 
metering and stand uniformity. 

Alternatively, one can select the varieties that per-
formed best at a test site that is similar to the field for 
which a variety is being selected, or select a variety 
that has performed well over several test sites that 
vary widely in yield potential. Maturity information 
should be used to select varieties that mature at dif-
ferent times to allow for timely harvest and high test 
weights. Generally, each 10-day delay of planting in 
May delays maturity three to four days in the fall. For 
best yields in wide rows, select full-season varieties 
with a bushy growth habit. Growth habit is not impor-
tant in narrow rows. Fitting the variety to the environ-
ment is superior to selecting a variety and hoping the 
environment and weather will fit it.

Variety Performance Trials

Figure 5-1. Ohio Soybean Variety Performance Trial 
plots.

The purpose of the Ohio Soybean Performance Trials 
is to provide an unbiased evaluation of variety char-
acteristics and performance to facilitate the selection 
of varieties appropriate for particular production sites 
and systems. Field trials are conducted at six loca-
tions representing the diverse production regions of 
Ohio, and several laboratory tests are conducted at the 
Ohio Agricultural Research and Development Center 
(OARDC) in Wooster, Ohio. Data is collected on yield, 
lodging, relative maturity, seed size, plant height, oil 
and protein content, and resistance to Phytophthora root 
rot. The data for up to 200 entries are published each 
December as Horticulture and Crop Science Series 
212 entitled Ohio Soybean Performance Trials. Details of 
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testing and evaluation procedures are included in the 
bulletin, which is available, free of charge, from county 
Extension offices and on the Internet at: http://www.
agcrops.osu.edu .

Figure 5-2. Ohio Soybean Performance Trial Bulle-
tin showing test regions and test sites.

Disease Control

Early Season and Seed-Borne Diseases
Phytophthora root and stem rot is the most serious soy-
bean disease in Ohio and is present everywhere soy-
beans are grown. Damage to the crop by Phytophthora 
is most prevalent in fields with poor drainage, high 
number of years with soybeans, and reduced till-
age systems. Varieties are susceptible at all stages of 
growth. Saturated soil with a temperature above 60°F 
provides the ideal conditions for infection. Susceptible 
varieties should not be grown in poorly drained soils 

or on soils known to have a history of the disease. Seed 
of varieties with good partial resistance (score of 2 to 
4) should be treated with a fungicide (Apron XL or 
Allegiance FL) that aids in the control of Phytophthora 
damping off. Varieties with Rps resistance gene(s) 
should also be treated to control Phytophthora damping 
off because these Rps genes are not effective in every 
field nor across the whole field. Planting early, well be-
fore soil temperatures reach 60°F, often allows varieties 
with high levels of partial resistance to escape early 
infection if the soil does not become saturated.

Pythium and Rhizoctonia root rots are also common in 
Ohio, and most varieties are susceptible. Damage to 
plant stands is greatest on poorly drained soils and 
during seasons of high rainfall. Pythium is controlled 
by Apron XL and Allegiance FL seed treatments, and 
seedling infections of Rhizoctonia are controlled by a 
number of seed treatment materials (see Table 5-1). 
Also see Ohio State University Extension Bulletin 639, 
Seed Treatment for Agronomic Crops, or the Internet at 
http://www.ohioline.osu.edu/b639/b639_17.html for 
additional information. 

Phomopsis seed rot can be severe when rainfall occurs 
intermittently during grain drydown and harvest. 
The longer soybeans are in the field after ripening, the 
greater the incidence of seed rot. Harvesting soon after 
the soybeans mature (15% to 20% moisture) decreases 
the amount of seed damage. Using varieties with a 
range of maturities allows for a more timely harvest 
of each field. Many varieties are resistant to Phomopsis 
seed rot; if Phomopsis develops in a variety, look for a 
different variety for future years. Fungicides that are 
currently labeled for soybeans have little activity for 
Phomopsis and are generally not economical. Crop rota-
tion and tillage are excellent management tools for this 
seed-rot pathogen as it survives on old crop residue.

Phomopsis seed rot can reduce overall germination 
in certain seed lots and Phytophthora, Pythium, and 
Rhizoctonia can kill seeds and seedlings after they are 
planted. One of the management tools for these seed 
and soil-borne plant pathogens is to use fungicide 
seed treatments. Table 5-1 lists the efficacy of many 
of these compounds. Note, no one fungicide is highly 
effective for all pathogens. Choosing a mix of several 
compounds will provide broad spectrum control. Seed 
treatments are best used on fields with poor drainage, 
a history of stand establishment problems, and re-
duced tillage systems.
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Table 5-1: Relative Efficacy of Fungicide Seed Treatments for Control of Certain Diseases of Soybeans in Ohio.

Trade Name Active Ingredient Phomopsis  
Seed Rot

Phytophthora 
Damping Off

Pythium  
Damping Off

Rhizoctonia  
Seedling Blight

Allegiance Metalaxyl N E* E N

Apron XL Mefenoxam N E* E N

Maxim Fludioxonil E N N G

Rival Captan, PCNB, TBZ E N P G

Stiletto Carboxin, Thiram, 
Metalaxyl

G F G G

SoyGard Metalaxyl, 
Azoxystrobin

P F G G

YieldShield Bacillus pumilus N N N F

* E=Excellent control, G=Good, P=Poor, N=No control

Mid-Season to Late-Season Soybean Diseases
Soybean cyst nematode (SCN) now exists in produc-
tion fields throughout Ohio. In some fields, the popu-
lation of SCN is currently quite high (>10,000 eggs 
per cup of soil). Populations of SCN may take eight to 
10 years from introduction to reach damaging levels 
throughout a field. In a variety test in west central 
Ohio on a fertile, dark-colored soil, varieties resistant 
to SCN yielded more than 50 bushels per acre, whereas 
those susceptible to SCN yielded from 24 to 39 bushels 
per acre. Although these studies were conducted in 
problem fields, the estimated yield loss from SCN in 
other Midwestern states is 8% to 12%. 

In the vast majority of fields in Ohio, SCN causes no 
above-ground symptoms. The only difference that 
growers will see is that yields may be five to 10 bushels 
less than fields with similar yield potential. In more 
severe situations, where SCN populations are high, 
injury is easily confused with other crop production 
problems, such as nutrient deficiencies, injury from 
herbicides, soil compaction, or other diseases. The 
first field symptoms are usually detected in circular to 
oval patches of stunted, yellowed plants. Symptoms 
are most evident in late July or August when plants 
are under drought stress or in fields with low fertility. 
When populations of nematodes are high, the symp-
toms may even occur under normal to optimal grow-
ing conditions. Affected areas of a field may increase 
in size each year in the direction of tillage. In these 
affected areas, SCN females can often be found feeding 
on the roots. 

SCN is best managed with crop rotation, rotating non-
host crops such as wheat, corn, alfalfa, or red clover 
and rotating sources of SCN resistance. Never plant 
a SCN-resistant variety without checking your SCN 

population levels first. When a non-host crop is plant-
ed, SCN populations will decline by as much as 50% 
annually. SCN resistance is measured by a reduction 
in the number of females that feed on roots, but a few 
females will reproduce. Thus, over time, populations 
will adapt to these sources of resistance and repro-
duce in increasing numbers. Sources of resistance that 
are currently available to soybean producers include 
PI88788, PI437654 (Hartwig came from this source), 
and Peking.

To determine what your SCN levels are, soil samples 
should be taken from the top four inches of soil. Each 
field should be divided into sections not exceeding 10 
acres, and each section should be sampled by taking 15 
to 20 subsamples in a zigzag pattern. This level of sam-
pling is necessary to obtain relatively accurate counts 
of the nematode population and to make meaningful 
recommendations for control. The soil samples should 
be moist, but not wet; packaged in double plastic bags; 
and protected from becoming too warm. Mail samples 
to the C. Wayne Ellett Plant and Pest Diagnostic Clinic, 
The Ohio State University, 110 Kottman Hall, 2021 
Coffey Road, Columbus, OH 43210. The telephone 
number for the clinic is 614-292-5006.

Phytophthora stem rot will continue to infect plants 
throughout the growing season. This late-season phase 
of the disease can only be found in fields where heavy 
rains or saturated soils have occurred and with vari-
eties having ineffective Rps genes and low levels of 
partial resistance. If the Rps genes are effective against 
the P. sojae population, then no disease will develop; 
however, if they are no longer effective, then stem rot 
will develop. We have found from a number of years 
and locations that varieties with high levels of partial 
resistance (scores 3.5 to 5.5) rarely develop stem rot. 
One reminder is that not all seed companies use the 
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same scoring system; at The Ohio State University, 3.5 
means very little root rot, and 9 indicates that all plants 
are dead.

Sclerotinia stem rot is present throughout most of Ohio 
and may be severe (50% of plants in a field infected) 
when wet weather occurs prior to and during flower-
ing. Varieties with resistance to Sclerotinia have fewer 
numbers of plants infected but all are susceptible to 
some degree. Stem symptoms first appear as water-
soaked lesions followed by cottony growth and, even-
tually, black irregular-shaped sclerotia which resemble 
mouse droppings in form. Wide rows (30 inches) aid in 
control by permitting air to move through the canopy 
to dry plant leaves and the soil surface but also reduce 
yield due to less sunlight fixation. Reduction in plant 
populations (160,000 to 180,000) and planting in 15-
inch rows can reduce the overall incidence of Sclero-
tinia stem rot without negatively impacting yields.

Brown stem rot can severely reduce yield. This fungus 
enters the plants through the roots and slowly colo-
nizes the stem and the xylem, where it interferes with 
water transport. The disease symptoms develop after 
flowering and are identified by an internal browning 
of the stem in August. Foliar symptoms are rarely seen 
in Ohio, but the leaves of infected plants may sudden-
ly wilt and dry 20 to 30 days before maturity and drop 
from the plant. Crop rotation is an excellent control for 
this disease.

Sudden Death Syndrome (SDS) is another late-season 
disease that appears to always be associated with soy-
bean cyst nematode and areas of the field with very 
poor drainage. Symptoms are very similar to brown 
stem rot in that brown spots develop in the leaves 
between the veins, and this is surrounded by a bright 
yellow chlorosis. In SDS, the roots are very degraded 
along with the crown. One of the key diagnostic tools 
is the color of the pith, which remains white and 
healthy with SDS and is brown and decayed with 
brown stem rot. This fungus survives in the soil for 
long periods of time, so to prevent rapid build-up of 
the pathogen, crop rotation and improving soil drain-
age are key.

Crop Rotation
Crop rotation is the most effective pest-control practice 
available to crop producers. The sequence of crops 
grown in a field affects the productivity of each crop. 
Research from most Midwest states indicate that a soy-
bean crop following a crop other than soybeans will 
usually yield about 10% more grain, on average, than 
when soybeans follow soybeans. Many of the crop 

disease and insect problems currently experienced in 
Ohio are due to short crop rotations or no crop rota-
tion. If all our crops were produced in a four-year crop 
rotation, yield loss to disease and insects would be 
near zero rather than at the 8% to 12% we currently 
experience. 

The effect of crop rotation on yield has been thor-
oughly investigated by most Land-Grant Universities. 
Researchers at the University of Wisconsin conducted 
a crop rotation study with corn and soybeans. Aver-
aged across 29 years by location environments, corn 
and soybeans in their corn-soybean rotation resulted in 
13% and 11% greater yield than the respective mono-
culture. Kansas State University conducted a 20-year 
crop rotation study in which the soybean yields were 
20% greater when rotated with wheat or grain sor-
ghum than without rotation. Results of a Canadian 
crop rotation study showed that soybean yields from 
a wheat-corn-corn-soybean rotation were 7.1% higher 
than in a corn-corn-soybean rotation. Results of a 10-
year crop rotation study conducted in northern Ohio 
indicated that continuous corn yielded only 89% as 
much as corn in a corn-oats-hay rotation, and corn in a 
corn-soybean rotation yielded 94% of the corn-oat-hay 
rotation. 

Economics often dictates crop sequence, but where 
choices are available, soybeans should follow crops 
other than soybeans, sod, or legume crops like alfalfa. 
Corn or other grass crops can make good use of the 
nitrogen left by legume crops and sod. The effect of the 
length of a crop rotation on yield can be seen in Figure 
5-3. 

Figure 5-3. Effect of length of crop rotation on  
percent crop yield.  
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Tillage
Tillage disrupts soil aggregates, and repeated disrup-
tion destroys soil structure. It also causes a long-term 
decline in soil organic matter, which further destabiliz-
es soil structure. Tillage disrupts the continuity of large 
soil pores and restricts the movement of water through 
the soil profile, creating soil drainage problems. Re-
peated use of tillage tools operating at the same depth 
or when the soil is too wet results in the formation of 
compacted zones which restrict both water movement 
and root development.

Secondary tillage operations performed to prepare fine 
seedbeds usually cause the formation of impermeable 
crusts on light-colored silt loam soils such as Blount 
and Crosby. These crusts reduce seedling emergence, 
air exchange, and water intake, all of which reduce 
yields. When thick crusts form, disrupting them by 
rotary hoeing or cultivation often improves yield, par-
ticularly in dry years.

Tillage is one of the largest out-of-pocket expenses 
used for crop production and often does not generate 
enough yield to make the tillage profitable. While no-
tillage can reduce production costs and increase prof-
its, it also creates problems that producers must solve 
with proper management of the other inputs and pro-
duction practices. Some of these problems are colder, 
wetter soil at planting, more root rot disease, slower 
emergence and growth, dealing with crop residues and 
the diseases they contain, and more. There are times 
when tillage is warranted and will likely be profitable. 
Here is a partial listing of some of the situations when 
tillage may be needed:
 1. Use tillage when inadequate soil drainage leads 

to serious yield loss due to root rot diseases, 
poor stand establishment, or late planting.

 2. Use tillage to bury crop residue and thus reduce 
pathogen and insect survival that can infect a 
following crop.

 3. Use tillage as a prelude to land leveling, rock re-
moval, and for the incorporation of soil amend-
ments, such as lime or very high rates of fertil-
izer.

 4. Use tillage to mitigate compacted soil layers or 
zones that interfere with water movement into 
and through the soil, which may delay planting, 
harvesting, and other field operations.

Table 5-2 contains the cost to perform various tillage 
operations and the yield increases needed to pay for 
those operations.

Table 5-2: Cost of Various Tillage Operations and the 
Yield Increases of Corn, Wheat, and Soybean Required 
to Pay the Cost(s).

Typical 
cost per 
acre ($)

Yield increase (Bu/Ac) need 
to pay for tillage*

Operation Corn Wheat Soybean
Moldboard plow (A) 15 6.0 4.3 3.0

Chiselplow (B) 12 5.0 3.4 1.8

Disk(C) 9 3.6 2.6 1.4

Field Cultivator (D) 9 3.6 2.6 1.4

Land Leveling (E) 12 4.8 3.4 1.8

Sub-soiling (F) 16 6.4 4.6 2.5

V-ripping(G) 15 6.0 4.3 2.3

(A) + (C) 24 9.6 6.8 3.7

(A) + (C) + (E) 36 14.4 10.1 5.5

(B) + (D) 21 8.4 6.0 3.2

*  Based on $2.50, $3.50, $6.50 per bushel for corn, wheat and 
soybeans respectively.

Producing Soybeans Without Tillage 
Growing soybeans in Ohio without tillage has become 
both practical and profitable and often reduces or 
eliminates some tillage-related problems. Time savings 
accrued by eliminating tillage can be invested in ear-
lier and more careful planting or the planting of more 
acres. Maintenance of crop residue on the soil surface 
reduces soil crusting, which can lead to better and 
more uniform seedling emergence; improved yields on 
some soils; and reduced needs for rotary-hoeing, culti-
vating, and replanting. In addition, no-tillage systems 
do not bury weed seeds, reducing the germination 
potentials of some species, particularly large-seeded 
broadleaf weeds. Finally, use of no-tillage systems can 
prolong the life of surface drainage improvements, 
particularly on flatter fields.

When planting no-tillage soybeans, growers should 
pay attention to soil drainage; planting procedures; 
crop rotation options; and disease, insect, and weed 
control. While the improper management of any of 
these factors will reduce yields in tillage systems, their 
effects can be much more adverse with no tillage. Prob-
lems created by removing tillage from the crop pro-
duction system and important adjustments that must 
be made to offset those negative effects are presented 
here:
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 1. Cooler soil temperatures slow germination, 
emergence, and early growth.

  Because the soil is warmer at the surface than 
at the 1.5-inch planting depth, the solution is to 
plant shallow (one inch), but in moist soil. The 
warmer soil temperatures at shallow depth will 
enable seeds to germinate and emerge earlier 
and, in effect, produce a closed leaf canopy and 
get to the reproductive stage sooner. The use of 
narrow rows (7.5 inches) will compensate for the 
slower early growth associated with no-till pro-
duction. Good seed-to-soil contact and the use 
of high-quality seed treated with the appropri-
ate fungicides promote the rapid emergence of 
a healthy crop. Slower planting speed will allow 
the planting tool to space seed more uniformly 
in the row and at a more uniform depth, so that 
seeding rates can be reduced and production 
costs can be lowered.

 2. Root rot diseases are much more severe due to 
a wetter and cooler soil environment.

  Two actions can increase plant stands and im-
prove root health:

 • Select varieties with high levels of 
Phytophthora partial resistance that will give 
a good level of protection against all strains of 
Phytophthora.

 • Treat the seed with Apron XL or Allegiance to 
protect the seedling from Phytophthora and 
Pythium root rot until the partial resistance 
mechanism takes effect just after emergence.

  Another strategy is to use soybean varieties that 
have one or more Rps resistance gene(s) for con-
trol of Phytophthora root rot. Other broad spec-
trum fungicides will control other diseases that 
damage the root system and lower stand counts. 
Do not use no-till culture on poorly drained 
fields, and do not plant when the soil is too wet 
for shallow tillage. Tillage or planting operations 
on a wet soil compact the soil particles, which 
inhibits the proper development of root systems 
and thus reduces yield. For additional informa-
tion on controlling soybean diseases, see Profit-
able Soybean Disease Management in Ohio, Bulletin 
895, at: http://ohioline.osu.edu/b895/ . 

  3. Heavy crop residue and more dense soil can 
interfere with proper seeder function and lead 
to poor distribution, poor placement of seed, 
and lack of adequate depth control. 

  Spreading crop residue evenly when harvesting 
will help keep the field surface uniformly cov-
ered with residue and at uniform moisture so 

the entire field is ready to plant at the same time. 
Due to its fineness, wheat residue keeps the soil 
colder and wetter than other residues because 
it provides nearly 100% cover and its light color 
reflects sunlight. Remove wheat straw when 
possible and partially incorporate the stubble 
with a disk to promote its degradation. 

  Try not to plant on old corn rows since old corn 
roots interfere with depth control and seed 
placement. Maintain a down pressure of at least 
200 pounds on each row opener to penetrate 
hard soil areas and use a good depth-control 
mechanism to maintain the proper seeding 
depth in soft soil. A residue cutting colter will 
prevent hair pinning of residue into the seed 
furrow, which interferes with seed placement, 
and it will also loosen some soil that the furrow 
closers can use to cover seed and improve seed-
to-soil contact.

Rhizobium Inoculation
Fifty-eight soybean inoculation trials were conducted 
between 1995 and 2004. During that time, the average 
yield increase due to inoculating was about 2.0 bushels 
per acre. The cost of inoculating an acre of soybeans is 
$2 to $3, depending on the product and the rate used. 
If soybeans are worth $7 per bushel, the per-acre profit 
for inoculating soybeans would be about $11 to $12 per 
acre or a return on investment of more than 300%.

Dry and liquid formulations of the same product 
appear to perform similarly. Once the carrier of the 
inoculum dries on the seed, the bacterial cells start 
dying. Inoculated seed should be planted as soon as 
possible after treatment (12 hours or less), so the bacte-
rial cells will remain moist and survive long enough to 
infect soybean roots following germination. 

When applying a fungicide or using fungicide-treated 
seed, be sure the fungicide has dried before applying 
inoculum to the seed. Currently (2004), most inocula-
tion products may NOT be mixed with fungicides and 
applied to seed together. One exception is that liquid 
formulations of inoculum may be mixed with Apron-
Maxx RTA fungicide and applied together. Work is 
underway to develop formulations of additional fun-
gicides that can be mixed and applied with inoculation 
materials. Development of inoculation materials that 
can be applied up to several weeks before planting is 
also underway.

When loading a drill or a planter using an auger, liq-
uid or dry inoculation materials should be added to 
the seed as it enters the auger for thorough applica-
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tion. When loading a planter or drill from bags, fill 
the seed box to a depth of three inches and scatter an 
appropriate amount of inoculum over the seed and 
mix thoroughly. Continue to add seed in six-inch lay-
ers, treating each until the box is filled. With some dry 
materials, it may be necessary to slightly moisten seed 
to increase adherence. A few small specks of inoculum 
on each seed is adequate. At the recommended use 
rate, there will be more than 500,000 bacterial cells on 
each seed. Excessive amounts of inoculum on seed can 
reduce seed metering by up to 35%. Seeding equip-
ment should be calibrated using the treated seed to be 
planted. Some seeding-rate monitors allow a continu-
ous check of seeding rates, so adjustments can be made 
to the seeding rate if and when necessary. 

When soybeans are planted in a field for the first time, 
it is not uncommon for even the most ideal inocula-
tion procedures to be less than adequate for producing 
enough nitrogen for a good crop. When the nodules 
are insufficient to supply adequate nitrogen, it will be 
necessary to supply some nitrogen to the crop. In this 
event, one application of 75 pounds actual nitrogen 
as urea can increase yields by 8 to 12 bushels per acre. 
This supplemental nitrogen should not be applied 
until flowering, which is usually late June and July 
depending on variety maturity, date of planting, and 
the weather. To assure the establishment of a reliable 
inoculation for future years, it is advisable to grow 
soybeans in a new field for two successive years and to 
inoculate the seed thoroughly both years.

For satisfactory nitrogen fixation in eastern Ohio 
where soils tend to be more acid, the pH in the plow 
layer should be above 6.5, and the percent base satura-
tion of calcium and magnesium should be greater than 
40% and 10%, respectively. On fields where the lime 
requirement is very high, a shallow incorporation (two 
to four inches) of two to four tons of dolomitic lime-
stone will aid in the establishment of bacterial colonies 
on the root system. Dolomitic limestone should be 
used whenever magnesium levels are lower than 10% 
base saturation.

Planting Date
The date of planting has more effect on soybean grain 
yield than any other production practice. The results 
of numerous research studies conducted in Ohio since 
1970 are presented in Figure 5-4. In southern Ohio, 
soybeans should be planted any time after April 15 
when soil conditions are suitable. In northern Ohio, 
planting should begin the last few days of April, if soil 

conditions are satisfactory. Yield loss resulting from 
delayed planting ranges from one-fourth bushel to 
more than one bushel per acre per day, depending on 
the row width, date of planting, and plant type. 

Figure 5-4. Effect of planting date on soybean yield.

Regardless of planting date, row width, or plant type, 
the soybean crop should develop a closed canopy (row 
middles filled in) prior to flowering or by the end of 
June, whichever comes first. Generally, when planting 
in early May, rows must be less than 15 inches apart 
to form a canopy by late June (Table 5-3). An early 
canopy results in high yields because more sunlight is 
intercepted and converted into yield than when row 
middles do not fill in until late in the growing season. 
Assuming a half bushel per acre per day yield loss 
with delayed planting, a 10-day delay in planting 300 
acres would decrease total production by 1,500 bush-
els, which is worth approximately $10,500.

Table 5-3: Effect of Row Spacing on the Number of Days 
(and Date) to Complete Canopy Formation.*

Row  
Spacing

Date of Planting

Before May 5 May 6 to 15 May 16 to 25

7 35 (6/5) 30 (6/10) 25 (6/15)

10 40 (6/10) 35 (6/15) 30 (6/20)

15 50 (6/20) 45 (6/25) 40 (6/30)

20 60 (6/30) 55 (7/5) 50 (7/10)

30 75 (7/15) 70 (7/20) 65 (7/25)

*   Assumes very good growth conditions in May, June, and July. 
Poor growing conditions increase the amount of time needed 
to complete canopy formation.
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Adequate, vigorous stands are sometimes more dif-
ficult to obtain with early planting. Seed treatments, 
good seed-soil contact, and reduced seeding depths, 
however, aid in establishing vigorous stands. Herbi-
cide programs must provide weed control for a longer 
time until the crop is large enough to suppress weed 
growth through competition. Narrow rows provide the 
needed competition for weeds sooner than wide rows.

Late Planting
Late planting reduces the cultural practice options for 
row spacing, seeding rate, and variety maturity. The 
row spacing for June planting should be no greater 
than 7.5 inches. Appropriate seeding rates for the first 
half of June are about 200,000 to 225,000 seeds per acre. 
For the last half of June, 225,000 to 250,000 seeds per 
acre is recommended, and in early July, the recommen-
dation is 250,000 to 275,000 seeds per acre.

Relative maturity (RM) has little effect on yield for 
plantings made during the first three weeks of May, 
but the effect can be large for late plantings. During 
the first half of June, a four-day delay in planting de-
lays physiological maturity about one day. In the last 
half of June, it takes a five-day planting delay to delay 
physiological maturity one day. As planting is delayed, 
yield potential goes down, and there is concern about 
whether late maturing varieties will mature before 
frost. 

When planting late, the rule of thumb is to plant the 
latest-maturing variety that will reach physiological 
maturity before the first killing frost. The reason for 
using late-maturing varieties for late planting is to al-
low the plants to grow vegetatively as long as possible 
to produce nodes where pods can form before vegeta-
tive growth is slowed due to flowering and pod forma-
tion. More nodes equates to more pods and more yield. 
Late-maturing varieties are needed that will mature 
before getting frosted, but since the first frost date is 
unknown, we use a narrow range of maturity that will 
not be damaged by frost occurring at the normal time.

The recommended relative maturity ranges in Table 
5-4 assume normal weather and frost dates, so variet-
ies with those relative maturities should mature before 
frost and produce maximum possible yields when 
planted on the dates indicated. Varieties with an earlier 
relative maturity will mature earlier but will produce 
reduced yields.

Table 5-4: Recommended Relative Maturity Ranges for 
Soybean Varieties Planted in June and July in Northern, 
Central, and Southern Ohio.

Planting 
Date

Suitable  
Relative Maturity

Yield 
Potential

Northern Ohio June 1–15 3.2–3.8 20–45

 June 15–30 3.1–3.5 15–35

July 1–10 3.0–3.3 10–25

Central Ohio June 1–15 3.4–4.0 25–48

June 15–30 3.3–3.7 20–40

July 1–10 3.2–3.5 15–33

Southern Ohio June 1–15 3.6–4.2 30–50

June 15–30 3.5–3.9 25–45

July 1–10 3.4–3.7 20–40

Row Spacing
Most Ohio soybeans are planted in narrow rows (seven 
to 15 inches). Soybeans grown in narrow rows produce 
more grain because they capture more sunlight energy, 
which drives photosynthesis. Within limits, as sun-
light interception increases, so does yield. Researchers 
have learned that the peak demand for the products of 
photosynthesis occurs during the reproductive stage. 
Therefore, the row width should be narrow enough for 
the soybean canopy to completely cover the interrow 
space by the time the soybeans begin to flower (June 20 
to July 10). The row widths that will accomplish that 
goal will vary with soil type, planting date, weather 
conditions, and, in some cases, variety. 

The later in the growing season soybeans are planted, 
the greater the yield increase due to narrow rows. 
The response to narrow rows is also greater for short 
varieties and when growing conditions cause plants 
to grow slowly or be short. The effect of row spacing 
on the yield for early-planted soybeans can be seen in 
Figure 5-5. Planting systems using precision seed me-
tering to achieve uniform seed spacing within the row 
plus uniform depth of seed placement usually produce 
higher yields than planting systems with less uniform 
seed spacing and variable depth of planting.
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Figure 5-5. Effect of row spacing on soybean yield.

Skip-Row Planting Systems
Modern production systems rely on postemergence 
herbicide application for weed control and 
postemergence insecticide application for insect con-
trol. This reliance necessitates the use of large equip-
ment for pesticide application in soybean fields during 
the growing season. Many modern applicators are 
equipped with narrow tires so that crop damage is 
minimal early in the season when plants are small, 
but plant damage increases as plant size increases. 
Skip-row planting patterns (Figure 5-6) enable the ap-
plication of pesticides through most of the growing 
season without causing crop damage. Skip-row sys-
tems usually consist of narrow rows with strategically 
placed wider row spacing to accommodate application 
equipment tires. 

Yield loss due to these wider row middles is usually 
too small to measure (0.05 bushels per acre). For ex-
ample: A 60-foot spray boom covers 96 rows spaced 
7.5 inches apart. Leaving two of the 96 rows unplanted 
would reduce the yield by 2.1% times the yield differ-
ence between  7.5-inch and 15-inch rows. This reduc-
tion amounts to, at most, two bushels per acre or 2.5 
pounds of grain, which is worth about 30 cents. The 
yield loss due to running over two rows of soybeans 
in August is usually $4 to $8 per acre, depending on 
the yield potential, value of grain, and working width 
of the sprayer. For example, 2.1% times 50 bushels 
per acre is 1.05 bushels per acre worth $7.35 if we lose 
all the grain from the two rows run down in August. 
Additional advantages of skip-row planting systems 
are the elimination of application skips and overlaps, 
timely applications, and the adoption of GPS and auto-
mated guidance systems. When custom application is 

planned, consult the applicator for acceptable widths 
of skip rows, their spacing, and frequency across the 
field.

Figure 5-6. A soybean field with 15-inch rows and 
skip rows spaced 10 feet apart to accommodate ap-
plication of pesticides.

Plant Population
When the soybean crop is planted in rows spaced 7.5 
inches apart, the effect of plant population on yield 
is very small over the normal range of seeding rates 
and for any particular set of conditions. For a crop 
planted before May 20 in narrow rows, final popula-
tions of 100,000 to 120,000 plants per acre are adequate 
for maximum yield. Final populations for mid-June 
plantings should be in the range of 130,000 to 150,000 
plants per acre. Final populations for early July 
plantings (double crop) should be greater than 180,000 
plants per acre. Final population is a function of seed-
ing rate, quality of the planting operation, and seed 
germination percentage, and depends on such things 
as soil moisture conditions, seed-soil contact, disease 
pressure, fungicide seed treatments, and more. Final 
harvest stands are typically 60% to 80% of the seeding 
rate when high-quality seed is used, and there are few 
impediments to stand establishment.

Some seed is dead when planted; other seeds may 
not have the vigor needed to emerge and grow rap-
idly; some will be lost to disease and insects prior to 
emergence; some emerged plants will be killed by 
disease; and some will not grow fast enough to com-
pete adequately for sunlight and thus perish during 
the growing season. The effect of soybean seeding rate 
on yield and harvest population for two very different 
environments can be seen in Figure 5-7. For both envi-
ronments, there were six test sites containing two va-
rieties with four replications each, or a total of 48 plots 
for each of the six seeding rates. Plant growth and size 
was much greater in the good environment than in 
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the poor environment. The increased plant size and 
competition between plants resulted in fewer plants 
surviving to harvest, and there was little response to 
increased seeding rates. For this environment, the most 
profitable seeding rate was about 150,000 seeds per 
acre, which resulted in a harvest population of 110,000 
plants per acre. 

In the poor growth environment, there was less veg-
etative growth, and the reduced competition between 
plants resulted in increased harvest populations. Yields 
were much lower and generally decreased as the plant 

population decreased. In the poor growth environ-
ment, the most profitable seeding rate was just over 
200,000 seeds per acre and resulted in a harvest popu-
lation of about 180,000 plants per acre. A good rule-
of-thumb for seeding rate is: Where soybean plants 
grow to 40 inches tall, plant 125,000 seeds per acre; 
where they grow to 30 inches tall, plant 175,000 seeds 
per acre; and where they grow to only 20 inches tall, 
plant 225,000 seeds per acre. 
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Figure 5-7. The effect of soybean seeding rate on harvest population, yield, and profit for good and poor 
growth environments.
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Table 5-5: Suggested Seeding Rates for Combinations of Planting Date, Variety Maturity, and Row Spacing.

Seeds per Foot of Row* Seeds per Acre*

Relative Maturity Planting Date 7.5 inch 15 inch 7.5 inch 15 inch
2.1–2.5 Before 5/20 2.8 5.6 195 195

5/21–6/05 3.0 6.0 209 209

6/06–6/20 3.3 — 230 —

2.6–3.0 Before 5/20 2.6 5.0 181 174

5/21–6/05 2.8 5.4 195 188

6/06–6/20 3.0 5.6 209 195

After 6/20 3.3 — 230 —

3.1–3.5 Before 5/20 2.4 4.2 167 146

5/21–6.05 2.6 4.5 181 157

6/06–6/20 2.8 4.9 195 171

After 6/20 3.1 5.4 216 188

Double Crop 3.5 — 255 —

3.6–4.1 Before 5/20 2.3 4.1 160 140

5/21–6/05 2.5 4.4 173 151

6/06–6/20 2.7 4.8 188 164

After 6/20 3.0 5.3 207 180

Double Crop 3.4 — 245 —

*   For �
should be increased by 30% of the table values.

Replanting
Sometimes, plant stands are reduced by disease, her-
bicide injury, hail, insects, and flooding. If crop insur-
ance covers the damage, consult the insurance agent 
before taking action. When all plants of a field are lost, 
it is realistic to replant if adequate growing season 
remains for the crop to mature. Areas of fields may be 
replanted while leaving the remainder of the field as 
is, and areas of inadequate stands can be thickened 
by inter-planting additional seed. If the stand loss is 
random or erratic throughout the field, a stand count 
should be taken to determine the number of plants 
remaining. For dark soils, do not inter-plant more seed 
unless the number of plants per foot of row is less than 
45% of the recommended seeding rate for the date on 
which replanting could be accomplished (see Table 
5-5). For light-colored soils, do not inter-plant unless 
the number of plants per foot of row is less than 60% of 
the recommended seeding rate for the date on which 
replanting could be accomplished. 

For example: A stand count reveals that for most of the 
field there are about 1.5 plants per foot of  7.5-inch row. 
The date is June 10 and a replanting can be made on 
June 15 when the recommended seeding rate for  7.5-

inch-wide rows is 2.8 seeds per foot of row. If the soil 
in the field is dark in color and good vegetative growth 
is anticipated, then replanting would likely not be 
profitable. However, for a field with light-colored soil 
or where plants will likely be small, inter-planting may 
be warranted, and the inter-plant rate should be 1.65 
seeds per foot of row. That replant rate is the difference 
in the current stand and the recommended seeding 
rate for the date on which the inter-seeding could take 
place, plus about 10% to compensate for the plants 
killed while inter-planting. For example: 

 The recommended seeding rate for June 15 is 2.8 
seeds per foot of 7.5-inch row.

 There are currently 1.5 plants per foot of row.
 2.8 seeds per foot - 1.5 plants per foot = 1.3 plants 

per foot of row needed
 1.3 seeds per foot x 110% = 1.43 seeds per foot of 

row or about 100,000 seeds per acre
 or 40 pounds of seed if there were 2,500 seeds per 

pound.

If low plant populations are due to root rot diseases, 
the guidelines for replanting also include planting a 
variety with disease resistance genes or partial resis-
tance plus the use of a fungicide seed treatment con-
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taining either Apron XL or Allegiance. See Profitable 
Soybean Disease Management in Ohio, Extension Bulletin 
895, which is available from county Extension offices 
or on the Internet at: http://ohioline.osu.edu/b895/ .

Planting Depth
One inch to 1.5 inches is the ideal planting depth 
where tillage is used. Where tillage is used, the soil 
should be free of large clods to ensure good seed-soil 
contact and good seed coverage. Shallow planting (¾ 
to one inch) in late April promotes more rapid emer-
gence than deeper planting. However, be aware of the 
increased exposure to herbicides, which may damage 
young seedlings. In late April soil temperatures at one-
inch depth are three to eight degrees warmer than at 
two-inch depth. After May 15, the air temperatures are 
higher, and the probability of crusting increases. 

It is a poor practice to plant deeper than one to 1.5 
inches, because a crust may form above the seed and 
reduce emergence. It takes the combined pressure of 
many plants to break through the crust. In the process, 
many of the hypocotyls are broken, and the seedlings 
do not emerge. When planted at a one-inch depth, the 
seed is more likely be inside the crust layer. As the 
seed swells in the germination process, the soil crust is 
broken, and a higher percentage of plants emerge. On 
some crusting silt loam soils, deep planting results in 
25% to 50% mortality during emergence. Where soil 
crusting is a problem, no-till planting and crop residue 
are preferred. Adequate crop residue prevents the for-
mation of soil crust and aids in stand establishment. 
Three-fourths-inch to one-inch seeding depth is ideal 
for no-till seeding.

Fertilization Recommendations
For optimal yields on mineral soils with subsoil pH 
greater than 6.0 (generally western Ohio), the pH 
range should be maintained between 6.2 and 6.8. On 
mineral soils with subsoil pH less than 6.0 (generally 
eastern Ohio), the range should be higher (6.5 to 6.8).

Lime should be added to soybean fields when pH 
levels drop below the optimal range. A soil test will be 
necessary to calculate lime requirements. Lime may 
be applied anytime for recommendations of two tons 
or less. Fall applications will allow time for lime to 
raise the soil pH before spring planting. Split appli-
cations will be required for recommendations larger 
than four tons per acre—half before plowing and half 
after plowing. Regardless of the recommendation, no 
more than eight tons of lime should be applied in one 
season. Lime application rates for no-till fields should 

be one half of recommendations given for a tilled field 
sampled to an eight-inch depth. 

Nitrogen (N)
Soybeans, like other legumes, have the ability to form 
a symbiotic relationship with nitrogen-fixing bacteria. 
These bacteria can fix adequate atmospheric nitrogen 
to produce a yield of 50 to 60 bushels per acre. Little 
benefit has been obtained from adding nitrogen to 
well-nodulated soybeans. Soybeans adjust to early-ap-
plied nitrogen by fixing less nitrogen from the atmo-
sphere; applications after flowering have not shown a 
consistent or predictable yield advantage. 

Soybeans also do not respond to starter nitrogen (most 
soils have the ability to provide adequate nitrogen 
until the Bradyrhizobia bacteria infects roots and forms 
nodules). Bacterial infection occurs soon after emer-
gence, and nitrogen fixation begins as early as Growth 
Stage V2 (second trifoliate leaf). 

Yield-limiting deficiencies of nitrogen are uncommon 
in soybeans. Deficiencies may occur temporarily dur-
ing extended cool and/or wet soil conditions after 
planting. These short-term situations should not lower 
yields, and nitrogen fixation will quickly resume with 
warmer temperatures and drier soils. Deficiencies 
seldom occur later in the growing season. However, 
disease, such as soybean cyst nematode, or extended 
hot and dry weather may limit the ability of plants to 
absorb nutrients and produce symptoms that resemble 
nitrogen deficiency.

Nitrogen fertilizer may be necessary the first time 
soybeans are planted in a field, even when seed inocu-
lation is used. If the crop does not have a dark green 
color by early July, 75 pounds of nitrogen per acre 
should be applied as urea. To ensure a reliable source 
of inoculation in new fields, soybeans should be grown 
for two years, and the seed inoculated each year. 

Phosphorus (P)
Soybeans require relatively large amounts of phospho-
rus. It is not unusual for a 60-bushel-per-acre crop to 
contain 48 pounds of phosphate (P2O5) in the grain. 
Although phosphorus is taken up throughout the 
growing season, the period of greatest demand occurs 
during pod development and early seed fill (Growth 
Stages R3 – R5). Deficient plants seldom exhibit spe-
cific leaf symptoms. Generally, phosphorus-deficient 
plants will be stunted, a symptom easily confused with 
disease and environmental stress symptoms. Plant 
and soil tests are the most reliable methods to ensure 
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against phosphorus deficiency. Soil-test phosphorus 
levels should be maintained between 15 and 30 parts 
per million. Phosphate recommendations are based on 
the yield potential of the field and the corresponding 
phosphorus levels from a recent soil test (Table 5-6).

Table 5-6: Phosphate (P2O5) Recommendations for 
Soybeans.
 
Soil test 
ppm (lb/acre)

Yield Potential—bu/acre

30 40 50 60 70

lb P2O5 per acre

5 (10)1 75 80 90 100 105

10 (20) 50 55 65 75 80

15-30 (30-60)2 25 30 40 50 55

35 (70) 10 15 25 25 30

40 (80) 0 0 0 0 0
1  Vaues in parentheses are lb/acre.
2   Maintenance recommendations are given for this soil test 

range.

Potassium (K) 
Soybeans require large amounts of potassium. It is es-
sential for vigorous growth, yet never becomes a part 
of protein molecules and other organic compounds. 
Potassium is not involved extensively in biological 
activities in the soil. Most of the total plant potassium 
will be in the seed at maturity (1.4 lbs per bushel). De-
ficiencies are not common but are easy to recognize by 
yellow leaf margins.

Soil Cation Exchange Capacity (CEC) may affect potas-
sium availability, so the critical level increases as the 
CEC increases. The critical level for soybeans (ppm) 
is 75 + (2.5 x CEC). For soils low in potassium, recom-
mendations are designed to provide more potash than 
crop removal, so that soils will build up above the criti-
cal level in four years. Potash should be applied annu-
ally until soil test potassium is above the critical level. 
Once above the critical level, recommendations are 
made to replace soil potassium removed by the crop. 
These recommendations are slightly above the critical 
level to account for soil sampling or analytical varia-
tion. Depending on the CEC, the range to maintain 
soil-test potassium levels for optimum soybean pro-
duction is between 100 and 180 ppm. Potash recom-
mendations are given in Table 5-7. These recommen-
dations are dependent upon a field’s yield potential, 
CEC, and soil-test level.

Table 5-7: Potash (K2O) Recommendations for Soybeans 
at Various Yield Potentials, Cation Exchange Capacities 
(CEC’s), and Soil-Test Levels

Yield  
Potential

bu/
acre 30 40 50 60 70

Soil test K lb K2O per acre

ppm (lb/acre) CEC 5 meq/100g

25 (50)1 140 155 170 180 195

50 (100) 110 125 135 150 165

75 (150) 80 90 105 120 135

88-118 (175-235)2 60 75 90 105 120

130 (260) 25 30 35 40 45

140 (280) 0 0 0 0 0

CEC 10 meq/100g
25 (50) 175 190 205 215 230

50 (100) 135 150 165 180 195

75 (150) 100 115 130 140 155

100-130 (200-260)2 60 75 90 105 120

140 (280) 30 40 45 50 60

150 (300) 0 0 0 0 0

CEC 20 meq/100g
50 (100) 210 225 240 255 270

75 (150) 160 175 190 205 220

100 (200) 110 125 140 155 170

125-155 (250-310)2 60 75 90 105 120

165 (330) 30 40 45 50 60

175 (350) 0 0 0 0 0

CEC 303 meq/100g
75 (150) 250 265 280 290 300

100 (200) 185 200 215 230 245

125 (250) 125 140 155 165 180

150-180 (300-360)2 60 75 90 105 120

190 (380) 30 40 45 50 60

200 (400) 0 0 0 0 0
1  Values in parentheses are lb/acre.
2   Maintenance recommendations are given for this soil test 

range.

Calcium (Ca) and Magnesium (Mg)
Soybeans require a minimum exchangeable soil-test 
level of 200 and 50 ppm (400 and 100 pounds) of calci-
um and magnesium, respectively. In most cases, these 
requirements are automatically met when soils are 
maintained at the proper soil pH. Soybeans will grow 
well over a wide range of calcium to magnesium ratios 
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and should not need additional calcium as long as the 
proper pH is maintained and soil calcium levels are 
higher than magnesium. Soils naturally low in mag-
nesium (eastern and extreme southern Ohio) should 
be limed with dolomitic limestone. Dolomitic lime is 
an economical source of magnesium and still contains 
generous amounts of calcium.

Sulfur (S)
Soybeans use large amounts of sulfur. A crop yielding 
60 bushels per acre contains about 25 pounds of sulfur, 
15 pounds of which is in the grain. Soils with more 
than 1.0% organic matter usually supply adequate sul-
fur for high yields. Deficiencies generally occur during 
cool wet weather on sandy soils and/or soils low in 
organic matter. Soil tests are not reliable in predicting 
crop response to sulfur. A continuing plant-analysis 
program is the best guide to confirm the need for addi-
tional sulfur. If a sulfur need is identified, several suit-
able materials, such as gypsum, potassium sulfate, or 
potassium sulfate magnesia, will correct the deficiency.

Manganese (Mn)
Even though manganese deficiency in soybeans is not 
a widespread problem, its occurrence is more common 
than the other micronutrient deficiencies. Deficien-
cies are more likely to occur in glacial lakebed, glacial 
outwash, peat, and muck soils. Soil pH is the most 
important factor affecting manganese availability (it 
becomes less soluble at higher pH levels), but other 
factors such organic matter, soil type, and weather may 
magnify the problem. On silt loams and clayey soils, 
manganese deficiency seldom occurs below pH 6.8. It 
may occur on sandy soils that are high in organic mat-
ter with a pH as low as 6.2. Muck and peat soils occa-
sionally are deficient at a pH as low as 5.8. Pale yellow 
to nearly white leaves with distinct green veins is the 
most visual symptom of manganese deficiency. Defi-
ciency symptoms will first appear on younger leaves. 
In more severe cases, the plants will become stunted.

Manganese may be banded for wide-row soybeans, 
but narrow rows require foliar applications. Generally, 
when the plants have two or three trifoliolate leaves 
(Growth Stages V2 or V3), a foliar application of four 
to eight pounds of manganese sulfate will usually cor-
rect minor deficiencies. Multiple applications may be 
needed when both the surface and subsoil have high 
pH values. 

Manganese fertilizers should probably not be mixed 
with herbicides such as glyphosate to prevent the loss 
of weed control. Producers should examine the herbi-
cide label to confirm that the product selected will not 
interfere with the activity of the herbicide. Spraying at 
the optimal time for weed control and using the man-
ganese chelate product, EDTA, may lower the potential 
for antagonism between fertilizer and herbicide. 

Insect Control
Insecticide application may be required at any time 
throughout the development of the crop. At planting 
time, seed treatments may be warranted for protection 
against seed maggots. Early-planted fields may require 
control of over-wintering bean leaf beetles if severe 
stand loss appears likely. Prior to flowering, soybeans 
can tolerate up to 40% defoliation by insects without 
an economic loss in yield. Soybeans become more sus-
ceptible to defoliation from flowering through pod-fill, 
and defoliation should not be allowed to exceed 15% 
during that time. 

Once pods have set, pod injury by bean leaf beetle may 
be a problem. If pod injury is detected, a rescue treat-
ment is warranted when injury of 10% or more of the 
pods appears imminent. Insecticides recommended 
for the control of several soybean insects are presented 
in Table 5-8. For additional information on control-
ling soybean insects, see Extension Bulletin 545, Insect 
Pests of Field Crops, available at county offices of OSU 
Extension or on the Internet at: http://ohioline.osu.
edu/b545/index.html .
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Table 5-8: Insecticides Labeled for the Control of Soybean Insects.

Chemical BLB MBB JB GCW PLH GH SA SM PHL

Ambush*H X X X X X 60

Asana*H X X X X X X X 21

Bt (several names) X 0

DimethoateH X X X X X 21

Dimilin* X X 21

Furadan*H X X X 21

Lannate*H X X X 14

LarvinH X X X 28

LorsbanH X X X X X X 28

MalathionH X X 7

Mustang*H X X X X X X X 21

Penncap-M*H X X X X X X X 20

Pounce*H X X X X 60

Scout*H X X X 21

SevinH X X X X X X 21

TracerH  X 28

Warrior*H X X X X X X X X 45

Bt = Bacillus thuringiensis
BLB = Bean leaf beetle
MBB = Mexican bean beetle
JB = Japanese beetle
GCW = Green cloverworm
PLH = Potato leafhopper
GH = Grasshoppers
SA = Soybean aphid
SM = Spider mites
PHL = Preharvest limitation; waiting period required (in days) prior to harvest or foraging.

*   Use is restricted to certified applicators only.
H   �

products or allow them to drift to blooming crops or weeds if bees are visiting the treatment area.

Weed Control
Specific chemical weed control recommendations can 
be found in the Weed Control Guide for Ohio Field Crops, 
Extension Bulletin 789, available at all county OSU Ex-
tension offices and on the Internet at: http://ohioline.
osu.edu/b789/index.html . 
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Chapter 6
Small Grain Production
Dr. Jim Beuerlein, Dr. Pat Lipps, and Dr. Ed Lentz

NOTE: Material in this chapter related to pesticides may 
not be valid after 2005. Please contact the county office of 
Ohio State University Extension or the Agronomy Team 
web site at www.agcrops.osu.edu for current information. 

The major objective of a small grain production system 
is the interception, fixation, and storage of sunlight en-
ergy. The most important components of such a system 
are variety selection, timely planting, disease control, 
and adequate fertilization. The effects, interactions, 
and relationships of various inputs to small grain pro-
duction systems are discussed here.

Wheat Production
Ohio is a leading state in the production of soft red 
winter wheat and enjoys an outstanding reputation for 
the quality of its crop. Flour made from soft red winter 
wheat is superior for making cakes, crackers, cookies, 
and all sorts of pastries. Any contamination from hard 
red wheat or soft white wheat in marketing channels 
reduces its market value and the quality of flour made 
from it. 

Attempting to produce ultra-high yields by using extra 
inputs is not profitable for most Ohio wheat producers. 
That is because the climate of Ohio limits maximum 
wheat productivity. Most years, Ohio’s weather is too 
wet in May and June, resulting in serious disease and 
loss of yield. June and July is usually too hot and kills 
our crop well before it has time to reach its maximum 
yield potential. When we have one of those rare dry 
springs with low disease levels followed by a cool 
June, the yields of some fields have reached 120 bush-
els per acre or more. Because those good growing sea-
sons are rare, we should manage for the more normal 
weather. It is the weather that usually prevents us from 
taking advantage of high management inputs such as 
high seeding rates and extra nitrogen. 

The most prudent production system is one of defen-
sive management—planting after the fly-safe date to 
dodge diseases; holding seeding and nitrogen rates 
down to reduce disease and lower the cost of produc-
tion; using resistant varieties instead of applying fun-
gicides, etc. This management system will not produce 
the maximum possible yield in those really good years, 
but it will be the most profitable system for all those 
other years (the norm) when the weather is not ideal 
for maximum yields. 

A research study conducted at three locations in 1999 
and 2000 compared high and low levels of inputs to 
determine their effect on winter survival, tiller produc-
tion, heads per acre, and yield. The high-management 
system included a seeding rate of 30 seeds per foot of 
row, 50 pounds of fall-applied nitrogen followed by 
100 pounds in April, and the application of fungicide 
at various times. The low-management system used a 
seeding rate of 20 seeds per foot, 25 pounds of nitrogen 
in the fall, 75 pounds in the spring, and a disease-re-
sistant variety that required no fungicide. The high-
management system cost $31 per acre more than the 
low-cost system but produced only 2.7 (89.2 vs. 91.9) 
more bushels of grain per acre. The extra seed and ni-
trogen alone raised cost by $16 per acre. These studies 
and many other similar studies indicate that in Ohio, 
the key to wheat profits is good management and low 
production costs. 

High yields and low cost of production are necessary 
for wheat to be a viable economic partner in the crop-
rotation sequence. Increased profitability will only 
come from improved management. The guidelines 
presented here will help minimize the factors limiting 
wheat yields and also lower production costs. Addi-
tional specific information on wheat can be obtained at 
county offices of Ohio State University Extension or on 
the Internet at: www.agcrops.osu.edu/wheat. 

Variety Selection
A wheat variety performance trial is conducted annu-
ally by Ohio State University’s Ohio Agricultural Re-
search and Development Center to measure yield and 
other agronomic characteristics important to producers 
of the crop. Information on wheat variety performance 
can be obtained in the annual Ohio Wheat Performance 
Test, Horticulture and Crop Science Department Series 
228, available at county Extension offices or on the 
Internet at: www.agcrops.osu.edu/wheat .

The yield potential of currently available varieties is 
generally in excess of 150 bushels per acre. This yield 
is not approached, however, primarily because of a 
short grain-fill period caused by high air temperatures 
in late June and early July which kill the crop. Accord-
ingly, growers need to select wheat varieties with high 
yield potential, high test weight, good winter hardi-
ness, and good straw strength. Always select varieties 
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with adequate resistance to the diseases prevalent in 
your area of the state. Information on variety perfor-
mance should be obtained from multiple sources, such 
as seed companies and university performance trials, 
where multiple sites and years of testing are presented. 

Always plant more than one variety each year to 
reduce the risk of disease losses and to spread out 
harvest dates. Select varieties with resistance to wheat 
spindle streak mosaic, powdery mildew, and leaf 
rust. Varieties with moderate resistance to Stagonos-
pora blotch and Fusarium head scab are also available. 
Avoid varieties highly susceptible to Fusarium head 
scab. Information on the reaction of varieties to various 
diseases can be obtained from seed company deal-
ers and on the Ohio Field Crop Disease web site at: 
http://www.oardc.ohio-state.edu/ohiofieldcropdis-
ease/ .

High-Quality Seed and Seed Treatment
Purchase only high-quality seed that has been thor-
oughly cleaned to remove shriveled kernels and that 
has a germination of 90% or better. All seed should 
be treated with a seed-treatment fungicide to control 
seed-borne diseases like loose smut, common bunt, 
Fusarium scab, and Stagonospora glume blotch. Treat-
ments containing the fungicides difenconazole or 
tebuconazole (TBZ) have been very effective in control-
ling most seed-borne diseases. TBZ can be added to 
improve efficacy against seed-borne Fusarium found on 
scab-affected seed. 

Basic information on seed treatments can be found in 
Table 6-1, but more information is available in Ohio 
State University Extension Bulletin 639, Seed Treatment 
for Agronomic Crops, and OSU Extension Bulletin 639A, 
Efficacy of Seed Treatment Fungicides for Agronomic Crops 
in Ohio. Both bulletins can be found on Ohio State’s 
web site at: http://ohioline.osu.edu/b639/b639_
17.html .

Table 6-1: Efficacy of Wheat Seed Treatments.

Product Active Ingredient Common Bunt Loose Smut Stagonospora 
Nodorum

Fusarium 
(scab)

Pythium 
Damping Off

Allegiance Metalaxyl N N N N E

Apron XL Mefenoxam N N N N E

Dividend XL Difenoconazol, 
Mefenoxam

E E E G E

LSP Flowable 
Fungicide

Thiabendazole (TBZ) N N P G N

Maxim 4FS Fluidoxonil N N N G N

Raxil-Thiram Tebuconazole, 
Thiram

E E E G E

Raxil MD Tebuconazole, 
Metalaxyl

E E E G E

Raxil XT Tebuconazole, 
Metalaxyl

E E E G E

RTU Vitavax-Thiram Carboxin, Thiram G G F G F

Vitavax 200 Carboxin, Thiram G G F G F

Efficacy based on labeled rates of active ingredient for each material.
Efficacy rating scale: E = Excellent, G = Good, F = Fair, P = Poor, N = No activity
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Crop Rotation
Plant wheat following soybeans. A three-year rotation 
of corn-soybean-wheat appears to be optimum for 
sustained yield of all three crops. Crop rotation is the 
most effective method to reduce pathogen populations 
that affect the three crops in the sequence. The purpose 
is to provide enough time away from the host plant for 
pathogens to die out before that crop is planted again. 
Wheat should never follow wheat or spelt in the rota-
tion sequence. 

Soil-borne diseases, like Take-all and Cephalosporium 
stripe, can cause complete crop failure in non-rotated 
fields. Foliar diseases, like powdery mildew and St-
agonospora glume blotch, may also become more of a 
problem. Wheat should not follow corn in the rotation 
because the same fungus that causes Gibberella stalk rot 
in corn also causes Fusarium head scab in the wheat. 
Planting wheat into corn residues greatly increases 
the risk of a severe outbreak of scab in the wheat crop. 
Wheat also serves as an excellent rotation crop for corn 
and soybeans, allowing populations of pathogens (like 
soybean cyst nematode and Sclero-
tinia) to decline before host crops are 
again planted in the field. 

Land Selection and Preparation
Wheat grows well in a range of soil 
types; however, well-drained soils 
with medium to fine texture produce 
the highest yields in Ohio. Adequate 
drainage is essential; thus, tiling 
poorly drained fields is important. 
Plan the crop-rotation sequence far 
enough in advance to plant early-
maturing soybean varieties in fields 
to be planted to wheat in the fall. 
This will permit planting of wheat 
at the optimum time for maximum 
winter survival and yield potential. 
Drilled, medium-season soybean 
varieties, planted early yield as well 
as full-season varieties. 

Planting no-till wheat into soybean 
stubble has been very successful 
in reducing erosion and almost 
totally eliminates spring heaving, 
which also reduces production 
costs. Soybean residues should be 
evenly spread across the field dur-
ing harvest to ensure uniform seed-
ing depth (1.5 inches). Do not plant 

into soils that are too wet and monitor planting depth 
when the soil is hard and dry. 

Planting Date
Wheat should never be seeded prior to the fly-safe date 
because of the possibility of severe damage by diseases 
and Hessian fly (Figure 6-1). The best time for seeding 
is a 10-day period starting the day after the fly-safe 
date. Long-term average yields are highest from seed-
ings made during that time (Figure 6-2). Seeding dur-
ing that time usually produces ample growth for win-
ter survival and reduces the likelihood of fall disease 
infections and attack by potentially damaging insects. 
Occasionally, when freezing weather is delayed until 
late November or early December, wheat seeded more 
than three weeks after the fly-safe date is equal in yield 
to that seeded during normal planting time. Because 
of reduced fall growth, late seeded wheat is less winter 
hardy and more susceptible to spring heaving. 
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Figure 6-1. Hessian fly-safe dates for planting wheat for Ohio counties.
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Figure 6-2. Effect of planting date on wheat yield.

Seeding Practices 
When planting at the proper time and into soil that is 
not too wet, seed should be planted 1.5-inches deep. 
Row width should be six to eight inches. Planting by 
bushels per acre is very inaccurate due to variability 
in seed size from year to year and from one variety to 
another. Low seeding rates result in inadequate stands 
and winter injury, while excessively high rates increase 
lodging and disease pressure. 

Do not plant weak-strawed varieties prone to lodging. 
Calibrate the drill each year for each variety and seed 
lot planted. The optimum seeding rate is 1.2 to 1.6 mil-
lion seeds per acre (18 to 24 seeds per foot of 7.5-inch 
row when planting during the two weeks following 
the fly-safe date). During the third and fourth week 
after the fly-safe date, plant 1.6 to 2.0 million seeds per 
acre (24 to 30 seeds per foot of row). Do not plant faster 
than the speed at which the drill was calibrated. The 
number of seeds per pound and germination rates are 
critical factors that need to be known before a proper 
seeding rate can be determined and the drill calibrated. 
This information should be listed on the bag of seed. 
The information in Tables 6-2 and 6-3 can be used to 
accurately calibrate grain drills. 

Table 6-2: Pounds of Seed Needed to Plant from 1.6 to 
2.0 Million Seeds per Acre With Seed of Different Sizes.

Millions of Seed Per Acre

Seeds per Pound 1.2 1.4 1.6 1.8 2.0
10,000 120 140 160 180 200

11,000 109 127 145 164 182

12,000 100 116 133 150 167

13,000 92 108 123 138 154

14,000 85 100 114 129 143

15,000 80 93 107 120 133

16,000 75 88 100 113 125

17,000 71 82 94 106 118

18,000 66 77 89 100 111

Table 6-3: Seeds per Foot of Row for Different Row 
Spacings and Target Seeding Rates.

Desired  
Seeding Rate

Row Spacing in Inches

7 7.5 8 10 15**

Million Seeds/A Seeds per Foot of Row
1.2 16.0 17.2 18.4 23.0 25.0

1.4 18.7 20.0 21.4 26.8 25.0

1.6 21.4 23.0 24.5 30.6* 25.0

1.8 24.1 25.8 27.5 34.4* 25.0

2.0 26.8 28.7 30.6* 38.3* 25.0

*     Seeding rates should never be greater than 30 seed per foot 
of row.

**  For Relay Intercropping only.

Row Width
Wheat row spacing work conducted in the mid-1980s 
indicated that wheat grown in 14-inch rows produced 
yields that were 94% of yields from rows spaced seven 
inches apart (61 bushels compared to 57.3 bushels). 
Because the seeding rate per foot of row for wheat is 
the same for all row widths, the seed cost for 15-inch 
rows is half that for 7.5-inch rows. When wheat seed 
costs $12 per unit and wheat grain is worth $3 per unit, 
the lower yield from wide rows is almost offset by the 
reduced seed cost. The additional savings from drills 
with fewer seed meters and planting units made the 
two row spacings equally profitable based on the 1980s 
data.

The results of studies conducted in 2000 and 2001 ap-
pear in Tables 6-4 and 6-5. In both years, the plots were 
planted within 10 days after the fly-safe date at the rate 
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of 25 seeds per foot of row for both row spacings (120 
lbs. and 60 lbs. for 7.5-inch and 15-inch rows, respec-
tively). Nitrogen (30 lbs. per acre) was applied at plant-
ing each year to stimulate fall growth, tillering, and 
improve winter hardiness.

Table 6-4: Effect of Wheat Row Spacing on Plant Height, 
Test Weight, and Yield for 18 Varieties and Six Test Sites 
in 2000.

7.5 In. Rows 15 In. Rows Difference

Height 37.0 36.7 0.3

Test Wt. 54.9 53.9 1.0

Yield 60.6 56.2 4.4

Table 6-5: Effect of Wheat Row Spacing on Plant Height, 
Test Weight, and Yield for 22 Varieties and Two Test 
Sites in 2001.

7.5 In. Rows 15 In. Rows Difference*

Height (in) 38.0 37.0 1.0

Test Wt. (lbs/bu) 55.6 55.6 0.0

Yield (bu/ac) 72.9 70.7 2.2

*   Three varieties produced more yield in 15-inch rows than in 
7.5-inch rows

These data indicate that some wheat varieties may be 
more profitable to produce in wide rows than narrow 
rows due to savings in seed and machinery cost. Vari-
eties that perform well in wide rows tend to be either 
tall by nature or grow tall due to favorable weather. 
They also have a non-erect growth habit that allows 
them to fill in the wide-row middles. High rates of til-
lering also favor higher yields in wide rows. Tillering 
is favored by planting within seven days after the fly-
safe date and the application of 30 pounds of nitrogen 
at planting. Normally, 15-inch-row wheat yields 5% to 
15% less than wheat grown in 7.5-inch rows. In 2001, 
excessive tillering and vegetative growth reduced that 
normal difference in yield.

Lodging Control
Lodging is a serious deterrent to high yields. Cultural 
practices that tend to increase grain yield also increase 
the likelihood of lodging. Using recommended seed-
ing rates (18 to 24 seeds per foot of 7.5-inch row), 
applying proper rates of nitrogen, and selecting lodg-
ing-resistant varieties prevents lodging in high-yield 
environments where yields of 100 bushels per acre are 
anticipated. When lodging occurs, the severity of foliar 
disease increases, resulting in reduced grain yield and 

quality. Additional effects of lodging are reduced straw 
quality and slowed harvest. The prevention of lodging 
increases dividends through a combination of reduced 
input costs and improved grain and straw quality. 

Fertilization

Nitrogen
Providing adequate nitrogen for the wheat crop is an 
important step toward high yields. However, as the 
nitrogen rate increases, the potential for lodging and 
disease also increases. The amount of fertilizer nitro-
gen required varies greatly, depending on the level of 
soil organic matter, carry-over nitrogen from previous 
crops, and yield goal. In general, each 1% of organic 
matter supplies eight to 12 pounds of nitrogen per acre 
through organic matter oxidation. Nitrogen available 
from a previous soybean crop ranges from 20 to 40 
pounds per acre. 

Current recommendations are to apply 20 to 30 
pounds of nitrogen at planting to stimulate fall vegeta-
tive growth. Spring nitrogen should be applied be-
tween March 1 and April 30 (Table 6-6). When starter 
nitrogen is applied in the fall, spring applications in 
mid- to late April are satisfactory. When no nitrogen 
is applied in the fall, the spring application should be 
made before April 15. 

Most sources of nitrogen are satisfactory for wheat. 
Urea and 28% solutions (urea-ammonium nitrate) are 
often the most common. Urea has the least potential to 
cause damage to the crop. Damage is generally insig-
nificant from broadcast applications of 28% solution 
applied early, but the potential for damage increases as 
the crop matures. Dribble band applications will mini-
mize damage from 28% solutions. Urea-ammonium 
nitrate solutions will have some nitrogen available 
immediately at application time; urea will have a short 
lag as it converts to ammonium and nitrate forms of 
nitrogen. The nitrate fraction of 28% solutions will be 
susceptible to loss after application until plant uptake. 
Urea may have volatilization losses if temperatures are 
exceedingly warm. 

The spring application should be the total nitrogen 
recommendation less the amount applied in the fall. 
No credits are given for previous crops. For example: 
A 90-bushels-per-acre wheat crop would require 110 
pounds of nitrogen (Table 6-6). If the grower applied 
30 pounds in the fall, the remaining 80 pounds should 
be applied in the spring. 
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Table 6-6: Nitrogen Recommendations for Wheat.

Yield Potential  
(bu per acre)

Nitrogen Rate  
(lb per acre)

60 60

70 75

80 90

90 110

100 130

A split spring application program may be a benefit in 
poorly drained fields that are prone to nitrogen loss or 
in fields prone to lodging. For these programs, it is im-
portant that the first application occurs soon after ini-
tial green-up and the second application at initial joint-
ing (Feekes Growth Stage 6). The time of application 
is not as critical in a single spring topdress (providing 
some nitrogen was applied in the fall), but applications 
should be made after initial green-up and before the 
second visible node on the stem (Feekes Growth Stage 
7). Up to half the total intended amount of nitrogen 
can be applied in the second application. 

Phosphorus
Small grains respond well to phosphorus fertilizer 
on soils testing up to 45 ppm. Therefore, to maximize 
yields, the soil P level (Bray P1) should be 45 ppm or 
higher. A 1:4:2 ratio provides the proper balance of 
starter fertilizer. Table 6-7 contains the recommended 
phosphorus applications. Phosphorus should be ap-
plied before planting when the soil-test level is below 
45 ppm. Actual phosphorus recommendations are 
determined by the yield goal and soil-test level. Phos-
phorus and fall-applied nitrogen are often applied as 
diammonium phosphate (DAP) or monoammonium 
phosphate (MAP). 

Table 6-7: Phosphorus Recommendations for Wheat at 
Various Yield Potentials and Soil-Test Levels.

Yield Potential  
(bu per acre)

Soil test (ppm)

15 20 25-40 45 50

lb P2O5 per acre

60 90 65 40 20 0

70 95 70 45 20 0

80 100 75 50 25 0

90 105 80 55 30 0

100 115 90 65 30 0

Potassium
The small-grain response to potassium application is 
less than that of phosphorus. When the K soil-test level 
is maintained at 75 ppm plus five times the CEC (Cat-
ion Exchange Capacity), a potassium application equal 
to the crop removal plus 20 pounds of K2O per acre 
produces optimum yields if no other factors are limit-
ing. If the soil-test K level is maintained at 175 ppm 
plus five times the CEC, then no application of potas-
sium is needed for optimum yields. See Table 6-8 for 
recommended potassium applications. 

Recommendations for potash are based upon the yield 
goal, soil Cation Exchange Capacity (CEC), and the 
soil-test level. Soils with higher CEC values have a 
greater chance of potassium becoming unavailable to 
the crop and require more potash than low CEC soils. 
Table 6-8 recommendations only account for grain 
removal of potassium by the crop. Recommendations 
should be greater in fields where the straw may be 
baled and removed. 

Table 6-8: Potash Recommendations for Wheat at 
Various Yield Potentials, CEC, and Soil-Test Levels.

Soil Test K (ppm)

Yield 
Potential 
(bu/acre)

Soil 
CEC 25 50 75 100 125 150 175

60 lb K2O/acre

10 155 115 80 40 40 0 0

15 195 150 110 65 40 25 0

20 240 190 140 90 40 40 0

80 lb K2O/acre
10 160 125 85 50 50 0 0

15 205 160 115 70 50 30 0

20 250 200 150 100 50 50 0

100 lb K2O/acre
10 170 130 95 55 55 0 0

15 210 165 125 80 55 35 0

20 260 205 155 105 55 55 0

Manganese
Wheat is almost as sensitive to manganese deficiencies 
as is soybean, and the problem occurs in the same ar-
eas of fields. Deficiency symptoms are usually not se-
vere enough to be seen but will reduce yield. Maintain-
ing soil pH between 6.5 and 7.0 will usually eliminate 
the problem. Manganese sulfate can be applied in a 
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band or in contact with seeds when it is recommended 
by a soil test. A more practical application method is 
to mix some manganese sulfate (four pounds per acre) 
with liquid nitrogen for application at or before green-
up in the spring. 

Disease Control
Disease is often the major factor limiting yield of 
wheat in Ohio and other Midwestern states. Yield 
losses as high as 30 to 50% are common where no dis-
ease control is practiced. Effective disease management 
requires knowledge of the diseases most likely to oc-
cur in a production area. Producers should fine tune 
their disease-control strategies for those few diseases 
encountered each year. Correct diagnosis is the cor-
nerstone to effective control, and producers with little 
experience identifying diseases should seek help from 
competent sources, such as Ohio State University Ex-
tension or an agricultural consulting service.

A comprehensive wheat disease-management program 
consists of the following practices:
 1. Select varieties with resistance to the important 

diseases in the area. Powdery mildew is most 
common throughout Ohio, except in the north-
western part of the state. Stagonospora glume 
blotch is most severe in central, west central, 
northwestern, and southern Ohio. Leaf rust has 
the greatest potential for damage in southern 
Ohio. Monitoring wheat diseases aids a pro-
ducer in selecting varieties with resistance to the 
common diseases of his or her community.

 2. Plant well-cleaned, disease-free seed, treated 
with a fungicide that controls seeding blights, 
bunt, and loose smut.

 3. Plant in a well-prepared seedbed, after the fly-
safe date. 

 4. Rotate crops; never plant wheat where the pre-
vious crop was wheat or spelt. A two- to three-
year rotation from wheat prevents most patho-
gens from surviving in fields.

 5. Plow down residues from heavily diseased 
fields, especially those affected by Cephalospo-
rium stripe or Take-All. Plowing enhances de-
composition of residue and death of the disease-
causing fungi.

 6. Use a well-balanced fertility program based on 
a soil test. Apply sufficient amounts of phos-
phorus, nitrogen, and potassium in the fall for 
vigorous root and seeding growth. Spring top-
dress with nitrogen at the rate recommended 
to achieve the yield goal. Excessive nitrogen 
increases the severity of foliar disease and lodg-
ing.

 7. Control grass weeds. Destroying volunteer 
wheat, quackgrass, and other grass weeds in 
and around potential wheat fields reduces the 
amount of disease inoculum available to infect 
the crop.

 8. Apply fungicides only if warranted. Scout fields 
from flag leaf emergence through flowering. 
Foliar fungicides are able to control the follow-
ing diseases—powdery mildew, leaf rust, and 
Stagonospora nodorum leaf and glume blotch. 
Stagonospora leaf blotch and powdery mildew 
are the most severe. Know symptoms, severity 
ratings, and disease thresholds before scouting 
fields. The earlier the fungicide is applied after 
reaching the threshold level, the greater the 
yield response.

Growers should become familiar with symptoms of 
the common diseases affecting wheat in Ohio. Correct 
diagnosis and scouting are important steps in identi-
fying the yield-limiting diseases on your farm. Help 
in diagnosis can be obtained from OSU Extension or 
other crop consultants. OSU Extension Bulletin 785, 
Wheat Disease Control in Ohio, provides descriptions 
and pictures of the common diseases in the state. This 
bulletin can also be found on OSU’s web site Ohioline 
at: http://www.ohioline.osu.edu/b785/index.html .  
Additionally, information on wheat-disease diagnosis 
and control can be obtained on the web site Ohio Field 
Crop Diseases at: http://www.oardc.ohio-state.edu/
ohiofieldcropdisease/ . The symptoms and appropri-
ate control measures for several important wheat dis-
eases are provided in Table 6-9.
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Table 6-9: Wheat Diseases and Disorders Common in Ohio.

Disease or Disorder Symptoms Environment Control

Head scab Spikelets of head turn straw 
colored; glume edges with pink 
spore masses; kernels shriveled 
white to pink in color.

Warm, wet weather during 
flowering period.

1.  Seed treatment for infected 
seed.

2. Crop rotation.
3. Plow down corn residues.

Powdery mildew Powdery white mold growth on 
leaf surfaces.

High humidity; 60–75°F; high 
nitrogen fertility; and dense stands.

1. Resistant varieties.
2. Crop rotation.
3. Delayed planting.
4. Fungicides.

Leaf rust Rusty red pustules scattered over 
leaf surface.

Light rain; heavy dew; 60–77°F; 6-8 
hr leaf wetness for germination 
and infection.

1. Resistant varieties.
2. Balanced fertility.
3. Fungicides.

Septoria tritici leaf 
blotch

Leaf blotches with dark brown 
borders; gray centers speckled 
with black fungal bodies.

Wet weather from mid-April to 
mid-May; 60–68°F; rain 3-4 days 
each week.

1. Seed treatment.
2.  Plant less susceptible varieties.
3. Crop rotation.
4. Balanced fertility.
5. Fungicides.

Septoria nodorum leaf 
and glume blotch

Lens-shaped chocolate brown leaf 
lesions with yellow borders; brown 
to tan blotches on upper half of 
glumes on heads.

Wet weather from mid-May 
through June; 68–80°F; rain 3-4 
days each week.

1. Seed treatment.
2.  Plant less susceptible varieties.
3. Crop rotation.
4. Balanced fertility.
5. Fungicides.

Tan spot Lens-shaped, light brown leaf 
lesions; yellow borders.

Moist, cool weather during late 
May and early June.

1. Plow down infested residues.
2. Crop rotation.
3. Balanced fertility.
4. Fungicides.

Cephalosporium stripe Chlorotic and necrotic interveinal 
strips extending length of leaf.

Cold, wet fall and winter with 
freezing and thawing causing root 
damage.

1. Crop rotation.
2. Bury infested residues.
3. Control grassy weeds.
4. Lime soil to pH 6.0– 6.5.

Take all Black scurfy mold on lower stems 
and roots; early death of plants.

Cool, moist soil through October-
November and again in April-May

1. Crop rotation
2. Control weed grasses
3. Balanced fertility
4.  Use ammonium forms of N for 

spring top dress
5. Avoid early planting

Fusarium root rot Seedling blight (pre and post 
emergence); wilted, yellow plants; 
roots and lower stems with whitish 
to pinkish mold. Root rot plants 
have brown crowns and lower 
stems.

Dry, cool soils; drought stress 
during seed filling.

1. Seed treatments 
    for seedling blight.
2. Delayed planting.
3. Balanced fertility.
4. Avoid planting after 
   corn.

Barley yellow dwarf Stunted, yellowed plants; leaves 
with yellowed or reddened leaf 
tips.

Cool, moist seasons. 1.  Delay planting until after the 
Hessian fly-safe date.

2. Balanced fertility.

Wheat spindle streak 
mosaic

Discontinuous yellow streaks 
oriented parallel with veins of 
leaves. Streaks with tapered ends 
forming chlorotic spindle shapes.

Cool, wet fall followed by cool 
spring weather extending through 
May.

1. Resistant varieties.
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Planting disease-resistant varieties is the most effec-
tive and economical means for controlling diseases. 
Select resistant varieties based on research conducted 
by universities and seed companies. Varieties are 
available with moderate to high levels of resistance to 
leaf rust, powdery mildew, and wheat spindle streak 
mosaic. Varieties with moderate levels of resistance to 
Stagonospora leaf and glume blotch and Fusarium head 
scab are also available. However, varieties rarely have 
good resistance to all diseases. When varieties have 
high resistance to a disease, they effectively limit losses 
in yield. Resistance to leaf rust and powdery mildew 
may fail due to the development of new races of the 
pathogens. Combining the use of resistant varieties 
with good crop rotations, planting after the Hessian 
fly-free date, and the use of seed-treatment fungicides 
will improve disease control.

Scouting fields for disease is essential when growing 
moderately susceptible and susceptible varieties to 
determine the need for fungicide applications. This 
involves checking the level of disease on 30 to 50 indi-
vidual tillers randomly selected throughout the field. 
Fields should be scouted for powdery mildew at flag-
leaf emergence and boot stage (Feekes Growth Stage 
8 and 10, respectively; see Figure 6-3) and scout for 
Stagonospora leaf blotch and leaf rust at boot stage and 
full-head emergence. 

The upper two leaves on tillers and the glumes on 
heads contribute most to grain fill. Thus, it is impor-
tant to keep these upper plant parts free of disease to 
avoid yield loss. Fungicides should be used only on 
susceptible and moderately susceptible varieties in 
fields that have a yield potential of 60 or more bushels 
per acre. Disease thresholds are 1% of leaf area affected 
on the leaf below the flag leaf up to boot stage (Feekes 
Growth Stage 8 through 10), and 1% of leaf area affect-
ed on the flag leaf between head emergence and flow-
ering (Growth Stage 10.1 to 10.5.1, Table 6-10). When 
these disease levels are present, a fungicide should be 
applied as soon as possible to protect leaf tissue before 
more becomes infected. One percent leaf area affected 
roughly translates to five to 10 leaf-rust pustules, two 
to three powdery-mildew pustules, or one to two 
Stagonospora nodorum blotches. Table 6-11 shows the 
efficacy of several fungicides for wheat-disease con-
trol, while Table 6-12 shows the predicted yield loss to 
powdery mildew, based on variety susceptibility and 
disease level.
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Tillering
begins

Stage 3
Tillers
formed
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sheaths
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sheaths
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just visible
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In bootStage 9
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Heading

Ripening

Figure 6-3. Feekes Wheat Growth Stage Scale.
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Table 6-10: Wheat Disease Thresholds.

Wheat Growth Stage Disease Leaf* Disease Level**

Flag leaf emergence (GS8) to Boot (GS10) Powdery Mildew 2 2 to 3 lesions

Flag leaf emergence (GS8) to Boot (GS10) Stagonospora leaf blotch 2 1 to 2 lesions

Head emergence (GS10.1) to flowering (GS10.5.1) Stagonospora leaf blotch 2 1 to 2 lesions

Head emergence (GS10.1) to flowering (GS10.5.1) Leaf rust 1 (flag) 5 to 10 pustules

*     Leaf number counted from top leaf (flag leaf = leaf 1) down on the tiller.
**   Disease level based on average of 30 to 50 tillers randomly collected throughout field. 

Table 6-11: Efficacy of Fungicides for Wheat Disease Control Based on Application at Threshold Level.

Fungicide Rate per Acre Powdery Mildew* Stagonospora Leaf Blotch** Leaf Rust** Head Scab***

Tilt 4 fl. oz. Excellent Good Excellent Poor

Quadris 6.2 to 10.8 fl. oz. Fair Good Excellent

Stratego 10.0 fl. oz. Fair Good Excellent Poor

Propi Max 4 fl. oz. Excellent Good Excellent Poor

Quilt 14 fl. oz. Excellent Good Excellent

Headline 9 fl. oz. Fair Excellent Excellent

*      Powdery mildew efficacy based on application at flag leaf emergence (Growth Stage 8).
**    Stagonospora and leaf rust control based on application at head emergence (Growth Stage 10.1).
***  Head scab control based on application at beginning flowering (Growth Stage 10.5.1).

Table 6-12: Predicted Percentage Yield Loss to Powdery 
Mildew Based on Varietal Susceptibility and Disease 
Level.

Detectable Disease (1%) at Head 
Emergence

Varietal Reaction Flag Leaf Leaf Two Leaf Three
Susceptible 25% 16% 6%

Moderately Susceptible 16% 10% 4%

Moderately Resistant 8% 5% 2%

Resistant — — —

1% disease = Two to three powdery mildew lesions per leaf.
Percentage yield loss based on six varieties over three years.

Insect Control
Several different insects can be important on wheat 
in Ohio. Management of insect pests affecting wheat 
often emphasizes nonchemical control measures. Hes-
sian fly is controlled primarily by delaying planting 
until late September or early October, depending on 
location of the field in the state. Cereal leaf beetle and 
aphids are usually controlled by beneficial parasites. 
However, populations of some pests, especially cereal 
leaf beetle, armyworm, and sometimes aphids, may 
occur in numbers warranting rescue treatment with 
insecticides. The insect pests that may impact wheat 
are reviewed here: 
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The Hessian fly passes through two generations per 
year in which adult flies deposit eggs, maggots hatch 
on leaves and feed on stems, and then maggots pupate 
into the commonly recognized flaxseed stage. Damage 
by the maggots occurs in the late spring and early fall 
following activity by adults in early spring and late 
summer. Flaxseed pupae are located within the leaf 
sheaths of plants in the spring, resulting in the broken 
wheat stems and lodging associated with that damage. 
Under serious infestations, the problem is generally 
detected after the damage has been done and the fly is 
in the flaxseed stage. Thus, rescue treatments are not 
warranted. The major tactic for controlling Hessian 
fly is planting wheat after the Hessian fly-safe date for 
your county (see Figure 6-1).

English grain aphid and the cherry oat aphid may 
cause limited feeding injury. The greenbug, which 
produces a toxin that affects the wheat plant, rarely 
occurs in Ohio. To determine the need for treatment, 
first identify the aphid. English grain aphid has black 
cornicles or tailpipes on the tip of the abdomen, oat-
bird cherry aphid has a red-orange spot between the 
cornicles, and the greenbug has a dark green stripe on 
the back and the tips of the cornicles are black. Keep 
in mind that natural predators usually control most 
aphid populations on small grains. Greenbug infesta-
tions that are great enough to cause economic damage 
are rare in Ohio. Aphids also are important in Ohio be-
cause they may transmit the barley yellow dwarf virus 
that causes stunting and yellowing of wheat and other 
small grains. However, it is not economically feasible 
to control transmission of barley yellow dwarf virus 
with insecticides because aphids can transmit the virus 
within six hours of landing on the plant. 

Overwintering cereal leaf beetles appear in the spring 
and lay eggs, which hatch into larvae that feed on 
wheat and oat leaves. Larvae appear as small black 
slugs due to accumulated fecal matter on their backs. 
There is one generation per year with new adults ap-
pearing in late spring. A complex of parasitic wasps 
generally controls cereal leaf beetle, but treatment of 
fields may be warranted when mild winters adversely 
affect natural control. An infestation averaging one 
larva per stem may result in a loss of three bushels per 
acre. 

Adult armyworms become active in late April and 
early May and are attracted to grass crops, including 
wheat. Larvae are active in late May and June and can 
feed on leaves and emerging heads. Most serious dam-
age occurs when larvae feed on stems and clip heads 
completely off. Detection of larvae is initially along the 
edge of fields and low-lying areas. When six or more 

larvae can be seen per linear foot of row, or head clip-
ping is evident and larvae are not fully grown (larvae 
are predominantly one-inch long or less), a rescue 
treatment may be needed. 

Insecticides labeled for use on small grains are listed 
in Table 6-13. For more information on managing in-
sect problems and for the chemicals labeled for wheat 
insects, see Extension Bulletin 545, Insect Pests of Field 
Crops, which is available on the Internet at: http://
ohioline.osu.edu/b545/index.html .

Table 6-13: Insecticides Used on Small Grains.

Chemical CLB CAW GB PHL

Dimethoate† X 35

Lannate*† X X X 7/10

Malathion† X X X 0-7

Mustang MAX*† X X X 14

Penncap-M*† X X 15

Phaser† X X X Do not apply after 
heads begin to form. 

Sevin† X X X 21

Tracer† X X 21

Warrior*† X X X 30

CLB = Cereal leaf beetle 
CAW = Common armyworm 
GB = Greenbug 
PHL = Pre-harvest limitation; waiting period required (in days) 
before harvest or foraging. 

*  Use is restricted to certified applicators only. 
†   These compounds are highly toxic to bees exposed to direct 

treatment or residues on blooming crops or weeds. Do not 
apply these products or allow them to drift to blooming crops 
or weeds if bees are visiting the treatment area. 

Weed Control
Wheat competes well with weeds, especially when 
good production techniques result in an initial uniform 
stand establishment and when loss of stand due to 
winter injury is minimal. Effective weed control and 
prevention of weed seed production in prior crops 
will reduce the risk of weed problems in wheat. Some 
wheat fields can benefit greatly from herbicide applica-
tion, and failure to scout fields and take the appropri-
ate measures can result in yield loss and harvesting 
problems in these fields. The weeds that appear above 
the wheat canopy late in the season, such as ragweed 
and Canada thistle, can often be easily controlled with 
a spring herbicide treatment. The most common weed 
problems in wheat are: 
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 1. Winter annual weeds, such as common chick-
weed, purple deadnettle, shepherdspurse, and 
field pennycress. These weeds become estab-
lished in the fall along with the wheat and can 
interfere with early development of wheat in 
the spring. Dense populations of winter annual 
weeds should be controlled in late fall or early 
spring to minimize interference with wheat 
growth. 

 2. Wild garlic, which contaminates harvested grain 
with its bulblets. Several herbicides are effective 
if applied in the spring after garlic has several 
inches of new growth. 

 3. Canada thistle, which can greatly suppress 
wheat growth due to its tendency to occur in 
dense patches. Most wheat herbicides have 
some activity on thistle and can suppress it ad-
equately, if not applied too early in spring. 

 4. Summer annual broadleaf weeds, such as com-
mon and giant ragweed, which can begin to 
emerge in late March. A healthy wheat crop can 
adequately suppress these weeds, but herbicide 
application is occasionally warranted. 

It is very important to apply herbicides at the correct 
stage of growth (Figure 6-4) of the wheat plants in 
order to avoid herbicide injury to the wheat. When 
wheat has not yet reached the jointing stage, any her-
bicide labeled for wheat can be safely applied. As the 
wheat growth stage advances past jointing and then 
past boot stage, herbicide choices become much more 
limited. Most herbicides can be applied in nitrogen 
fertilizer solution when the wheat is top-dressed. This 
may increase injury somewhat, and some labels recom-
mend adjusting surfactant rates to minimize injury. 

Complete information on herbicides available for use 
on wheat, effectiveness of herbicides on individual 
weeds, and proper timing of herbicide applications can 
be found in the small grain section of OSU Extension 
Bulletin 789, Weed Control Guide for Ohio Field Crops, 
available from OSU Extension county offices or on the 
Internet at: http://ohioline.osu.edu/b789/index.html . 
Table 6-14 contains the formulations, application rates, 
and time of the most commonly used herbicides. Con-
sult product labels for crop rotation restrictions and 
tank mix recommendations.

Table 6-14: Herbicides for Use in Wheat.

Product Formulation Rate per Acre Application Timing

Curtail 2.38L 2 to 2-2/3 pts Spring after four leaves and tillering, and up to jointing.

Express 75DF 1/6 to 1/3 oz Spring after two leaves, but before flag leaf is visible.

2,4=D Amine 
2,4-D Ester

4lb/gal 1/2 to 2 pt Spring after tillering, but before jointing. Some labels allow application 
before early boot.

MCPA Amine 
MCPA Ester

4lb/gal 1/2 to 2 pt 
1/2 to 1-1/2 pt

Spring after tillering, but before jointing.

Buctril, Moxy 2S 1 to 2 pt Fall or spring, but before boot stage.

Banvel, others 
Banvel SGF

4L 
2L 

2 to 4 oz 
4 to 8 oz

Fall or spring after wheat emergence, and before jointing begins.

Harmony Extra 
Harmony GT

75DF 
75DF 

0.3-0.6 oz 
0.3-0.6 oz

Fall or spring after two-leaf stage and before flag leaf is visible.

Peak 57DF 0.5 oz Fall or spring after three-leaf stage, but before second node is visible on 
stem.

Stinger 3L 1/4 to 1/3 pt Spring from three-leaf stage up to early boot.
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Figure 6-4. Wheat growth stages and herbicide application.
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Table 6-15 compares the relative effectiveness of her-
bicides on individual weeds. Ratings are based on 
labeled application rate and weed size or growth stage. 
Performance may vary due to weather and soil condi-
tions, or other variables. 

Weed control rating: 9 = 90% to 100%; 8 = 80% to 90%; 
7 = 70% to 80%; 6 = 60% to 70%; 5 = 50% to 60%; 0 = 
less than 50% control. N = No Information.

Table 6-15: Weed Response to Herbicides in Small Grains.

Weed 2,4-D MCPA Banvel Buctril Curtail Harmony Extra Harmony GT Express Stinger Peak

Mode of Action G G G P G A A A G A

Winter Annual 
Buckwheat, Wild 5 8 9 9 9 8 8 8 9 8

Chickweed, Common 5 5 6 6 5 9 7 5 0 7

Henbit 5 5 6 8 5 9 7 7 0 7

Lettuce, Wild 9 9 8 6 9 8 7 9 8 8

Marestail 8 8 9 6 8 7 5 5 9 5

Mustard spp. 9 9 6 9 9 9 9 9 0 9

Pennycress, Field 9 9 6 8 9 9 9 9 0 9

Shepherdspurse 9 9 8 8 9 9 9 8 0 8

Dead Nettle, purple 5 5 0 N 5 8 7 9 0 7

Summer Annual 
Lambsquarters, 
Common

9 9 9 9 9 9 9 9 0 7

Nightshade, Black 8 8 9 9 9 0 0 0 9 5

Pigweed spp. 9 9 9 7+ 9 9 9 8 0 9

Ragweed, Common 9 9 9 9 9 0 0 0 9 9

Ragweed, Giant 9 9 9 8 9 0 0 0 9 7

Smartweed 6 7 9 9 8 9 9 8 8 7

Velvetleaf 9 9 8 9 8 8+ 9 0 0 8

Perennial 

Dandelion 9 8 8 0 9 6 6 0 9 N

Garlic, Wild 7 5 5 0 0 9 9 6 0 8

Thistle, Canada 7 5 7+ 6 9 7 3 8 9 6

Mode of action: G = Growth regulator; P = Photosynthesis inhibitor; A = ALS inhibitor.

Weed con�
Information.
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Production of Other Small  
Grain Species
Fertilizer recommendations for the other small grain 
species are provided in Tables 6-16 through 6-18. Weed 
control recommendations can be found on the Internet 
at: http://www.agcrops.osu.edu/weeds, and insect 
control recommendations can be found in Extension 
Bulletin 545, Insect Pests of Field Crops, available at: 
http://entomology.osu.edu/ag/ . 

Spelt
Spelt, sometimes referred to as Speltz, is a type of 
wheat not considered in the official grain standards. 
Spelt is primarily used as part of the grain ration for 
livestock and is usually ground or milled before feed-
ing. It is an excellent replacement for oats in rations 
needing bulkiness. Spelt can be grown in areas where 
winter wheat safely survives the winter. Common 
spelt is very susceptible to leaf rust, powdery mildew, 
stinking smut, and loose smut. Spelt is tall, with mod-
erately weak straw, and late maturing compared with 
most wheat varieties. Because spelt does not thrash 
completely free of its surrounding chaff, there is no 
official bushel weight. Usually, 20% to 30% of its total 
weight is the surrounding chaff. This should be consid-
ered when comparing yields with wheat. Treatment of 
the seed with a fungicide prior to planting helps pre-
vent a disease problem, but the fungicide label should 
be consulted for clearance before use on spelt. Spelt 
has similar susceptibility to insects as wheat.

Currently available varieties include Champ, Comet, 
Oberkulmer, and Sava. Spelt should be managed like 
wheat except for the seeding rate (15 to 20 seeds per 
foot of 7.5-inch row or two to three bushels per acre) 
and nitrogen application rate of 50% to 70% that of 
wheat. Spelt should not be planted following wheat, 
and the fly-safe date should be adhered to. Mature 
grain standing in the field dries more rapidly after 
rain than the other small grains because of the water 
shedding characteristics of the grain chaff. Combine 
settings include a slow cylinder speed (similar to soy-
beans) and very little air to the screens.

Spring Oats
Several varieties of spring oats (Armor, Burton, Jay, 
Ogle, Ida, and Gooding) having high yield potentials, 
good test weight, and stiff medium-short straw are 
available. Some varieties are resistant to the com-
mon diseases of oats. Spring oats is the first crop to be 
planted in the spring. Therefore, the selection of fields 

with well-drained soil is essential to permit timely 
planting. Spring oats should be seeded as early in the 
spring as soil conditions permit, preferably between 
March 1 and April 15. Grain yields decrease rapidly as 
seeding is delayed past mid-April. The proper seeding 
rate is 15 to 20 seeds per foot of 7.5-inch row (75 to 100 
pounds of high-quality seed per acre). The seed should 
be planted no more than one inch deep to assure rapid 
emergence. Although oats can be established using no-
till seeding techniques, little if any crop residue should 
be present to allow the soil to warm rapidly and aid 
germination and emergence. Fall preparation of the 
seedbed eliminates the need for tillage in the spring 
and sometimes permits earlier planting than when till-
age is needed. This technique also eliminates the soil 
compaction associated with soil preparation. 

Soil pH should be above 6.0 unless a legume is also 
seeded, in which case the soil pH should be 6.5 to 7.0. 
Phosphate and potash should be applied in the fall. Ni-
trogen should be applied in the spring anytime before 
emergence. 

Winter Barley
Although barley is an excellent animal feed and eas-
ily replaces corn in rations, very little winter barley 
is grown in Ohio because of a general lack of winter 
hardiness. If grown, barley should be seeded between 
September 15 and 30 to increase its chances of surviv-
ing the winter. Seed 15 to 20 seeds per foot of 7.5-inch 
row (90 to 120 pounds of high-quality seed per acre).
The soil pH should be between 6.5 and 7.0, and recom-
mended levels of phosphorous will improve winter 
survival. Twenty pounds of nitrogen per acre and the 
recommended phosphate and potash should be ap-
plied preplant. 

Spring Barley
Yield performance of spring barley in Ohio has been 
very poor, and it is an unprofitable crop to produce.

Triticale
Triticale is a human-made species resulting from a 
cross of wheat (Triticum) and rye (Secale). Hybrids of 
wheat and rye crosses date back to 1875, but intensive 
work on such hybrids was started only about 30 years 
ago at the University of Manitoba. Both winter and 
spring types have been developed. The protein content 
of triticale is normally higher than wheat, and the ami-
no acid composition of the protein is similar to wheat. 
Feeding trials have found triticale to be unsatisfac-
tory for hogs, and triticale produced less weight gain 
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and feed efficiency in beef cattle than barley. Forage 
yields have been similar to wheat and rye. The cultural 
practices and fertilization practices recommended for 
wheat are satisfactory for triticale. 

Winter Rye
Winter rye is usually used as a winter cover crop 
because of its tolerance to adverse growing environ-
ments. Winter rye is the most winter-hardy and earli-
est-maturing cereal grain grown in Ohio. It is more 
productive than other cereals on infertile, sandy, or 
acidic soils, and on poorly prepared land. When used 
as winter cover, winter rye is usually seeded at a rate 
of 60 to 90 pounds per acre. When grown for grain pro-
duction, winter rye should be seeded between Septem-
ber 20 and October 20 at a rate of 85 to 115 pounds of 
high-quality seed per acre. The seed should be planted 
one inch deep. When used as a winter cover crop or a 
green manure crop, it should be seeded in early Sep-
tember. Fertilization is similar to wheat, but nitrogen 
application should be limited to 50 pounds per acre. 
Rye competes well with weeds, and herbicides are gen-
erally not needed. Bromoxynil (Buctril), MCPA, and 
2,4-D are labeled for use. 

Few diseases attack rye, but Ergot can be a serious 
problem. Rye is attacked by most of the insects that 
attack other small grains. 

Table 6-16: Recommended Nitrogen for Small Grains  
(lb N per Acre).

Crop Yield Goal  
(bu per acre)

Wheat 50    70*     90*

Barley 65    90   115

Oats 90  120   150

Spring Application (Wheat, Spelt) 40**    75**   110**

Spring Application (Barley) 55**    95**   135**

Spring Application (Oats) 60**    90**   125**

Spring Application (Rye) 60**    90**     60**

*    Use short, stiff-strawed varieties.
**  Reduce nitrogen rate by 40 lbs per acre on dark colored soils.

Table 6-17: Examples of Phosphorus (Expressed as  
lb P2O5/A) Recommended for Small Grains (Grain 
Removal Only).

Crop Yield Goals  
(bu per acre)

Soil Test Value Barley, Wheat, Spelt 50 70 90

Oats 100 130 160

Rye 30 45 60

lb P per acre PPM
Annual  

Recommendation
30 15 80 95 115

40 20 55 70 90

50–80 25–40 30 45 65

90 45 15 25 35

100 50 0 0 0

Table 6-18: Examples of Potassium (Expressed As K2O/A) Recommended for Small Grain (Grain Removal Only).

Crop Yield Goals (bu per acre)

Barley, Wheat, Spelt 50 70 90

Oats 100 130 160

Rye 30 45 60

C.E.C. C.E.C. C.E.C.

Soil Test Value 10 20 30 10 20 30 10 20 30

lb K/A PPM Annual Recommendation
50 25 150 190 230 160 195 240 165 255 300

150 75 75 140 225 85 145 235 90 155 240

250 125 40 65 100 45 65 110 50 55 115

350 175 0 0 40 0 0 20 0 0 0

450 225 0 0 20 0 0 0 0 0 0
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Weed Control for Small Grains
Winter small grains usually compete quite well with 
most weeds, especially when sound management prac-
tices are used to produce a good stand. Most broadleaf 
weeds that do become a problem can be controlled 
with herbicides. These herbicides reduce small grain 
yields if applied at the incorrect stage of growth. 
Grasses usually do not become an economic problem 
in small grains, and at the present time, no herbicides 
are available to control grasses if a problem with grass-
es occurs. Small grains are very sensitive to triazine 

residues. To avoid an atrazine or simazine residue 
problem, do not use either of these products for weed 
control in corn when a small grain crop will be seeded 
that fall and no more than 0.8 pound active ingredient 
per acre (1 lb per acre 80WP, 0.9 lb per acre of Nine-O, 
or 0.8 qt per acre of 4L) when oats will be planted the 
following spring.

Specific chemical weed control recommendations for 
small grains can be found in Extension Bulletin 789, 
Weed Control Guide for Ohio Field Crops, available from 
the county Extension offices or on the Internet at: 
http://ohioline.osu.edu/b789/index.html .
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Chapter 7
Forage Production
R. Mark Sulc and David J. Barker

The forage industry plays a major role in Ohio ag-
riculture. Approximately 30% of the total economic 
output from farming in Ohio is derived from meat 
and milk products ($2.4 billion). In Ohio there are 1.23 
million cattle and calves valued at more than $1 bil-
lion. Ohio ranks 10th in the nation in number of milk 
cows (258,000 head), 30th in beef cows (262,000 head), 
and 12th in sheep and lamb inventory (140,000 head). 
About 36% of Ohio farms have cattle and calves. In 
2003, nearly four million tons of hay were produced 
(17th in the nation) on 1.35 million acres. Pastures 
comprise more than 2.1 million acres of Ohio’s total 
farmland.

Forages are environmentally friendly. They protect 
soils from erosion, improve soil tilth, help reduce pes-
ticide use, and enhance agricultural profitability. For-
ages are vital to Ohio agriculture, protect our soil and 
water resources, and add beauty to the state. 

All forage crops respond dramatically to good man-
agement practices. Higher yields, better forage quality, 
and improved persistence result from paying attention 
to the basics of good forage management. The objec-
tive of this guide is to help producers achieve the high 
potential of forages grown in Ohio.

Perennial Forages

Species Selection
The selection of forages for hay, pasture, and conserva-
tion is an important decision requiring knowledge of 

agronomic characteristics, forage species adaptation 
to site and soil characteristics, and potential feeding 
value of forage plants. The intended use of forages, 
dry matter and nutritional requirements of livestock to 
be fed, seasonal feed needs, harvest and storage capa-
bilities, and seasonal labor availability influence which 
species to grow.

Agronomic Adaptation and Intended Use
Tables 7-1 and 7-2 outline the agronomic adaptation 
and characteristics of some of the more important for-
ages grown in Ohio. Because the choice of species is 
limited to those adapted to the soils on the farm, the 
soil adaptation factors in Table 7-1 should be studied 
carefully. 

Useful soil information describing the limitations of 
a particular soil for forage production can be found 
in county soil survey books. Keep in mind that soil 
pH can be increased with lime; soil fertility can be im-
proved with fertilizers and manure; and soil drainage 
can be improved with tiling. Soil drainage is usually 
the most difficult soil characteristic to modify. 

The brief discussion of individual species presented 
here will also help in determining which species are 
best suited to a particular enterprise. Table 7-3 gives 
commonly recommended species to consider for gen-
eral soil fertility classes and forage utilization methods. 
The information here is by no means exhaustive, but it 
does cover the most common forages adapted to Ohio 
conditions.
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Table 7-1: Agronomic Adaptation and Characteristics of Perennial Forages Grown in Ohio.

Forage  
Species

Minimum 
Adequate 
Drainage1 

Tolerance to  
pH < 6.0

Adequate Soil  
Fertility

Drought  
Tolerance Persistence Seedling Vigor Growth Habit

Legumes

Alfalfa WD Low High to 
medium

High High High Bunch

Alsike clover PD High Medium to low Low Low Low Spreading

Birdsfoot 
trefoil

SPD High Medium Medium Medium Low Bunch

Kura clover PD Medium Medium Medium High Low Spreading

Red clover SPD Medium Medium Medium Low High Bunch

White clover PD Medium Medium Low High Low Spreading

Crownvetch WD Medium Medium High High Low Spreading

Sweetclover WD Low High to 
medium

High Biennial Medium Bunch

Cool-Season Grasses and Forbs

Festulolium SPD Medium Medium to 
high

Low Low Very high Bunch

Kentucky 
bluegrass

SPD Medium Medium Low High Low Dense Sod 

Orchardgrass SPD Medium Medium Medium Medium High Bunch

Perennial 
ryegrass

SPD Medium Medium to 
high

Low Low Very high Bunch

Reed 
canarygrass

VPD High Medium to 
high

High High Low Open sod

Smooth 
bromegrass

MWD Medium High High High Medium Open sod

Tall fescue SPD High Medium Medium High High Variable2

Timothy MWD Medium Medium Low High Low Bunch

Chicory MWD Medium Medium to 
high

High Medium High Bunch

Warm-Season Grasses

Switchgrass SPD High Low to medium Excellent High Very low Bunch

Big bluestem MWD High Low to medium Excellent High Very low Bunch

Indiangrass MWD High Low to medium Excellent High Very low Bunch

Eastern 
gamagrass

PD High Medium to 
high

Good High Very low Bunch

1   Minimum drainage required for acceptable growth. WD = well drained; MWD = moderately well drained; SPD = somewhat poorly 
drained; PD = poorly drained; VPD = very poorly drained.

2  Under lax cutting, tall fescue has bunchy growth; under frequent cutting or grazing, it forms a sod. 
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Table 7-2: Suitability of Perennial Forage Species to Different Types of Management and Growth Characteristics.

Species
Frequent, 

Close Grazing
Rotational 

Grazing Stored Feed Periods of Primary Production Relative Maturity1

Legumes
Alfalfa x2 • n Spring, summer, early fall Early-medium

Alsike clover x • • Spring, early summer, fall Late

Birdsfoot trefoil x n n Spring, summer, early fall Medium-late

Kura clover • n x Spring, early summer, early fall Medium-late

Red clover x • n3 Spring, summer, early fall Medium-late

White dutch clover n n x Spring and fall Early-medium

White clover, ladino x n • Spring, early summer, fall Early-medium

Cool-Season Grasses and Forbs
Festulolium x4 n n3 Spring, early summer, fall Medium

Kentucky bluegrass n n • Early spring and late fall Early

Orchardgrass x4 n n Spring, summer, fall Early-medium

Perennial ryegrass x4 n n3 Spring and fall Medium

Reed canarygrass x n n Spring, summer, fall Medium-late

Smooth bromegrass x • n Spring, summer, fall Medium-late

Tall fescue x n n Spring, summer, fall Medium-late

Timothy x • n Late spring and fall Late

Chicory x n x Spring, summer Early

Warm-Season Grasses
Switchgrass x n n Summer Very late

Big bluestem x n n Summer Very late

Indiangrass x n n Summer Very late

Eastern gamagrass x n • Summer Very late

1   Relative time of flower or seedhead appearance in the spring. Depends on species and variety. Warm-season grasses mature in 
midsummer; exact time varies by species.

2  n = Highly suitable; • = suitable; x = not recommended
3  Silage preferred; difficult to cure for dry hay.
4  Can tolerate frequent grazing if a three- to four-inch stubble is maintained.

Table 7-3: Suitability of Perennial Forage Species to Different Soil Fertility Classes and Methods of Utilization.

Medium to high fertility soils, for hay and silage
Alfalfa, birdsfoot trefoil, crownvetch, red clover
Festulolium, orchardgrass, perennial ryegrass, reed canarygrass, smooth bromegrass, tall fescue, timothy
Switchgrass, big bluestem, Indiangrass

Medium to high fertility soils, pasture production
Alfalfa, alsike clover, birdsfoot trefoil, Kura clover, red clover, white clover, chicory
Festulolium, Kentucky bluegrass, orchardgrass, perennial ryegrass, reed canarygrass, smooth bromegrass, tall fescue, timothy
Switchgrass, big bluestem, Indiangrass, eastern gamagrass

Low to medium fertility soils, for hay and silage
Red clover, alsike clover, birdsfoot trefoil
Orchardgrass, tall fescue, timothy
Switchgrass, big bluestem, Indiangrass

Low to medium fertility soils, pasture production
Alsike clover, birdsfoot trefoil, Kura clover, white clover
Kentucky bluegrass, orchardgrass, tall fescue
Switchgrass, big bluestem, Indiangrass
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Pure Stands vs. Mixtures
The decision to establish a pure stand or a mixture 
should be made before deciding which species to 
plant. Advantages of pure grass or legume stands are 
simpler management, more herbicide options, and 
greater forage-quality potential. Pure legume stands 
decline in forage quality more slowly with advancing 
maturity than do grasses, providing a wider window 
of opportunity for harvesting good-quality forage.

Legume-grass mixtures are common in Ohio and are 
generally more satisfactory for pastures than are pure 
stands. Grass-legume mixtures are often higher yield-
ing and have more uniform seasonal production than 
pure stands. Including legumes in a mixture reduces 
the need for nitrogen fertilizer, improves forage quality 
and animal performance, and reduces the potential for 
nitrate poisoning and grass tetany compared with pure 
grass stands. Including grasses in a mixture usually 
lengthens the life of a stand because they persist longer 
and are more tolerant of mismanagement than le-
gumes. Grasses reduce the incidence of bloat, improve 
hay drying, are usually more tolerant of lower fertil-
ity, and compete with weeds more than legumes. The 
fibrous root system of grasses helps control erosion on 
steep slopes and reduces legume heaving. Growing 
grasses and legumes together often reduces the losses 
from insect and disease pests. 

Mixtures for Hay and Silage
Keep mixtures relatively simple for hay or silage use; 
two to four species are usually sufficient. Hay and 
silage cutting schedules are easier to manage with sim-
ple mixtures. Select grass and legume species to build 
simple mixtures for hay or silage using the following 
criteria:

• Adaptation
 All species in the mixture should be adapted to the 

prevailing soil conditions (drainage, soil moisture-
holding capacity, soil pH, fertility, etc.).

• Rate of establishment
 Combine species with fairly similar seedling ag-

gressiveness. Persistent plant species are often the 
least competitive in the seedling stage. Excessive 
seedling competition in a shotgun mixture can 
prevent persistent and desirable species from be-
coming established. An exception to this rule is the 
use of companion crops, or fast-establishing short-
lived perennial or annual species used to achieve 
quick ground cover. Small grains and annual or 
perennial ryegrass are often used for this purpose. 
Keep seeding rates of these temporary companions 

low to avoid excessive competition with the slow-
er-establishing perennial species.

• Time of maturity
 Species and varieties in a mixture should mature 

at about the same time and match your intended 
harvest schedule. There is considerable variation in 
maturity of grass species and varieties. Such infor-
mation is often collected in variety testing trials. 

• Management compatibility
 Select species that are well adapted to the intended 

management. For example, orchardgrass is com-
patible with alfalfa on a four-cut schedule because 
it regrows quickly, while timothy and smooth 
bromegrass are compatible with alfalfa on a more 
lenient three-cut schedule.

• Summer production
 Alfalfa produces very well during the summer 

months while birdsfoot trefoil and red clover gen-
erally produce less summer yield. Of the grasses, 
orchardgrass and reed canarygrass produce the 
best summer growth. Smooth bromegrass pro-
duces moderate to light summer aftermath, and 
timothy, meadow fescue, and perennial ryegrass 
are usually low yielding in the summer months. 
Moisture and temperature conditions affect after-
math production of cool-season grasses more than 
alfalfa.

• Variety Performance
 Use variety testing data to select species and va-

rieties that have stable yield performance over 
multiple locations and years, which demonstrates 
good adaptation to a wide range of conditions. 
Performance over years demonstrates yield persis-
tence with advancing stand age and is especially 
important for long rotations. For Ohio variety test 
data and links to data in other states, see: http://
www.ag.ohio-state.edu/~perf/ .

• Disease and pest resistance
 Select species and varieties with resistance to key 

insects and diseases for your soils. For example, 
Phytophthora root rot and Fusarium wilt resistance 
in alfalfa are very important on soils with sub-op-
timal drainage, while potato leafhopper resistant 
alfalfa is useful across all of Ohio.

• Forage quality
 Varieties with improved forage quality are avail-

able in some species, such as alfalfa. If high for-
age quality is very important, then select varieties 
based on this trait.
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Mixtures for Pastures
Simple mixtures are desirable for hay and silage man-
agement, but recent studies demonstrate that complex 
mixtures of six or more species provide greater stabil-
ity of forage production under grazing. Soil and envi-
ronmental variability is usually high in pastures and, 
therefore, it is more difficult to predict which species 
will perform best across the variable landscape. Spe-
cies dominance and spatial distribution in a pasture 
will be affected by variability in fertility, soil drainage, 
slope aspect (north or south facing), and animal traffic 
and grazing patterns, among other factors that influ-
ence the microenvironment. In addition, species vary 
in productivity during different seasons, i.e., between 
spring and summer grazing periods. Select grasses 
and legumes that fit the general soil conditions and 
management characteristics and that are not drastically 
different in palatability.

Seeding Rates
Table 7-4 gives recommended seeding rates for indi-
vidual species in pure stands and for mixtures. Seeding 
rate recommendations are related to seed size, germi-
nation, seedling and established plant vigor, spreading 
characteristics, and mature plant size. For example, 
more seeds per square foot are recommended for spe-
cies with low seedling vigor and smaller mature plant 
size (e.g., Kentucky bluegrass) in order to improve 
establishment success and competitiveness of that spe-
cies in a mixture or against weed encroachment. In-
creasing seeding rates above the recommended levels 
does not compensate for poor seedbed preparation or 
improper seeding methods. 
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Table 7-4: Seeding Rates of Pure Live Seed (PLS) for Forages Grown in Ohio.

Species Seeds/lb

Pure Stand 
Seeding Rate

Proportional Seeding Rates for Mixtures1

¾ ½ 1/3 ¼ 1/8

(x 1000) (seeds/ft2) (lb/A) lb/A 

Perennial Legumes

Alfalfa 227 80 15 12 8 5 4 2

Alsike clover 700 150 9 7 5 3 2 1

Birdsfoot trefoil 375 80 9 7 5 3 2 1

Kura clover 227 30 6 4 3 2 1.5 1

Red clover 275 70 11 8 6 4 3 1.5

White clover 860 100 5 4 3 2 1 0.5 

Crownvetch 140 30 9 7 5 3 2 1

Perennial Grasses and Forbs

Festulolium 227 130 25 19 12 8 6 3

Kentucky bluegrass 2200 500 10 7 5 3 2 1

Orchardgrass 590 130 10 7 5 3 2 1

Perennial ryegrass 237 130 24 18 12 8 6 3

Reed canarygrass 550 130 10 8 5 3 2.5 1

Smooth bromegrass 137 50 16 12 8 5 4 2

Tall fescue 227 80 15 12 8 5 4 2

Timothy 1230 220 8 6 4 3 2 1

Big bluestem 150 40 12 9 6 4 3 1

Eastern gamagrass 7.4 1.5 9 7 4 3 2 1

Indiangrass 175 50 12 9 6 4 3 1.5

Switchgrass 370 80 9 7 5 3 2 1

Chicory 375 50 6 4 3 2 1.5 1

Annuals and Biennials

Annual ryegrass 228 125 24 18 12 8 6 3

Kale 140 12 4 – – – – –

Pearl millet 85 40 20 – – – – –

Oats, spring 15 30 87 65 44 29 22 11

Rape 145 12 4 – – – – –

Rye, winter 18 45 109 – – – – –

Sorghum, forage 28 8 12 – – – – –

Sorghum-sudangrass 28 15 23 – – – – –

Sudangrass 55 30 24 – – – – –

Swede 200 8 2 – – – – –

Turnip 190 8 2 – – – – –

Triticale 16 40 109 – – – – –

Sweetclover 250 70 12 9 6 4 3 2

Winter wheat 15 40 116 – – – – –

1  Seeding rates for stated proportions of the seeding rate in pure stands. 
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There is no reliable way to predict that a specific pro-
portion sown will result in an equivalent proportion 
of established plants in a mixed species seeding. The 
seeding rates shown for mixtures are simply varying 
percentages of the pure stand seeding rate recommen-
dation. Use your best judgment to adjust the seeding 
rate for each species based on the relative proportion 
desired of that species in the mixture (see shaded box 
below). Complex mixtures will often result in a higher 
overall seeding rate (in seeds per square foot) than 
simpler mixtures. This is simply a function of having 
more component species, each one seeded above a 
minimum level, to provide an opportunity for it to es-
tablish and compete in the microenvironments where 
it is best adapted. 

Examples of Seeding Rates for Mixtures
Simple Hay Mixture: For an orchardgrass base with 
a small percentage of red clover, sow orchardgrass 
at the three-quarter rate (7 lb/acre) and red clover 
at the one-quarter rate (3 lb/acre) shown in Table 
7-4.

Complex Pasture Mixture: Orchardgrass is known 
to be slightly more dominant than several other 
species in a complex mixture. Sow orchardgrass at 
the one-third rate and the other species at a lower 
proportional rate—orchardgrass (3 lbs/acre), festu-
loleum (3 lb/acre), smooth bromegrass (4 lb/acre), 
red clover (2 lb/acre), ladino clover (1 lb/acre), and 
chicory (1.5 lb/acre). 

Characteristics of Perennial  
Cool-Season Forages

Alfalfa (Medicago sativa L.)
Alfalfa is grown on about one-half of the total hay 
acres in Ohio. Where adapted, it is unmatched by any 
other forage as high-quality feed for livestock and as 
a cash crop. Alfalfa requires deep, well-drained soils 
with near-neutral pH (6.5 to 7.0) and high fertility for 
high yields. It should not be grown on soils with mod-
erate to poor drainage. Alfalfa is best adapted to hay 
or silage harvest management. While it can be used 
in rotationally grazed pastures, it normally lacks per-
sistence in permanent pastures compared with other 
legumes. Like most legumes, it can cause bloat. Alfalfa 
has good seedling vigor, excellent drought tolerance, 
and produces very well in the summer. Important 
insect pests on alfalfa include the alfalfa weevil and 
potato leafhopper.

To capitalize on alfalfa’s potential, select newer high-
yielding alfalfa varieties with adequate winter har-
diness and resistance to important diseases. Recent 
improvements in alfalfa varieties include selection for 
multiple disease resistance, forage quality, and high 
levels of resistance to potato leafhopper. Recent stud-
ies in Ohio have demonstrated that new varieties with 
multiple pest resistance provide higher yields and 
greater stand persistence with less weed invasion than 
older varieties with less disease resistance. Varieties 
are becoming available with improved tolerance to 
traffic. When selecting varieties, always evaluate per-
formance data across multiple locations when possible. 
For more information on varieties, see the Ohio Forage 
Performance Trials, available at Extension offices and 
online at: http://www.ag.ohio-state.edu/~perf/. 

Alsike Clover (Trifolium hybridum L.)
Alsike clover is a short-lived perennial legume that is 
tolerant of wet, acidic soils. Alsike tolerates soils with 
a pH as low as 5.0, which is too acidic for red clover 
and alfalfa. Alsike also grows better than red clover 
on alkaline (high pH) soils. Alsike tolerates flooding 
better than other legumes, making it well suited for 
low-lying fields with poor drainage. Alsike can with-
stand spring flooding for several weeks. A cool and 
moist environment is ideal for alsike clover growth; it 
has poor heat and drought tolerance, thus usually pro-
duces only one crop of hay per year. It is susceptible to 
the same diseases that attack red and white clovers. Its 
growth habit is intermediate between red and white 
clover. Alsike clover must be allowed to reseed to 
maintain its presence in pastures; otherwise it will last 
only about two years. Alsike clover has good palat-
ability, but it can cause bloat and photosensitization in 
grazing animals.

Birdsfoot Trefoil (Lotus corniculatus L.)
Birdsfoot trefoil is a deep-rooted perennial legume that 
is best adapted to northern Ohio. Birdsfoot trefoil is 
tolerant of low-pH soils (as low as pH 5.0), moderate 
to somewhat poor soil drainage, marginal fertility, and 
soils with fragipans. Birdsfoot trefoil can withstand 
several weeks of flooding and tolerates periods of 
moderate drought and heat. Birdsfoot trefoil has poor 
seedling vigor and is slow to establish. Early spring 
seedings are generally more successful than late sum-
mer seedings. It is subject to invasion by weeds when 
grown in pure stands; therefore, it is best seeded with a 
grass companion. It produces excellent quality forage, 
has fair palatability, stockpiles well, and unlike most 
forage legumes, it is non-bloating. Birdsfoot trefoil 
should be managed to allow for reseeding, which will 
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help maintain its presence in forage stands. It is intol-
erant of close cutting or grazing, has slow recovery 
after hay harvest, and is susceptible to root and crown 
rot diseases.

Empire-type varieties have prostrate growth and fine 
stems, making them better suited to grazing. Euro-
pean-type varieties are more erect, establish faster, and 
regrow faster after harvest. Thus, they are better suited 
to hay production and rotational grazing. Most of the 
newer varieties are intermediate with semi-erect to 
erect growth habit.

Kura Clover (Trifolium ambiguum Bieb.)
Kura clover is a relatively new species to Ohio. It is 
a perennial clover originating in Caucasian Russia. 
Kura clover has rhizomes, underground modified 
stems that spread new plants into empty spaces. It is 
a very hardy legume that is best adapted to long-term 
permanent pastures. It will tolerate continuous stock-
ing and is very persistent once established. It has an 
extensive root system. In university tests, stand density 
improved over time. Superior animal performance on 
rotationally stocked mixed grass pastures containing 
Kura clover was associated with greater forage yield 
and nutritive value compared to red clover/grass pas-
tures. 

Kura clover tolerates low fertility, soil acidity, wet soils, 
and moderate flooding. Although it stops growing 
during a drought, its deep root system ensures excel-
lent drought survival. Its major limitation is poor seed-
ling vigor and slow establishment. It requires a specific 
Rhizobia inoculant. The forage grazed by livestock is 
primarily leaves (like white clover) and is very high 
in nutritive value. If sufficient grass is not present, it 
can induce bloat in ruminants. Its low-growing growth 
habit and high moisture content make it difficult to use 
for hay.

The first variety of Kura clover released in the United 
States was ‘Rhizo.’ Other varieties have followed, such 
as ‘Cossack’ and ‘Endura.’

Red Clover (Trifolium pratense L.)
Red clover is a short-lived perennial legume grown for 
hay, silage, pasture, and green manure. Red clover is 
better adapted than alfalfa to soils that are somewhat 
poorly drained and slightly acidic; however, great-
est production occurs on well-drained soils with high 
water-holding capacity and pH above 6.0. Red clover 
is not as productive as alfalfa in the summer. It has 
good seedling vigor and is one of the easiest legumes 
to establish using no-till interseeding or frost-seeding 

techniques. Under Ohio weather conditions, red clover 
is often difficult to dry for hay storage. Harvesting for 
silage or including a grass in the stand helps overcome 
this problem. When grazed, red clover can cause bloat 
in cattle if sufficient grass is not present.

Medium red clover varieties can be harvested three 
to four times per year. Mammoth red clover is late to 
flower and is considered a single-cut clover because 
the majority of its growth occurs in the spring. Most 
of the improved varieties are medium types and have 
good levels of disease resistance to northern and 
southern anthracnose and powdery mildew. Several 
new medium red clover varieties have demonstrated 
good stand persistence for three or even four years in 
university trials (see: http://www.ag.ohio-state.edu/
~perf/ , 2003 report).

White Clover (Trifolium repens L.)
White clover is a low-growing, short-lived perennial 
legume that is well suited for pastures. It can cause 
bloat in cattle if sufficient grass is not present for graz-
ing. White clover improves forage quality of grass 
pastures and reduces the need for nitrogen fertilizer. 
White clover can be frost seeded or no-till seeded into 
existing grass pastures. It spreads by stolons. It has a 
shallow root system, so it does not tolerate prolonged 
dry spells and usually has lower summer growth. Al-
though well-drained soils improve production, white 
clover tolerates periods of poor drainage. It can be 
managed for reseeding to improve persistence in pas-
tures.

Large white clover types, also known as Ladino clo-
vers, are more productive than the smaller type White 
Dutch or wild white clovers. Wild white clovers persist 
better under heavy, continuous grazing because they 
are prolific reseeders. Purchase seed of stated quality 
to be certain of obtaining pure seed of the white clover 
variety desired.

Crownvetch (Coronilla varia L.)
Crownvetch is a long-lived perennial that is most com-
monly used for soil erosion control, beautification, 
highway embankments, mine spoil areas, and other 
disturbed areas. It spreads by creeping underground 
rootstocks and has a deep taproot and numerous lat-
eral roots. Crownvetch is best adapted to well-drained, 
fertile soils with a pH of 6.0 or above, although it is 
somewhat tolerant of moderately acid and infertile 
soils. It has slow seedling development, and seedlings 
are very sensitive to competition, so do not use a com-
panion crop and provide good weed control during 
establishment. If planted with grasses, use less com-
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petitive grasses such as timothy or Kentucky bluegrass 
rather than orchardgrass or tall fescue. Animals do 
not readily accept crownvetch forage and must be ac-
climated to it. Good stands of crownvetch have been 
maintained under a two-cut hay harvest and under 
lenient grazing in Ohio (a three-inch stubble should be 
left).

Festulolium (Festulolium spp.)
Festulolium grass species are hybrids derived from 
crossing meadow fescue and ryegrass. They are 
bunchgrasses suitable for hay, silage, or pasture. 
The meadow fescue parent contributes midsummer 
growth, winter hardiness, and drought tolerance while 
the ryegrass parent contributes rapid establishment 
and forage quality. Winterhardiness of festulolium is 
lower than meadow fescue, but generally better than 
that of perennial ryegrass. Festulolium is best adapted 
to the northern half of Ohio and may be better adapted 
to southern regions of Ohio than perennial ryegrass. It 
grows especially well in the spring and produces pal-
atable forage with high nutritive value similar to that 
of perennial ryegrass. 

Festulolium yields well under good fertility when 
moisture is adequate. Like perennial ryegrass, it is a 
vigorous establisher. Because it is less winter hardy 
than other grasses, festulolium is best seeded in 
combination with other grasses and legumes. It can 
be grown on occasionally wet soils. Compared with 
orchardgrass, it is lower yielding, less competitive 
with legumes, and later to mature. Like orchardgrass, 
festulolium can withstand frequent cutting or graz-
ing. It is difficult to cut with a sickle bar mower and is 
slower to dry than other grasses, so it is better suited 
for grazing, greenchopping, and silage harvesting than 
for dry hay.

Festulolium varieties can differ markedly in winterhar-
diness and recovery from winter injury. For permanent 
pastures, select varieties that are proven to persist un-
der Ohio conditions.

Kentucky Bluegrass (Poa pratensis L.)
Kentucky bluegrass is a long-lived perennial grass 
especially well suited to pastures. Its low growth habit 
makes it less suited to hay and silage production. It 
forms a dense, tough sod under favorable conditions, 
providing good footing for grazing animals. It repro-
duces by seed and rhizomes. It tolerates close or fre-
quent grazing. Kentucky bluegrass is one of the most 
forgiving grasses, able to tolerate and persist under a 
wide range of soil conditions and mismanagement, but 
it will respond and have better production under good 

management. Kentucky bluegrass grows best under 
cool and moist conditions and usually becomes semi-
dormant during the summer. Planting good quality 
seed of forage Kentucky bluegrass varieties results in a 
more productive pasture than the naturally volunteer-
ing bluegrass.

Orchardgrass (Dactylis glomerata L.)
Orchardgrass is a versatile perennial bunch-type grass 
(no rhizomes) that establishes rapidly and is suitable 
for hay, silage, or pasture. Orchardgrass is probably the 
most productive cool-season grass grown in Ohio, es-
pecially under good fertility management. It has rapid 
regrowth, produces well under intensive cutting or 
grazing, and attains more summer growth than most 
of the other cool-season grasses. Orchardgrass toler-
ates drought better than several other grasses (Table 
7-1). It grows best in deep, well-drained, loamy soils. 
Its flooding tolerance is fair in the summer but poor in 
the winter. Orchardgrass is especially well suited for 
mixtures with tall legumes, such as alfalfa and red clo-
ver. The rapid decline in palatability and quality with 
maturity is a limitation with this grass. Timely harvest 
management is essential for obtaining good quality 
forage.

Improved varieties of orchardgrass, with high yield 
potential and improved resistance to leaf diseases, are 
available. Maturity is an important consideration in 
variety selection, and a wide range in maturity is avail-
able among newer varieties. When seeding orchard-
grass-legume mixtures, select varieties that match the 
maturity of the legume. The later-maturing varieties 
are best suited for matching the maturity of alfalfa and 
red clover and are easier to manage for timely harvest 
to obtain good-quality forage. In pastures, early-ma-
turing varieties will often produce higher yields, but 
grazing management must be aggressive in the spring. 
Performance under grazing is being evaluated in sev-
eral university variety trials and should be considered 
when selecting varieties for grazing.

Ryegrass (Lolium species)
Perennial ryegrass (Lolium perenne L.) is a bunch grass 
suitable for hay, silage, or pasture. It is best adapted 
to the northern half of Ohio. It has not persisted well 
in the southern half of Ohio, because it lacks heat and 
drought tolerance. Perennial ryegrass produces palat-
able forage with high nutritive value. It has a long 
growing season and yields well under good fertility 
when moisture is adequate. It is a vigorous establisher 
and is often used in mixtures to establish quick ground 
cover. Because it is less winter hardy than other grass-



98

es, perennial ryegrass is best seeded in combination 
with other grasses and legumes. Perennial ryegrass 
can be grown on occasionally wet soils. Compared 
with orchardgrass, it is lower yielding, less competitive 
with legumes, and later to mature. Like orchardgrass, 
perennial ryegrass can withstand frequent cutting or 
grazing. It is difficult to cut with a sickle bar mower 
and is slower to dry than other grasses, so it is better 
suited to grazing, greenchopping, and silage harvest-
ing than for dry hay.

Perennial ryegrass varieties can differ markedly in 
winter hardiness and recovery from winter injury. For 
permanent pastures, select varieties that are proven to 
persist under Ohio conditions. Maturity also differs 
widely among ryegrass varieties. Be sure to purchase 
endophyte-free seed of forage-type varieties; seed of 
many turf-type varieties is infected with endophyte 
(a fungus inside the seed and the plant), which can 
produce compounds harmful to livestock and cause 
a neurological condition known as ryegrass staggers. 
Forage-type varieties are either diploid (the basic chro-
mosome number is doubled) or tetraploid (basic chro-
mosome number is quadrupled). Tetraploid varieties 
have fewer, but larger, tillers and wider leaves, result-
ing in more open sods than diploids. Tetraploids are 
usually slightly higher in forage digestibility.

Hybrid ryegrass (Lolium hybridum) is achieved by 
crossing perennial and annual ryegrass. It generally 
has characteristics intermediate between those of 
perennial and annual ryegrass. For example, hybrid 
ryegrass has lower winter hardiness than peren-
nial ryegrass but should persist longer than annual 
ryegrass. 

Annual ryegrass (Lolium multiflorum Lam.), also known 
as Italian ryegrass, is generally annual or biennial in 
longevity, and can provide short-term high yields of 
high-quality forage. Italian ryegrass varieties differ 
markedly in maturity and growth habit. Some are true 
annuals (referred to as Westerwold types) that are ear-
ly maturing, head out in every growth cycle, and com-
plete their life cycle by late summer when planted in 
the spring. Other varieties (referred to as Italian-types) 
are very late to mature and head out little at all the first 
year and may survive through the winter to produce 
forage the second year.

Reed Canarygrass (Phalaris arundinacea L.)
Reed canarygrass is a tall, leafy, coarse, high-yielding 
perennial grass tolerant of a wide range of soil and 
climatic conditions (Table 7-1 and 7-2). It can be used 
for hay, silage, and pasture. It has a reputation for poor 

palatability and low forage quality. This reputation 
was warranted in the past because older varieties pro-
duced forage containing alkaloid compounds (bitter, 
complex, nitrogen-containing compounds). However, 
varieties are now available that make this species an 
acceptable animal feed, even for lactating dairy cows. 

Reed canarygrass grows well in very poorly drained 
soils but is also productive on well-drained upland 
soils. It is winter hardy, drought tolerant (deep-rooted), 
resistant to leaf diseases, and persistent. It responds 
to high fertility and tolerates spring flooding, low pH, 
and frequent cutting or grazing. Reed canarygrass 
forms a dense sod. Limitations of this grass include 
slow establishment, expensive seed, and rapid decline 
in forage quality after heading.

Only low-alkaloid varieties (e.g., Palaton, Venture, 
Rival) are recommended if the crop is to be used as an 
animal feed. These varieties are palatable and equal in 
quality to other cool-season grasses when harvested at 
similar stages of maturity. Common reed canarygrass 
seed should be considered to contain high levels of 
alkaloids and is undesirable for animal feed.

Smooth Bromegrass (Bromus inermis Leyss.)
Smooth bromegrass is a leafy, sod-forming perennial 
grass best suited for hay, silage, and early spring pas-
ture. It spreads by underground rhizomes and through 
seed dispersal. Smooth bromegrass is best adapted to 
well-drained silt-loam or clay-loam soils. It is a good 
companion with cool-season legumes. Smooth brome-
grass matures somewhat later than orchardgrass in the 
spring and makes less summer growth than orchard-
grass. It is very winter hardy and, because of its deep 
root system, will survive periods of drought. 

Smooth bromegrass produces excellent quality forage, 
especially if harvested in the early heading stage. It 
is adversely affected by cutting or grazing when the 
stems are elongating rapidly (jointing stage) and is 
less tolerant of frequent cutting. It should be harvested 
for hay in the early heading stage for best recovery 
growth. Fluffy seed makes this grass difficult to drill 
unless mixed with a carrier (e.g., oats, rice hulls, ver-
miculite, small amount of phosphate fertilizer). It is 
susceptible to leaf diseases.

Improved high-yielding and persistent varieties are 
available. Some varieties are more resistant to brown 
leaf spot. These improved varieties start growing ear-
lier in the spring and stay green longer than common 
bromegrass, which has uncertain genetic makeup.
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Tall Fescue (Festuca arundinacea Schreb.) 
Tall fescue is a deep-rooted, long-lived, sod-forming 
grass that spreads by short rhizomes. It is suitable for 
hay, silage, or pasture. Tall fescue is the best cool-sea-
son grass for stockpiled pasture or field-stored hay for 
winter feeding. It is widely adapted and persists on 
acidic, wet soils of shale origin. Tall fescue is drought 
resistant and survives under low fertility conditions 
and abusive management. It is ideal for waterways, 
ditch and pond banks, farm lots, and lanes. It is the 
best grass for areas of heavy livestock and machinery 
traffic.

Most of the tall fescue in older permanent pastures in 
Ohio contains a fungus (endophyte) growing inside 
the plant. The fungal endophyte produces alkaloid 
compounds that reduce palatability in the summer 
and result in poor animal performance. Several health 
problems may develop in animals grazing endophyte-
infected tall fescue, especially breeding animals. Deep-
rooted legumes should be included with tall fescue if it 
is to be used in the summer. Legumes improve animal 
performance, increase forage production during the 
summer, and dilute the toxic effect of the endophyte 
when it is present. For more information on this prob-
lem and solutions, refer to fact sheets available through 
county Extension offices and online at: www.ohioline.
osu.edu .

Newer endophyte-free varieties or varieties with very 
low endophyte levels (less than 5%) are recommended 
if stands are to be used for animal feed. In addition, 
varieties are available with non-toxic endophytes 
that do not produce harmful alkaloids. Kentucky-
31 is the most widely grown variety, but most seed 
sources of this variety are highly infected with the 
toxic endophyte fungus and should not be planted 
for livestock feed. When buying seed, make sure the 
tag states that the seed is endophyte-free or has a very 
low percentage of infected seed, or contains non-toxic 
endophyte only. Because endophyte-free varieties are 
less stress tolerant than endophyte-infected varieties, 
they should be managed more carefully.

Timothy (Phleum pratense L.)
Timothy is a hardy perennial bunchgrass that grows 
best in cool climates. It generally grows better in 
northern Ohio than southern Ohio. Its shallow root 
system makes it unsuitable for droughty soils. It pro-
duces most of its annual yield in the first crop. Sum-
mer regrowth is often limited because of timothy’s 
intolerance to hot and dry conditions. Timothy is used 
primarily for hay and is especially popular for horses. 

It requires fairly well-drained soils. Timothy is less 
competitive with legumes than most other cool-season 
grasses. It is adversely affected by cutting or grazing 
when the stems are elongating rapidly (jointing stage) 
and is less tolerant of frequent cutting. It should be 
harvested for hay in the early heading stage for best 
recovery growth.

Chicory (Cichorium intybus L.)
Forage chicory is relatively new to Ohio. It is a peren-
nial forb that is best utilized for rotational grazing. 
Chicory requires well-drained to moderately drained 
soils, medium to high fertility, and a pH of 5.5 or 
greater. It produces leafy growth with higher nutri-
tive value and higher mineral content than alfalfa or 
cool-season grasses. Its deep taproot provides drought 
tolerance and good growth from spring through the 
summer slump period of cool-season grasses. Animal 
performance on forage chicory has been exceptional. 
An important management consideration is to prevent 
bolting of stems in the spring. Stubble heights greater 
than 1.5 inches or a rest period longer than 25 days can 
allow stems to bolt (a period of rapid stem growth). 
The thick taproot of chicory can be exposed and dam-
aged by overgrazing, excessive hoof traffic, and frost 
heaving. Chicory requires nitrogen fertilization rates 
similar to those used for cool-season grasses.

‘Puna’ was the first variety to be sold in the United 
States. Other forage chicory varieties are now available 
from various seed companies.

Sweetclover (Melilotus species)
The cultivated sweetclovers, both yellow (Melilotus 
officinalis Lam.) and white-flowered types (Melilotus 
alba Medik.), are not perennial species, but typically 
biennial. They are excellent for soil improvement and 
as nectar-producing plants for honey bees. Sweetclover 
is not generally grown for forage but has been used 
for pasture and even hay or silage. The plant contains 
coumarin, which reduces palatability to livestock. 
Coumarin also can be converted to dicoumarol during 
heating and spoilage of hay or silage, which reduces 
blood-clotting ability and can result in livestock death. 
Low coumarin varieties have been developed. Sweet-
clover requires well-drained soils with near neutral pH 
(6.5 or higher). It is drought tolerant and winterhardy. 
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Forage Species Identification
Several excellent printed and online resources are 
available for identifying forage species. Here is a par-
tial list:
Printed publications
Identifying Pasture Grasses, University of Wisconsin, 
Bulletin A3637

Identifying Pasture Legumes, University of Wisconsin, 
Bulletin A3787

Forage Identification and Use Guide, University of  
Kentucky, Cooperative Extension Service, Bulletin 
AGR-175

Forage Legumes, 2nd Ed., University of Minnesota, Sta-
tion Bulletin 608-2003

Forage Field Guide, Purdue University, Extension Guide 
ID-317

Online resources:
Ohio State University Forage Images, http://hcs.osu.
edu/hcs412/forageID.htm

Purdue Forage Identification pages, http://www.agry.
purdue.edu/ext/forages/forageid.htm

Oklahoma Forages, http://forage.okstate.edu/index.
htm

Pre-Establishment Fertilization and Liming

Soil pH
Proper soil pH and fertility are essential for optimum 
economic forage production. Take a soil test to deter-
mine soil pH and nutrient status at least six months 
before seeding. This allows time to correct deficiencies 
in the topsoil zone. The topsoil in fields with acidic 
subsoils (most common in eastern Ohio) should be 
maintained at higher pH than the topsoil in fields with 
neutral or alkaline subsoils. 

Topsoil pH Levels for Forages
• pH 6.8 for alfalfa on mineral soils with subsoil pH 

less than 6.0
• pH 6.5 for other forage legumes and grasses on 

mineral soils with subsoil pH less than 6.0

• pH 6.5 for alfalfa on mineral soils with subsoil pH 
greater than 6.0

• pH 6.0 for other forage legumes and grasses on 
mineral soils with subsoil pH greater than 6.0

Soil pH should be corrected by application of lime 
when topsoil pH falls 0.2 to 0.3 pH units below the rec-
ommended levels. With conventional tillage plantings, 
soil samples should be taken to an eight-inch depth, 
and lime should be incorporated and mixed well in 
the soil at least six months before seeding. If more than 
four tons per acre of lime are required, half the amount 
should be incorporated deeply and the other half in-
corporated lightly into the top two inches. If low rates 
of lime are recommended or if a split application is not 
possible, the lime should be worked into the surface 
rather than plowed down. This assures a proper pH 
in the surface soil where seedling roots develop and 
where nodulation begins in legumes. 

Phosphorus and Potassium
Corrective applications of phosphorus and potassium 
should be applied prior to seeding, regardless of the 
seeding method used; however, fertilizer applications 
incorporated ahead of seeding are more efficient than 
similar rates not incorporated. This is especially true 
for phosphorus. Phosphorus and potassium fertilizer 
recommendations for forages are provided in Tables 
7-5 to 7-7.

Table 7-5: Annual Phosphate (P2O5) Recommendations 
for Pure Grass Forage Stands. Includes Maintenance 
Plus Four-Year Buildup to the Critical Level Where 
Needed.

Soil P Test Level  
ppm (lb/acre)

Yield Potential (ton/acre)

4 6 8

lb P2O5 per Acre

 5 (10)1 100 135 140

10 (20) 75 110 115

15-30 (30-60)2 50 85 90

35 (70) 25 45 45

40 (80) 0 0 0
1  Values in parentheses are lb/acre.
2   Maintenance recommendations are given for this soil test 

range.
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Table 7-6: Annual Phosphate (P2O5) Recommendations 
for Forage Legume or Legume-Grass Mixtures. Includes 
Maintenance Plus Four-Year Buildup to the Critical 
Level Where Needed.

Soil P Test Level  
ppm (lb/acre)

Yield Potential (ton/acre)

4 6 8

lb P2O5 per acre

10 (20)1 130 160 190

15 (30) 100 135 160

20 (40) 75 110 135

25-40 (50-80)2 50 85 110

45 (90) 25 45 50

50 (100) 0 0 0

1  Values in parentheses are lb/acre.
2   Maintenance recommendations are given for this soil test 

range.

Table 7-7: Annual Potassium (K2O) Recommendations 
for Forage Grass Only, Legume Only, and Legume-Grass 
Mixtures. Includes Maintenance plus Four-Year Buildup 
to the Critical Level Where Needed.

Soil Test  
K Level 
ppm (lb/acre)

Yield Potential (ton/acre)

4 6 8

lb K2O per Acre

CEC 10 meq/100 g
 75 (150)1 260 3002 300

100-130 (200-260)3 220 300 300

140 (280) 40 60 80

150 (300) 0 0 0

CEC 20 meq/100 g
100 (200) 270 300 300

125-155 (250-310)3 220 300 300

165 (330) 40 60 80

175 (350) 0 0 0

CEC 30 meq/100 g
125 (250) 280 300 300

150-180 (300-360)3 220 300 300

190 (380) 40 60 80

200 (400) 0 0 0
1  Values in parentheses are lb/acre.
2  Maximum potassium rate recommended is 300 lb K2O per acre.
3   Maintenance recommendations are given for this soil test 

range.

Pre-Establishment Fertilization for No-Till
For no-till seedings, take soil samples to a four-inch 
depth to determine pH and lime needs, and to a nor-
mal eight-inch depth to determine phosphorus and 
potassium needs. If possible, make corrective applica-
tions of lime, phosphorus, and potassium earlier in the 
crop rotation when tillage can be used to incorporate 
and thoroughly mix these nutrients throughout the 
soil. When this is not feasible, be sure to make lime, 
phosphorus, and potassium applications at least eight 
months or more ahead of seeding to obtain the desired 
soil test levels in the upper rooting zone. Use the finest 
grade of lime available at a reasonable price when sur-
face applications are made. 

Lime and phosphorus move slowly through the soil 
profile. Once soil pH, phosphorus, and potassium are 
at optimum levels, surface applications of lime and 
fertilizers maintain these levels. Attempts to establish 
productive forages often fail where pH, phosphorus, 
or potassium soil-test values are below recommended 
levels, even when corrective applications of these nu-
trients are surface applied or partially incorporated 
just before seeding.

Starter Nitrogen
Seedling vigor of cool-season forage grasses is en-
hanced on many Ohio soils by nitrogen applied at 
seeding time. Apply nitrogen at 10 to 20 lbs per acre 
when seeding grass-legume mixtures, and 30 lbs per 
acre when seeding pure grass stands. Starter nitrogen 
applications of 10 lbs per acre may be beneficial with 
pure legume seedings, especially under cool condi-
tions and on soils low in nitrogen. Manure applications 
incorporated ahead of seeding can also be beneficial 
to seedling establishment of forages, including alfalfa. 
Obtain a manure nutrient analysis and base applica-
tion rates on soil-test results. For more information on 
manure application to soils, refer to the Ohio Livestock 
Manure Management Guide, Ohio State University Ex-
tension Bulletin 604.

Stand Establishment
Establishing a good stand is critical for profitable for-
age production and requires attention to details for 
success. As discussed previously, begin by selecting 
species adapted to soils where they will be grown. Plan 
well ahead of time so corrective lime applications have 
time to neutralize soil acidity, and soil fertility deficien-
cies can be corrected. Make sure fields are free of any 
herbicide carryover that can harm forage seedlings. 
Refer to the current Weed Control Guide (Bulletin 789) 
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and current labels for more information on herbicides 
with crop rotation restrictions. 

About 20 to 25 seedling plants per square foot in the 
seeding year usually results in good stands the follow-
ing year.  Once established, a stand having about six 
grass and/or legume plants per square foot is general-
ly adequate for good yields. The guidelines presented 
here greatly improve the likelihood of successful estab-
lishment of productive forage stands.

Crop Rotation and Autotoxicity
Crop rotation is an important management tool for 
improving forage productivity, especially when seed-
ing forage legumes. Crop rotation reduces disease and 
insect problems. Seeding alfalfa after alfalfa is espe-
cially risky because old stands of alfalfa release a toxin 
that reduces germination and growth of new alfalfa 
seedlings (called autotoxicity). This is especially true 
on heavy-textured soils. Disease pathogens accumu-
late and can cause stand establishment failures when 
seeding into a field that was not rotated out of alfalfa. 
Rotating to another crop for at least one year before re-
establishing a new alfalfa stand is the best practice. If 
that is not possible, chemically kill the old alfalfa in the 
fall and seed the next spring, or spring kill and seed in 
late summer.

Seed Quality
High-quality seed of adapted species and variet-
ies should be used. Seed lots should be free of weed 
seed and other crop seed, and contain only minimal 
amounts of inert matter. Certified seed is the best as-
surance of securing high-quality seed of the variety of 
choice. Purchased seed accounts for just 20% or less 
of the total cost of stand establishment. Buying cheap 
seed and seed of older varieties is a false and short-
lived economy. Always compare seed price on the 
basis of cost per pound of pure live seed, calculated as 
follows:

• percent purity = 100% – ( percent inert matter +  
percent other crop seed +  percent weed seed)

• percent pure live seed (PLS) =  percent germina-
tion x  percent purity

• lbs of PLS = lbs of bulk seed x  percent PLS

Seed Inoculation
Legume seed must be inoculated with the proper ni-
trogen-fixing bacteria prior to seeding to assure good 
nodulation. Inoculation is especially important when 
seeding legumes in soils where they have not been 
grown for several years. Because not all legume spe-
cies are colonized by the same strains of nitrogen-fix-

ing bacteria, be sure to purchase the proper type of 
inoculum for the forage legume to be planted. Verify 
the inoculant expiration date and make sure it was 
stored in a cool, dry place. Because many seed suppli-
ers distribute pre-inoculated seed, check the expiration 
date and reinoculate if necessary. If in doubt, rein-
oculate the seed before planting. The seed should be 
slightly damp and sticky before adding the inoculant. 
This can be accomplished with a syrup/water mixture 
or a commercial sticker solution. Soft drinks are also 
effective as sticking agents. Protect inoculants and 
inoculated seed from sun and heat as much as possible 
and plant soon after inoculation.

Seed Treatments
Fungicide-treated seed is highly recommended for 
alfalfa and may be useful for red clover. Apron (meta-
laxyl) and Apron XL (mefanoxam) are systemic fun-
gicides for controlling seedling damping-off diseases 
caused by Pythium and Phytophthora during the first 
four weeks after seeding. These pathogens kill legume 
seedlings and cause establishment problems in wet 
soils. Many companies are marketing alfalfa seed treat-
ed with either Apron or Apron XL. Various other seed 
treatments and coatings are sometimes added to forage 
seed. Always consider the cost vs. the opportunities for 
benefit. 

It is very important to calibrate seeders appropriately. 
For example, lime coatings can account for up to one-
third of the weight of the seed, so the actual number 
of seeds planted can be drastically affected when seed-
ing on a weight basis. In addition, some seed coatings 
affect the flowability of seed, which can dramatically 
affect the seeding rate output of a planter. The manu-
facturers’ seeding calibrations are likely to not hold 
true for coated seed.

Spring Seedings
Plant as soon as the seedbed can be prepared after 
March 15 in southern Ohio and April 1 in northern 
Ohio (Table 7-8). In most years, spring seeding should 
be completed by early May in northern Ohio and by 
late April in southern Ohio. With early seeding, the 
plants become well established before the warm and 
dry summer months. Weed pressure increases with de-
layed seeding. Annual grassy weeds can be especially 
troublesome with delayed spring seedings. Herbicides 
are usually essential when seeding late in the spring. 
Refer to Chapter 12 (Weed Management) for principles 
and guidelines of weed management in forages. For 
specific herbicide recommendations, refer to the Weed 
Control Guide for Ohio Field Crops (Bulletin 789).
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Table 7-8: Suggested Planting Dates for Forages Grown in Ohio.
Forage Species Northern Ohio Southern Ohio
Legumes
Alfalfa 4/1–5/1 or 8/1–8/15 3/20–4/25 or 8/1–8/30

Alsike clover1 2/1–5/1 or 7/20–8/10 2/1–4/25 or 8/1–8/20

Annual lespedeza NR2 2/15–4/15

Birdsfoot trefoil 4/1–5/1 3/20–4/25

Crownvetch 4/1–5/1 3/20–4/25

Kura clover 4/1–5/1 3/20–4/25

Red clover1 2/1–5/1 or 7/20–8/10 2/1–4/25 or 8/1–8/20

Sweetclover 4/1–5/1 3/20–4/25

White clover1 2/1–5/1 or 7/20–8/10 2/1–4/15 or 8/1–8/20

Perennial Grasses and Forbs

Festulolium 3/15–5/1 or 8/1–8/20 3/1–4/20 or 8/1–8/30

Kentucky bluegrass 3/15–5/1 or 8/1–8/30 3/1–4/15 or 8/10–9/15

Orchardgrass 3/15–5/1 or 8/1–8/20 3/1–4/20 or 8/1–8/30

Perennial ryegrass 3/15–5/1 or 8/1–8/20 NR2

Reed canarygrass 3/15–5/1 or 8/1–8/15 3/1–4/20 or 8/1–8/25

Smooth bromegrass 3/15–5/1 or 8/1–8/20 3/1–4/20 or 8/1–8/30

Tall fescue 3/15–5/1 or 8/1–8/20 3/1–4/20 or 8/1–8/30

Timothy 3/15–5/1 or 8/1–10/5 2/15–4/20 or 8/1–10/15

Big bluestem 4/20–5/15 4/15–5/15 

Eastern gamagrass 4/20–5/15 4/15–5/15 

Indiangrass 4/20–5/15 4/15–5/15 

Switchgrass 4/20–5/15 4/15–5/15 

Chicory 4/1–5/1 or 8/1–8/20 3/15–4/20 or 8/1–8/30

Annual Crops
Annual ryegrass 4/1–5/1 or 7/20 to 8/30 3/15–4/20 or 8/1 to 9/15

Pearl millet 5/15–7/5 5/1–7/15

Sudangrass 5/15–7/5 5/1–7/15

Sorghum-sudangrass 5/15–7/5 5/1–7/15

Sorghum, forage 5/15–7/5 5/1–7/15
1   Febr�

that is less common.
2  NR = Not recommended.

Direct seeding without a companion crop in the spring 
allows growers to harvest two or three crops of high-
quality forage in the seeding year, particularly when 
seeding alfalfa and red clover. Select fields with little 
erosion potential when direct seeding into a tilled 
seedbed. Weed control is important during early estab-
lishment when direct seeding pure legume stands. Sev-
eral preplant and post-emergent herbicide options are 
available for pure legume seedings (refer to the Weed 
Control Guide for Ohio Field Crops, Bulletin 789).

Small grain companion crop seedings are successful 
when managed properly. Companion crops reduce 
erosion in conventional seedings and help minimize 
weed competition. Companion crops usually increase 
total forage tonnage in the seeding year, but forage 
quality will be lower than direct seeded legumes. 
When seeding with a small grain companion crop, take 
precautions to reduce excessive competition, which 
may lead to establishment failures:
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• Spring oats and triticale are the least competitive, 
while fall-planted winter cereals are often too com-
petitive.

• Use early-maturing, short, and stiff-strawed small 
grain varieties.

• Sow companion small grains at 1.5 to 2.0 bushels 
per acre.

• Remove small grain companions as early pasture 
or silage.

• Do not apply additional nitrogen for the compan-
ion crop.

Where the need for erosion control suggests use of a 
companion crop, but high-quality legume forage is 
desired the first year, seed oats as a companion and kill 
it at four to eight inches with a post-emergent grass 
herbicide. The oats will suppress early weed growth, 
provide erosion protection, and protect seedlings from 
wind damage. After oats are killed, the legume forage 
will perform about the same as in a direct seeding.

Late Summer Seedings
Late summer is an excellent time to establish many 
forage species, provided sufficient soil moisture is 
available. August is the preferred time for late sum-
mer seeding because it allows enough time for plant 
establishment before winter. Do not use a companion 
crop with August seedings because it will compete for 
soil moisture and can slow forage seedling growth to 
the point where the stand will not become established 
well enough to survive the winter. Refer to Chapter 12 
(Weed Management) for weed control guidelines for 
late summer forage seedings.

Sclerotinia crown and stem rot is a serious disease 
threat when seeding alfalfa and clovers in late summer. 
The risk of infection is greatest in fields where forage 
legumes have been grown recently and minimum till-
age is used. Sclerotinia infects seedlings in the fall, but 
injury is not visible until plants begin to die in late 
winter and early spring. Crop rotation, conventional 
tillage plantings, and seeding by early August reduce 
the risk of severe damage from this disease. A limited 
number of alfalfa varieties have some resistance to this 
disease. For more information on this disease, refer 
to Bulletin 827, Corn, Soybean, Wheat, and Alfalfa Field 
Guide. 

Conventional Tillage Seeding
The ideal seedbed for conventional seedings is 
smooth, firm, and weed-free. Don’t overwork the soil. 
Too much tillage depletes moisture and increases the 
risk of surface crusting. Firm the seedbed before seed-

ing to ensure good seed-soil contact and reduce the 
rate of drying in the seed zone. Cultipackers and culti-
mulchers are excellent implements for firming the soil. 
The lack of a firm seedbed is a major cause of establish-
ment failures. The soil should be firm enough at plant-
ing so that a footprint is no deeper than ½ to ¾ inch.

Seeding depth for most cool-season forages is ¼ to ½ 
inch on clay and loam soils. On sandy soils, seed can 
be placed ½ to ¾ inch deep. Seeding too deep is one of 
the most common reasons for seeding failures.

Seeding equipment. Forage stands can be established 
with many different types of drills and seeders, pro-
vided they are adjusted to plant seed at an accurate 
depth and in firm contact with the soil. When seeding 
into a tilled seedbed, drills with press wheels are an 
excellent choice. If the seeder is not equipped with 
press wheels, cultipack before and after seeding in the 
same direction as the seeder was driven. This assures 
that seed is covered and in firm contact with the soil. 
Cultipacker seeders, such as the Brillion seeder, pro-
vide accurate and consistent seed placement in tilled 
seedbeds.

Fluid seeding can be used to seed forage legumes. 
Seed is distributed in a carrier of water or in a fertilizer 
solution. Custom application is recommended because 
it requires special equipment for good seed suspension 
and distribution. Prepare a firm seedbed and cultipack 
after the seed is “sprayed” on. For fluid seeding, seed 
should be mixed into solution at the field and applied 
immediately. Some producers are also having suc-
cess with seeding legumes through dry fertilizer air 
spreaders, with cultipacking before and after the seed 
is broadcast.

No-Till and Minimum-Till Seeding
Many producers are successfully adopting minimum 
and no-tillage practices for establishing forage crops. 
Advantages include soil conservation, reduced mois-
ture loss, lower fuel and labor requirements, and seed-
ing on a firm seedbed. All forage species can be seeded 
no-till. Species such as red clover, which have good 
seedling vigor, are the easiest to establish. No-till for-
age seedings are most successful on silt loam soils with 
good drainage. Consistent results are more difficult 
on clay soils or poorly drained soils. Weed control and 
sod suppression is essential for successful no-till estab-
lishment, because most forage crops are not competi-
tive in the seedling stage.

Seed placement is critical with reduced tillage. It is 
very easy to plant seeds too deep with no-till drills. A 
relatively level seedbed improves seed placement. A 



105

light disking may be necessary before attempting to 
seed. Plant seed shallow (¼ to ½ inch, in most cases) in 
firm contact with the soil. Crop residue must be man-
aged to obtain good seed-soil contact. Chisel plowing 
or disking usually chops residue finely enough for 
conventional drills to be effective. When residue levels 
are greater than 35%, no-till drills are recommended.

For no-till planting following corn, plant as soon 
as the soil surface is dry enough for good soil flow 
around the drill openers and good closure of the fur-
row. Perennial weeds should be eradicated in the pre-
vious corn crop. If perennial weeds are still present, 
apply glyphosate before seeding. If any grassy weeds 
or winter annual broadleaf weeds are present in the 
field, use paraquat or glyphosate before seeding. Most 
drills can handle corn grain residue, but removal of 
some of the residue (e.g., for bedding) often increases 
the uniformity of stand establishment. Most drills do 
not perform as well when corn stalks are chopped and 
left on the soil surface. Be sure to avoid problems with 
carryover of triazine residue from the previous corn 
crop. 

No-till planting following small grains is a good 
way to conserve valuable moisture. Weeds should be 
effectively controlled in the small grain crop. Ideally, 
wait to plant the forage crop until at least ½ inch of 
rain has fallen postharvest to stimulate germination of 
volunteer small-grain seeds and weeds; however, do 
not delay planting beyond the recommended seeding 
date for your area. Burn down any weeds and volun-
teer small grain seedlings before seeding the forage 
crop. Glyphosate can be used if thistles, Johnsongrass, 
or other perennial or biennial weeds are present in the 
small grain stubble. Remove straw after small grain 
harvest. It is not necessary to clip and remove stubble; 
however, it may be removed if additional straw is de-
sired. Do not clip stubble and leave it in the field, as 
it may interfere with seed-soil contact when seeding 
forages. If volunteer small grains become a problem 
after seeding, apply a selective grass herbicide to pure 
legume seedings to remove excessive competition. 

Insect control can be a serious problem in no-till seed-
ings, especially those seeded into old sods. Slugs can 
be especially troublesome where excessive residue is 
present from heavy rates of manure applied in previ-
ous years. Chemical control measures for slugs are 
limited to a methaldehyde bait (Deadline bullets). 
Lorsban-4E insecticide is registered for use during 
alfalfa establishment for suppression of cutworms, 
wireworms, and grubs.

Seeding-Year Harvest Management
Harvest management of cool-season forages during 
the seeding year depends on time and method of seed-
ing, species, fertility, weather conditions, and other 
factors. Forages seeded in August or early September 
should not be harvested or clipped until the follow-
ing year. For spring seedings, it is best to mechanically 
harvest the first growth. This is especially true for 
tall-growing legumes. If stands are grazed, stock fields 
with enough livestock to consume the available forage 
in less than seven days. Grazing for a longer period 
increases the risk of stand loss. Soils should be firm 
to avoid trampling damage. General harvest manage-
ment guidelines for spring seedings, according to spe-
cies, are presented here.

Alfalfa—Generally two harvests are possible in the 
seeding year when alfalfa is seeded without a compan-
ion crop; three harvests are possible with early plant-
ing and good growing conditions. The first cutting can 
be made 60 to 70 days after emergence. Subsequent 
cuttings should be made in early bloom stage, with the 
last harvest taken by the first week of September. Fall 
cutting is not advisable; even a late dormant cutting is 
not recommended because it increases the risk of win-
ter heaving. When seeding with a small grain compan-
ion crop, the first harvest should be taken during the 
late boot or early-heading stage of the companion crop.

Birdsfoot Trefoil—Seedling growth of trefoil is much 
slower than alfalfa or red clover. Seeding year harvests 
should be delayed until the trefoil is in full bloom. Do 
not harvest after September 1. When seeded with a 
companion crop, an additional harvest after removal of 
the small grain is generally not advisable.

Red Clover—When seeded without a companion crop, 
red clover can usually be harvested twice in the year of 
establishment. Under good conditions, up to three har-
vests are possible. Harvest red clover before full bloom 
in the seeding year. If allowed to reach full bloom 
in the year of seeding, red clover often has reduced 
stands and yields the following year. Complete the last 
harvest by the first week of September.

Cool-Season Grasses—Harvest management depends 
greatly on stand vigor and weather conditions. Most 
grasses establish slowly compared with alfalfa. Clip-
ping may be necessary to prevent annual weeds from 
going to seed. Early clipping at 6 to 8 inches of grass 
growth will also promote tillering of the seedlings.
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Fertilizing Established Stands
A current soil test is the best guide for a sound fertil-
ization program. Forages are very responsive to good 
fertility. Adequate levels of phosphorus and potassium 
are important for high productivity and persistence of 
legumes, especially alfalfa. Forage fertilization should 
be based on soil-test levels and realistic yield goals. 
Under hayland management, forages usually need to 
be topdressed annually to maintain soil nutrient levels 
and achieve top production potential. 

Each ton of tall grass or legume forage removes ap-
proximately 13 pounds of P2O5 and 50 pounds of K2O. 
These nutrients need to be replaced, preferably in the 
ratio of one part phosphate to four parts potassium. 
Phosphorus and potassium recommendations for for-
ages are given in Tables 7-5 to 7-7.

Timing Topdress Applications
The timing of phosphorus and potassium applications 
is not critical when soil-test levels are optimum. Avoid 
applications with heavy equipment when the soil is 
not firm. Soil conditions are frequently most condu-
cive to fertilizer applications immediately following 
the first cutting or in late summer and early fall. Split 
applications, one-half after the first cutting and one-
half in late summer or early fall, may result in more 
efficient use of fertilizer nutrients when high rates of 
fertilizer are recommended. If soil-test levels are mar-
ginal to low, fall fertilization is especially important to 
provide nutrients such as potassium that are important 
for winter survival.

Nitrogen Fertilization
Where grasses are the sole or predominant forage, 
nitrogen fertilization is extremely important for good 
production. Economic returns are usually obtained 
with 150 to 175 pounds of nitrogen per acre per year 
split three times during the year—70 to 80 pounds per 
acre in early spring when grasses first green up and 50 
pounds per acre after each cutting except after the last 
cutting of the season. 

Legumes fix atmospheric nitrogen. Where the forage 
stand is more than 35% legumes, nitrogen should not 
be applied (Table 7-9). In pastures, nitrogen application 
can be used strategically, so increased forage produc-
tion occurs only when it will be most needed. This 
is discussed in more detail in Chapter 9, Pasture and 
Grazing Management.

Table 7-9: Examples of Nitrogen Rates Recommended 
for Perennial Cool-Season Grass Forages.

Yield Potential, ton/acre

Crop, percent legume 4 6 8

Annual Application  
(lb N per acre1)

Tall grass, less than 20% legume 100 140 180

Mixed tall grass-legume,  20-35% 
legume

50 90 130

Mixed tall grass-legume,  greater 
than 35% legume

0 0 0

1   Make split applications of N in the early spring and after 
first harvest. Liquid N should be applied in early spring or 
immediately following forage removal.

When applying nitrogen in the summer, keep in mind 
that some forms are subject to surface volatilization, 
resulting in loss of available nitrogen. Ammonium 
nitrate is the best source because surface volatilization 
losses are minimized; however, this formulation is now 
difficult to purchase. For more information on nitrogen 
forms and volatilization losses, refer to Agronomy Fact 
Sheet AGF-205 or Extension Bulletin E-2567, Tri-State 
Fertilizer Recommendations for Corn, Soybeans, Wheat and 
Alfalfa, available at county offices of OSU Extension.

Micronutrients
Micronutrient deficiencies are rare in most Ohio min-
eral soils. Micronutrient fertilization should be based 
on demonstrated need through soil testing and/or 
tissue testing. Boron may be needed when alfalfa and 
clover are grown on sandy soils and highly weath-
ered soils low in organic matter. If the soil test is one 
part per million (ppm) or less of boron (B), or a plant 
tissue test shows 30 ppm or less B, then apply a fertil-
izer containing two pounds of B per acre. Sulfur may 
be needed when alfalfa and clover are grown on low 
organic matter soils and coarse soils when yield levels 
are high. Use a sulfate form of sulfur if the application 
is made in the spring, and an elemental form of sulfur 
for fall applications. Refer to Extension Bulletin E-2567, 
Tri-State Fertilizer Recommendations for Corn, Soybeans, 
Wheat and Alfalfa, for more details on micronutrient 
fertilization.
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Grass Tetany
Grass tetany occurs in animals when their demands for 
magnesium exceed the supply. It most often occurs in 
the spring when high-producing animals are consum-
ing primarily grass forage. High soil potassium tends 
to reduce uptake of magnesium by plants. The risk of 
grass tetany is reduced by not applying potash in early 
spring to grasses, because grasses take up more potas-
sium than needed for growth (luxury consumption), 
and potassium uptake is favored by plentiful soil mois-
ture. After the first harvest, apply needed fertilizer to 
maintain a balanced soil-fertility program. It may also 
be helpful to feed livestock a high-magnesium supple-
ment during spring.

Established Stand Harvest Management
Harvest management is an important tool in achieving 
high-quality forage, high yields, and stand persistence. 
Harvest management can also be used to reduce the 
impact of weeds, insects, and disease pests. Harvest 
timing is a compromise between forage yield, qual-
ity, and persistence. While forage quality decreases 
with maturity, dry matter yield usually increases up 
to full-flower stage in legumes and full-heading stage 
in grasses. Cutting more frequently at earlier stages of 
maturity results in forage with higher nutritive value 
but lower yield compared with cutting less frequently 
at more mature stages of growth. 

A good compromise between forage yield, quality, and 
stand persistence is to harvest legumes in late-bud to 
early-bloom stage, and grasses in late-boot to early-

heading stage. Harvesting at this stage results in the 
highest yields of digestible dry matter per acre. Cut-
ting management of grass-legume mixtures should be 
based on the best harvest schedule for the legume.

First Harvest Timing
Make a timely first harvest to achieve the best quality 
possible in what is usually the largest crop of the year. 
Forage quality declines more rapidly with advancing 
maturity in the spring than it does later in the summer. 
Timing of the first harvest should be based on the cal-
endar rather than on stage of maturity. Bud develop-
ment and flowering are not reliable guides for proper 
timing of first cutting in Ohio. In some years, little or 
no bloom is present in the spring; in others, bloom is 
abundant. 

Table 7-10 gives recommended harvest dates for the 
first cutting of legume-grass hay meadows. Harvesting 
during these periods maximizes yields of digestible 
dry matter per acre. By using various grasses and le-
gumes that differ in maturity development (Table 7-2), 
producers can spread the optimum first cutting date 
over one week to 10 days.

Most grasses should be harvested in the boot stage 
for best forage quality; however, timothy and smooth 
bromegrass should not be cut until the grass is in the 
early heading stage. Earlier harvesting of these species 
may reduce regrowth and cause stand loss, because the 
basal buds for regrowth are not fully developed until 
early heading.

Table 7-10: Recommended Harvest Dates—First Cutting, Legume-Grass Mixtures.

Cutting Schedule A1 Cutting Schedule B2

Forage Mixture Southern Ohio Central Ohio Northern Ohio Southern Ohio Central Ohio Northern Ohio

Alfalfa-Orchardgrass 5/10–5/20 5/15–5/23 5/23–5/28 5/15–5/20 5/20–5/25 6/1–6/5

Alfalfa-Bromegrass 5/20–5/25 5/23–5/28 5/28–6/5 5/28–6/5 6/1–6/5 6/5–6/15

Alfalfa-Timothy 5/20–5/25 5/23–5/28 5/28–6/5 5/28–6/5 6/1–6/10 6/5–6/15

Red clover-Timothy 5/24–6/5 6/1–6/10 6/1–6/15 5/25–6/5 6/1–6/10 6/5–6/15

Birdsfoot trefoil-Timothy 5/20–6/1 5/25–6/15 6/1–6/20 6/1–6/10 6/5–6/15 6/10–6/20
1  Cutting Schedule A—Forage cut during these periods is of high quality. Dry matter yields are lower than would be received from later 
harvests; however, yields of digestible dry matter per acre equal or exceed those from later harvests. Current alfalfa varieties are 
adapted to earlier harvest.

2  Cuttin�
dates m�
pH and fertility levels are less than optimum; where a late fall cutting may have been taken; winter injured fields; north facing slopes.
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Summer Harvest Timing
Stage of growth is usually a reliable guide for timing 
summer harvests of legumes. Generally, summer cut-
tings are permitted to reach early bloom for alfalfa 
(approximately 35 days between cuttings) and half 
bloom for birdsfoot trefoil and red clover. High yields 
of good-quality forage can be harvested if three or 
more cuttings are made on a 35- to 40-day schedule. 
Four cuttings of alfalfa can be made on soils with good 
fertility without any detrimental effects on the stand. 
Harvest schedules for legume-grass mixtures should 
follow closely to what favors the legume component. 
Smooth bromegrass and timothy are more compat-
ible with less intensively managed stands (three-cut 
schedule), while orchardgrass, perennial ryegrass, tall 
fescue, and reed canarygrass are adaptable to more 
frequent harvesting.

Intensive Cutting for High Quality
More intensive frequent cutting schedules are desir-
able where high forage quality is important. Shorter 
harvest intervals will usually shorten stand life. Al-
lowing legume stands to reach early flower stage once 
during the season improves stand persistence. This can 
usually be achieved in late summer without great re-
ductions in forage quality (forage fiber levels increase 
at a slower rate in late summer than in spring and 
early summer). Cutting intervals that are consistently 
shorter than 30 days stress legume stands because the 
plants do not fully replenish depleted energy reserves 
in the taproots and crowns. Fiber levels may be unde-
sirably low when legumes are cut extremely early (pre-
bud to very early bud stage). 

Some grass species can be harvested very intensively 
to achieve dairy-quality forage. Pure stands of orchard-
grass and perennial ryegrass (where adapted) can be 
maintained on harvest intervals of 24 to 28 days under 
good fertility management.

Fall Harvesting
Producers often want to harvest the fall growth from 
forage stands, but fall harvesting usually increases the 
risk of legume heaving and winter kill, and interferes 
with accumulation of root reserves required for winter 
survival and growth the following spring. The need for 
the forage or its value should be weighed against the 
increased risk of stand damage. 

Minimizing Fall Harvesting Hazard to Tall Legumes
• Complete the last regular harvest by the following 

dates—September 7 in northern Ohio, September 
12 in central Ohio, and September 15 in southern 
Ohio.

• Do not harvest during late September and October. 
Forages are actively storing reserve carbohydrates 
in the crowns and roots during this period.

• If a late fall harvest is made, it should be delayed 
until after a killing frost (25°F for several hours). A 
word of caution—removing topgrowth at this time 
can dramatically increase the risk of legume frost 
heaving on heavy soils. Mulching with up to four 
tons per acre of straw-manure or two tons per acre 
of old hay or straw should reduce frost-heaving 
potential after a late harvest. 

• Late fall harvesting should only be attempted on 
healthy, established stands grown on well-drained 
soils with optimum pH and high fertility (high soil 
potassium levels are especially important).

• Avoid fall harvesting of new seedings.
• If a mid-fall harvest is made, select fields that are 

well drained, have optimum pH and fertility, are 
planted to improved varieties having multiple pest 
resistance, and where at least 45 days of regrowth 
was allowed prior to the fall harvest. 

Weed Management in Forages
Refer to Chapter 12, Weed Management, for principles 
and guidelines of weed management in forages. For 
specific herbicide recommendations, refer to the Weed 
Control Guide for Ohio Field Crops, Bulletin 789.

Insect Pest Management
Management of forage insect pests is important to 
achieve high yields of high-quality forage. The pri-
mary insect problems in Ohio are the alfalfa weevil 
and the potato leafhopper in alfalfa. The alfalfa weevil 
is primarily active in the spring. The potato leafhop-
per is active during the summer months and can cause 
severe yield and quality losses in alfalfa. New alfalfa 
seedings are especially vulnerable to potato leafhopper 
damage. 

Potato leafhopper resistant alfalfa varieties offer an 
excellent tool for managing this insect pest in Ohio. For 
yield performance data of leafhopper resistant variet-
ies in Ohio, refer to the Ohio Forage Performance Trials 
reports available online at: http://www.ag.ohio-state.
edu/~perf/ or at county Extension offices.

When pest populations reach or exceed action thresh-
olds, it is economically justifiable to either harvest 
the crop, provided it is near the harvestable stage, or 
chemically treat the stand to control the pest in ques-
tion. Producers should scout fields and determine if 
the action threshold has been exceeded. For more spe-
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cific guidelines on scouting and management of alfalfa 
insect pests, refer to these fact sheets, available online 
or at Extension offices:

Insect Pest Management on Alfalfa, FC-ENT-0031, online 
at: http://ohioline.osu.edu/ent-fact/0031.html

Alfalfa Weevil, FC-ENT-0032, online at: http://ohioline.
osu.edu/ent-fact/0032.html

Potato Leafhopper on Alfalfa, FC-ENT-0033, online at: 
http://ohioline.osu.edu/ent-fact/0033.html

Meadow Spittlebug on Alfalfa, Field Crops Pest Manage-
ment Circular No. 34, online at: http://ohioline.osu.
edu/icm-fact/fc-34.html

Warm-Season Forages
Annual Lespedeza (Kummerowia spp.)
Annual lespedezas are spring-sown, warm-season 
legumes adapted to the southern third of Ohio. They 
can be used for hay, pasture, and soil erosion control. 
These species are relatively low yielding, but produce 
non-bloating forage of high nutritive value for late 
summer grazing. They can be grown on acidic and low 
phosphorus soils; however, they will respond to both 
lime and phosphorus fertilization. Annual lespedezas 
grow best on well-drained soils. They are dependable 
reseeders and can persist in pastures if allowed to 
reseed each year. Annual lespedeza can be used effec-
tively in pasture renovation to improve animal perfor-
mance and late-summer forage production, especially 
in endophyte-infected tall fescue pastures. Seed should 
be inoculated with the proper Rhizobia the first time it 
is planted in a new area.

Perennial Warm-Season Grasses
Perennial warm-season grasses have potential to pro-
duce hay and pasture growth during the warm and 
dry midsummer months. These grasses initiate growth 
in late April or early May and produce 65% to 75% of 
their growth from mid-June to mid-August in Ohio. 
Warm-season grasses complement cool-season grasses 
by providing forage when the cool-season grasses are 
less productive. Warm-season grasses produce well 
on soils with low moisture-holding capacity, low pH, 
and low phosphorous levels. However, they do best on 
deep, fertile, well-drained soils with good water-hold-
ing capacity. 

Switchgrass (Panicum virgatum L.), Indiangrass 
(Sorghastrum nurans [L.] Nash), and big bluestem 
(Adropogon gerardii Vitman) are winter hardy and grow 
in all areas of Ohio. Eastern gamagrass (Tripsacum 

dactyloides L.) and Caucasian bluestem (Bothriochloa 
caucasia [Trin.] C. E. Hubb) have also been grown in 
Ohio. These grasses are very slow to establish and are 
weak competitors with weeds until established. Two 
years is generally required for successful establishment 
of warm-season grasses. Detailed information on these 
species and their establishment and management is 
available in Agronomy Facts AGF-022, Perennial Warm 
Season Grasses for Ohio.

Annual Forage Crops
Annual forage crops can be used effectively in a forage 
production system. These crops: 

• Provide supplemental feed when perennial forages 
are less productive.

• Provide emergency feed when perennial crops fail.
• Serve as interim crops between grazing periods 

of perennial forages when long rest periods are 
needed.

• Extend the grazing season in the fall and early 
spring.

Most annual forage crops are best used for pasture or 
silage rather than for hay. Double-cropping combina-
tions are feasible with these annual forage crops (for 
example, small grains followed by summer annual 
grasses or brassicas). Production of corn silage is cov-
ered in Chapter 4, Corn Production.

Small Grains for Forage
Spring oat (Avena sativa L.) is commonly used as a 
companion crop for seeding forage legumes. It can 
be used for silage or spring and early summer pas-
ture when sown early. Oats grazed or chopped early 
regrow and provide a second period of grazing or 
greenchop. Highest yields are achieved with a single 
harvest in early heading to milk stage. Oats can be 
used for hay; however, as with the winter cereals, oats 
are coarse, slow to dry, and often produce dusty hay. 
Ohio producers have also successfully used oats for 
late fall grazing, by seeding it in August (after winter 
wheat) or following an early corn silage harvest. Oats 
have been successfully aerially seeded into standing 
corn in mid-August to provide high-protein forage as 
a supplement to the lower quality corn stover when 
grazed in late fall after corn grain harvest.

Winter barley (Hordeum vulgare L.) is not as winter 
hardy as other winter cereal grains and is more sensi-
tive to poorly drained soils. It can tolerate moderate 
droughts but does not produce well under moist, hot 
conditions. Barley provides good quality forage for 
grazing in the fall if seeded early, but it should not be 
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grazed as close or as late in the fall as wheat or rye. 
Barley makes good quality silage, but is less desirable 
for hay after heading because the heads have awns or 
slender bristlelike appendages on the spikelets. 

Winter wheat (Triticum aestivum L.) provides highly 
digestible fall and spring pasture. Winter wheat can 
be sown later in the fall than barley because it is more 
winter hardy and able to withstand wetter soils than 
barley. Wheat produces more tonnage than barley and 
is of higher quality than rye. With careful fall or early-
spring grazing, it can be subsequently harvested for 
grain, silage, or hay. Varieties of winter wheat used for 
grain may also be used for forage.

Winter rye (Secale cereale L.) is the most winter hardy of 
the small grains and the most productive for pasture. 
Forage-type varieties are available that have greater 
fall growth and extend the grazing season in late fall. 
Although best production is on fertile, well-drained 
soils of medium or heavy texture, it is more productive 
than other small grains on soils with low pH and fertil-
ity, high clay or sand content, or poor drainage. Winter 
rye matures the earliest of the small grains, making 
it the most difficult of the small grains to manage for 
high quality forage in the spring. Palatability and qual-
ity of rye are unacceptable if allowed to mature past 
the boot stage. 

Triticale (Trticum x Secale) is a hybrid of wheat and 
rye. Varieties are available for fall or spring seeding. 
Fall-seeded winter triticale varieties can be used for 
late fall and early-spring pasture, as well as for silage 
or hay. Under good management, triticale produces 
well. High animal performance is possible when it is 
harvested at the right stage. Winter triticale should be 
managed similarly to wheat, but matures about five to 
10 days after wheat.

Mixtures of small grains or small grains with an-
nual legumes (e.g., field peas, soybean) can be used to 
achieve specific production objectives. For example, 
oats can be mixed with the winter grains to increase 
fall growth for grazing without sacrificing yield of the 
winter cereals the following spring. Small grain-annual 
legume mixtures are especially useful when harvested 
as silage. The seed cost of annual legumes is usually 
higher and should be weighed against the value of 
the harvested forage. Adding annual legumes, such as 
peas, improves forage quality and expands the harvest 
window for achieving good-quality forage. These mix-
tures do not yield as much as corn silage, but their pro-
duction in the spring may fill an important niche in a 
forage system. Harvest timing should be based on the 
proper time for the small grain species in the mixture.

Establishment and Fertilization
Seed small grains for forage in the same way as for 
grain (see Chapter 6). When seeding small grains for 
fall pasture, plant in August to mid-September. If small 
grains are planted only for pasture use, use the seeding 
rates given in Table 7-4 and apply nitrogen at a rate of 
50 to 70 lbs per acre at planting time.

Harvest Management
For the best compromise between yield and quality, 
harvest oats, barley, and wheat in the early heading 
stage. Although harvesting later (up to early milk 
stage) increases tonnage, quality declines rapidly. Triti-
cale should be harvested in the late boot to early head-
ing stage. Rye should be harvested in the boot stage 
to avoid palatability problems and large reductions 
in forage quality. Always use a mower conditioner to 
increase the drying rate of small grains.

Grazing Management
Fall and spring grazing of small grains should begin 
when sufficient growth is available to support live-
stock. Delayed planting dates and wet fields during 
the prime grazing season often make grazing of small 
grains difficult in Ohio. In the fall, graze only early-
seeded small grains. Begin grazing winter cereals 
when six inches of growth is available and leave three 
inches of stubble after grazing. Heavy fall grazing can 
increase the risk of winterkill. Do not graze when the 
small winter grain is dormant or when the ground 
is frozen if subsequent spring growth and/or grain 
production is desired. In the spring, graze only when 
fields are firm. Heavy or late-spring grazing greatly re-
duces grain yields. Remove livestock from small grain 
fields to be harvested for grain as soon as the plants 
begin stem elongation (jointing stage).

Animal Health Concerns with Small Grains
Animal health hazards are not as common with the 
small grains as they are with the sorghum species 
grasses; however, the following precautions should be 
taken:

• Supplement lush spring pastures with high-mag-
nesium mineral blocks or mineral-salt mixes to 
reduce the risk of grass tetany.

• When using seed treated with fungicides, observe 
harvest and grazing restrictions on the label.

• Remove lactating dairy animals from small grain 
pastures two hours before milking to reduce the 
problem of off-flavored milk.

• Split nitrogen applications to avoid nitrate  
poisoning.
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Summer-Annual Grasses
These grasses grow rapidly in late spring and summer 
and, when managed properly, provide high-quality 
forage. They are well suited as supplemental forages 
during hot, dry periods when perennial cool-season 
forages are less productive. Because the need for extra 
forage usually becomes apparent after row crops have 
been planted in early spring, summer-annual grasses 
are a good double-crop option when planted after a 
small grain crop. They have the potential to produce 
forage yields of three tons of dry matter per acre with-
in 45 to 50 days. With the exception of pearl millet, the 
summer-annual grasses are members of the sorghum 
family and have the potential for prussic acid poison-
ing (see Animal Health Concerns).

Sudangrass (Sorghum bicolor [L.] Moench.) is fine-
stemmed, leafy, and grows three to eight feet tall. 
Sudangrass regrows following each harvest, until cool 
temperatures or lack of moisture inhibit growth. It is 
the preferred summer-annual grass for pasture and can 
be used for hay. Solid stands grow shorter than when 
seeded in rows. Sudangrass usually contains lower 
levels of prussic acid and is usually lower yielding 
than the other sorghum family grasses.

Sudangrass hybrids are generally slightly higher 
yielding and have slightly higher prussic acid levels 
than sudangrass at comparable stages of growth.

Sorghum-sudangrass hybrids are crosses of sorghum 
with sudangrass. They resemble sudangrass in growth 
habit, but are generally taller, have larger stems and 
leaves, and are higher yielding. This grass can become 
coarse and unpalatable if not properly utilized. It is 
not as well suited for hay production as sudangrass. 
Sorghum-sudangrass hybrids regrow following each 
harvest, barring restrictive environmental conditions.

New varieties with higher digestibility are available, 
known as brown midrib varieties. Those varieties have 
a characteristic brown discoloration on the main vein 
(midrib) of the leaves, which is a marker for the muta-
tion for lower lignin content. The brown midrib variet-
ies have been shown to have greater animal preference 
and animal performance (intake and gains) compared 
with the normal varieties.

Forage sorghum (Sorghum bicolor [L.] Moench.) grows 
six to 15 feet tall and has potential for high yields. It 
is utilized as a one-cut silage or greenchop crop. For-
age sorghum produces silage containing more digest-
ible energy than legume and cool-season grass silage. 
Making high-quality silage from forage sorghum is 
generally easier than from forage legumes because of 

the high levels of nonstructural carbohydrates, which 
enhance fermentation. 

The high-energy, low-protein characteristics of forage 
sorghum silage make it a good supplement for high-
protein forage legumes. Because the feeding value of 
forage sorghum silage is considered to be about 85% 
that of corn silage, corn silage is usually the preferred 
high-energy silage grown in Ohio. Forage sorghum 
has the potential, however, to grow better than corn on 
light-textured, shallow soils that tend to be droughty. 
Brown midrib varieties with higher digestibility are 
available, as described earlier for the sorghum-sudan-
grass hybrids.

Pearl millet (Pennisetum glaucum L.) is not in the sor-
ghum family, and prussic acid is not produced in the 
plant. It tends to have smaller stems and is leafier than 
the sorghum grasses. Pearl millet regrows after each 
harvest, but not as rapidly as sudangrass or sorghum-
sudangrass hybrids. Its regrowth may also be more 
sensitive to cutting height than sudangrass. Other 
types of millets include German, Foxtail, and Japanese 
millet. German and Foxtail millet do not regrow after 
harvest. Japanese millet grows best in wet soils.

Summer-annual grass-legume mixtures are marketed 
by some seed dealers. The legumes (e.g., field pea, 
soybean) generally improve protein content compared 
with summer-annual grasses grown alone. The annual 
legumes included in these mixtures would be present 
in the first growth only; regrowth would occur only 
from the grasses. The additional cost of the legume 
seed should be weighed against the improved forage 
quality potential.

Establishment
Summer-annual grasses require well-drained to mod-
erately well-drained soils. They grow best in warm 
weather and should be planted from about two weeks 
after corn planting until the end of June in northern 
Ohio and mid-July in southern Ohio. Soil temperatures 
should be at least 60°F to 65°F. Late plantings (after 
mid-July) shorten the growing season and may result 
in low yields because of poor establishment in dry 
soils in the summer followed by cool fall temperatures. 
Making two seedings about three weeks apart staggers 
the maturities and makes rotational grazing or harvest 
timing easier to manage.

Seeds should be planted ½ to one-inch deep on a well-
prepared, firm, and moist seedbed. The seed can be 
broadcast and harrowed, lightly disked, or seeded 
with a grain drill. Forage sorghums should be planted 
in rows with row-crop planters to facilitate harvest and 
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minimize lodging. These summer-annual grasses may 
also be established in grass sods or stubble with no-till 
equipment, but this is less desirable than conventional 
seedbed preparation. Refer to Table 7-4 for suggested 
seeding rates.

Fertilization 
Determine lime and fertilizer needs by soil test. Fertil-
ization is similar to that used to grow 100- to 150-bush-
els-per-acre corn. Incorporate fertilizer in the soil prior 
to seeding or apply at least six months before for no-till 
seedings. The soil pH should be maintained between 
6.0 and 6.5 for best results. 

Nitrogen fertilization is critical to achieve high yields 
and varies by previous crop (Table 7-11). Split applica-
tions of nitrogen should be made—half applied prior 
to seeding, and the remainder divided equally and 
applied after each cutting or grazing to achieve the 
most efficient use. Keep in mind possible volatilization 
losses of some forms of nitrogen when applied in the 
summer. Refer to Agronomy Facts AGF-205 or Bulletin 
E-2567, Tri-State Fertilizer Recommendations for Corn, 

Soybeans, Wheat and Alfalfa, for more information on 
nitrogen volatilization losses.

Table 7-11: Nitrogen Recommendations for Summer-
Annual Grasses.

Yield Goal (tons per acre)

Previous Crop 3–4 5–6 6+

 lb N per acre

Good legume stand 
    (5 plants/sq ft) 

0 0 40

Average legume stand
    (3 plants/sq ft) 

0 40 80

Grass sod 60 100 140

Soybeans 70 110 150

Other 100 140 180

Harvest Management
Table 7-12 summarizes the guidelines for harvest man-
agement of the summer-annual grasses.

Table 7-12: Harvest Information for Summer-Annual Grasses.
  ————— Fall Pasture ————— —————  Summer Pasture —————

Crop Silage When to Graze 

When to  
Terminate  

Grazing 
When to 

Graze 
Height After 

Grazing 
Between  
Grazings 

Sudangrass Late boot to early 
bloom.

18–24 in. tall At frost; may resume 
5–7 days after a killing 
frost.

18–24 in. tall 6–8 in. tall 2–3 weeks

Sorghum x 
Sudangrass 

Late boot to early 
bloom. 

30+ in. tall At frost; may resume 
5-7 days after a killing 
frost.

30+ in. tall 6–8 in. 
tall

2–3 weeks

Pearl millet Late boot to early 
bloom.

18–24 in. tall When utilized. 18–24 in. tall 6–8 in. tall 3–4 weeks

Forage Sorghum Soft dough to 
medium dough. 

———————————— Not recommended for pasture ————————————
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Direct-cut silage—Forage sorghum and sorghum-
sudangrass hybrids are well suited as silage crops. 
Harvesting forage sorghum in the dough stage and 
sorghum-sudangrass in the heading stage should pro-
vide sufficient dry matter content for ensiling without 
wilting.

Greenchop or wilted silage—Sudangrass should be 
cut at 18 to 40 inches of growth. Sorghum-sudangrass 
hybrids should be cut when at least 30 inches tall, and 
pearl millet cut in late-boot to early-bloom stage.

Hay—Sudangrass, sorghum-sudangrass hybrids, and 
pearl millet can be cut for hay. Harvest when the grass-
es are vegetative (before heading) or the plant reaches 
a height of four feet. Always use a hay conditioner to 
mow and crush the stems to improve drying. Even 
with a hay conditioner, it is difficult to field cure these 
grasses adequately for safe storage as hay.

Grazing—All of the summer-annuals, except forage 
sorghum, are suitable for grazing. Sufficient height 
must be achieved before grazing to reduce animal 
health problems and to optimize production. Graz-
ing plants that are less than 18 inches tall will weaken 
them, resulting in delayed regrowth. The chance of 
prussic acid poisoning is higher when grazing the 
sorghums before a full 18 inches of growth is present. 
Grasses in the vegetative stage are more palatable and 
nutritious. Trampling and wastage increases when 
grazing is delayed past the boot stage. Plants reach 
the grazeable height of 18 to 30 inches about six to 
eight weeks after planting. Rotational grazing or strip 
grazing management should be practiced. A sufficient 
number of animals should be placed on the pasture to 
graze the grass down in less than 10 days. After graz-
ing, clip the residue to about eight inches if old stems 
remain. This improves forage quality for the next graz-
ing period.

Animal Health Concerns
Prussic acid poisoning can occur when feeding sudan-
grass, sorghum-sudangrass hybrids, forage sorghum, 
or grain sorghum. These species contain varying con-
centrations of cyanogenic glucosides, which are con-
verted to prussic acid, also known as hydrogen cya-
nide (HCN). As ruminants consume forage containing 
high levels of cyanide-producing compounds, prussic 
acid is released in the rumen and absorbed into the 
bloodstream, where it binds hemoglobin and interferes 
with oxygen transfer. The animal soon dies of asphyxi-
ation. Prussic acid acts rapidly, frequently killing ani-
mals in minutes. Symptoms include excess salivation, 
difficult breathing, staggering, convulsions, and col-

lapse. Ruminants are more susceptible than horses or 
swine because cud chewing and rumen bacteria help 
release the cyanide.

Species and varieties differ in prussic acid poison-
ing potential—sudangrass varieties are low to inter-
mediate in cyanide potential; sudangrass hybrids are 
intermediate; sorghum-sudangrass hybrids and forage 
sorghums are intermediate to high; and grain sorghum 
is high to very high. Piper sudangrass has low prussic 
acid poisoning potential, and pearl millet is virtually 
free of cyanogenic glucosides.

Any stress condition that retards plant growth may 
increase prussic acid levels in plants. Hydrogen cya-
nide is released when leaf cells are damaged by frost, 
drought, bruising, cutting, trampling, crushing, or 
wilting. Plants growing under high nitrogen levels or 
in soils deficient in soil phosphorus or potassium tend 
to have high levels of cyanogenic glucosides. Fresh for-
age is generally higher in cyanide than in silage or hay 
because cyanide is volatile and dissipates as the forage 
cures.

Reducing the Risk of Prussic Acid Poisoning in 
Sorghum Species
When Grazing or Greenchopping

• Graze or greenchop only when grass exceeds 18 
inches in height.

• Do not graze wilted plants or plants with young 
tillers.

• Do not graze plants during or shortly after a 
drought when growth has been reduced.

• Do not graze on nights when frost is likely. High 
levels of the toxic compounds are produced within 
hours after a frost occurs.

• Do not graze after a killing frost until the plants are 
dry. Wait five to seven days to allow the released 
cyanide to dissipate.

• After a non-killing frost, do not allow grazing 
because the plants usually contain high concentra-
tions of toxic compounds. Once the first frost has 
occurred, grazing should not begin until five to 
seven days after a killing frost.

• Don’t allow hungry or stressed animals to graze 
young sorghum grass growth. 

• Feeding green-chopped, frost-damaged plants has 
lower risk than grazing because animals have less 
ability to selectively graze damaged tissue; how-
ever, the forage can still be toxic, so feed with great 
caution.
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• Split applications of nitrogen decrease the risk of 
prussic acid toxicity, as do proper levels of phos-
phorus and potassium in the soil.

When Making Hay or Silage
• Frost-damaged annual sorghum grasses can be 

made into hay with little or no risk of toxicity. 
When plants are wilted enough to make dry hay, 
most of the volatile cyanide gas will have dissi-
pated.

• Normal silage-making allows most of the cyanide 
to dissipate from frost-damaged annual sorghum 
grasses. Delay feeding of silage for six to eight 
weeks after ensiling. 

• Silage that likely contained high cyanide levels at 
harvest should be analyzed for HCN content be-
fore feeding.

Nitrate poisoning can occur under conditions of high 
nitrogen fertilization, heavy manure applications, 
drought, overcast weather, or other stress conditions 
that retard plant growth. Under these stressful con-
ditions, high nitrate levels accumulate in the crop. 
Once forage is fed, nitrate is converted to nitrite in the 
animal. When nitrite levels are high, the animal can-
not metabolize it quickly enough, and nitrite inhibits 
oxygen transport in the blood. Symptoms include 
rapid breathing, fast and weak heartbeat, muscle trem-
ors, staggering, and death—if corrective steps are not 
taken.

The same management precautions for prussic acid 
poisoning help prevent nitrate poisoning. Pearl millet 
does accumulate high nitrate levels leading to nitrate 
poisoning. As mentioned above, pearl millet does not 
accumulate prussic acid. High nitrate levels persist 
when forages are cut for hay, but ensiling the crop re-
duces nitrates by one-half. If you suspect that forage 
contains high nitrate levels, have it tested before feed-
ing.

Poisoning of horses fed sudangrass, sorghum-sudan-
grass hybrids, and forage sorghum has been reported. 
The exact cause of poisoning is not known. Do not feed 
horses any of these summer annual grasses.

Brassica Crops
Forage brassicas are fast-growing annual crops that are 
highly productive and digestible. Crude protein levels 
range from 15% to 25% in the herbage and 8% to 15% 
in the roots, depending on nitrogen fertilization rate 
and weather conditions. The most commonly used 
forage brassica crops are rape, turnip, kale, and swede. 

They can be grazed from 80 to 150 days after seeding, 
depending on species (Table 7-12). These crops offer 
great potential and flexibility for improving livestock-
carrying capacity from August through December. 
Spring-seeded brassicas boost forage supply in late 
summer. Summer-seeded brassicas extend the grazing 
season in late fall and early winter.

Rape (Brassica napus L.) is a short-season, leafy crop 
whose stems and leaves are eaten by the grazing ani-
mal; rape can also be green-chopped. It has fibrous 
roots, and each plant produces many stems. Rape 
regrows after harvest and is the easiest brassica spe-
cies to manage for multiple grazings. Mature rape is 
excellent for fattening lambs and flushing ewes. Rape 
yield is generally maximized with two 90-day growth 
periods, but some varieties yield better with one 180-
day growth period, while rape hybrids yield best with 
60 days of growth for the first harvest followed by 30 
days for the second harvest.

Turnip (Brassica rapa L.) is a fast-growing crop that 
reaches near maximum production 80 to 90 days after 
seeding. Roots, stems, and leaves are grazed. The rela-
tive proportion of tops and roots varies markedly with 
variety, crop age, and planting date. The crude protein 
concentration of roots (8% to 10% CP) is approximately 
one-half of that in turnip top growth; however, stock-
piled tops are more vulnerable to weather and pest 
damage than roots.

Kale (Brassica oleracea L.) is a long-season, leafy 
brassica that produces some of the highest yields of 
the brassica family when it is spring-seeded. Some 
varieties are very cold tolerant, which allows graz-
ing of leaves and stems into December and January 
most years. Stemless varieties reach about 25 inches 
in height, whereas narrow stem kale grows to five feet 
with primary stems two inches in diameter. Stemless 
kale (e.g., ‘Premier’) establishes quickly and reaches 
maturity in about 90 days. Narrow stem kale is slower 
to establish and requires 150 to 180 days to reach maxi-
mum production.

Swede (Brassica napus L.) is a long-season brassica 
that produces a large edible root-like turnip. Swede 
produces higher yields than turnip, but it grows more 
slowly and requires 150 to 180 days to reach maximum 
production. Swede produces a short stem when not 
shaded. If plants are shaded, it produces stems 30 inch-
es tall. Swede does not regrow after harvest.

Hybrids of Chinese cabbage with rape, turnip, or 
swede can also be used for forage. Research informa-
tion on the production and management of these hy-
brids is limited.
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Establishment
Brassica crops germinate quickly and can be planted to 
provide either summer or late fall/winter grazing:

• Plant rape, turnip, and stemless kale in the spring 
(mid-April through May) to provide pasture in Au-
gust and September.

• Plant rape and turnips in July and August to pro-
vide grazing in November and December.

• Plant swede and kale in the spring for grazing in 
November and December.

Brassica crops require well-drained soils with a pH 
between 5.3 and 6.8 for good production. Seeding rates 
for rape and kale are 3.5 to 4.0 lbs per acre, while turnip 
and swede are 1.5 to 2.0 lbs per acre. In the spring, use 
the higher side of the suggested seeding rates. Plant 
seeds in six- to eight-inch row spacings at ¼ to ½-inch 
deep in a firm seedbed. Apply 50 to 75 pounds of ni-
trogen per acre at seeding to stimulate establishment 
and seedling growth. Weed competition should be con-
trolled during brassica establishment, otherwise stand 
establishment failures are very likely.

On conventionally prepared seedbeds, brassica seed 
can be broadcast and incorporated with cultipacking. 
No-till seeding into grain stubble or grass sod is recom-
mended, but weeds and sod must be suppressed for 
two to three weeks to allow the brassicas to establish. 
Apply either paraquat or glyphosate for sod suppres-
sion. Another alternative is to apply a manure slurry or 
liquid nitrogen solution to burn the sod back, then no-
till plant the brassica seeds. Brassicas can also be seeded 
with rye or other small grains to provide forage growth 
and protect the soil after brassicas are consumed.

Fertilization
Determine lime and fertilizer needs by a soil test. Ad-
equate phosphorus and potassium are important for 
optimum growth. In addition to the nitrogen applied 
at planting (50 to 75 lbs per acre), another 70 lbs per 
acre should be applied when multiple grazings are 
planned with rape and turnips. This second applica-
tion should be made from 60 to 80 days after seeding. 
Nitrogen application in a chemically suppressed grass 
sward tends to increase the efficacy of the suppressing 
herbicide. This reduces the proportion of grass in the 
brassica-grass sward, which is not always advanta-
geous. Avoid excessive nitrogen and potassium fer-
tilization to prevent animal health problems (see the 
section on Animal Health Concerns With Brassicas).

Harvesting
Although brassicas can be harvested for greenchop, 
they are most often grazed (Table 7-13). Rotational 
grazing or strip grazing helps reduce trampling and 
waste by livestock. Graze small areas of brassicas at a 
time to obtain efficient utilization. Rape is most easily 
managed for multiple grazings. Leave six to 10 inches 
of stubble to promote rapid regrowth of rape. When 
turnips are to be grazed twice, allow only the tops to 
be grazed during the first grazing. Turnip regrowth is 
initiated at the top of the root. Both rape and turnips 
should have sufficient regrowth for grazing within 
four weeks of the first grazing.

Stockpiling these crops for grazing after maturity 
should only be attempted when plants are healthy and 
free of foliar diseases. Some varieties are more suited 
for stockpiling because they possess better disease 
resistance. Do not grow brassica crops on the same 
site for more than two consecutive years to prevent 
the buildup of pathogens that limit stand productivity. 
Insect problems are not a consistent problem in Ohio.

Table 7-13: Harvest Information for Brassica Crops.
  —————— Fall Pasture —————— —————— Summer Pasture ——————

Crop Silage When to Graze 
When to Terminate  

Grazing When to Graze 
Height After 

Grazing 
Between 
Grazings 

Rape Generally not 
recommended. 

80–90 days after 
summer seeding 

When herbage utilized. 80–90 days after 
spring seeding 

6–10 in. tall 4 weeks

Turnip Generally not 
recommended.

80–90 days after 
summer seeding

When roots and herbage 
utilized.

80–90 days after 
spring seeding

6–10 in. tall 4 weeks

Kale Generally not  
recommended.

150–180 days after 
spring seedinga

When herbage utilized. Growth insufficient for summer grazing; not 
recommended.a

Swede Generally not 
recommended. 

150–180 days after 
spring seeding

When roots and herbage 
utilized.

Growth insufficient for summer grazing; not 
recommended.

a   The ste�
three to four inches; therefore, Premier stemless kale provides summer grazing when spring seeded.
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Animal Health Concerns With Brassicas
Brassica crops are high in crude protein and energy, 
but low in fiber. The low fiber content results in rumen 
action similar to when concentrates are fed. Sufficient 
roughage must be supplemented when feeding bras-
sicas to ruminant animals. If grazing animals are not 
managed properly, health disorders, such as bloat, 
atypical pneumonia, nitrate poisoning, hemolytic ane-
mia (mainly with kale), hypothyroidism, and polioen-
cephalomalacia, may occur. 

These disorders can be avoided by following two 
guidelines:

• Introduce animals to brassica pastures slowly and 
avoid abrupt changes from dry summer pasture to 
lush brassica pasture. Do not turn hungry animals 
into brassica pasture, especially if they are not 
adapted to brassicas. 

• Only two-thirds of the animal’s diet should be 
comprised of brassica forage. Supplement with dry 
hay or allow grazing animals access to grass pas-
tures while grazing brassicas. No-tilling brassicas 
into existing grass pastures helps reduce the risk of 
these disorders, if sufficient grass growth is avail-
able for grazing.
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Chapter 8
Multiple Cropping
By Dr. Jim Beuerlein

Multiple cropping is the establishment and harvest 
of a second crop in the same season that a first crop 
is harvested. A number of multiple cropping systems 
using winter cereals (wheat, barley, rye, and spelt) as a 
first crop and soybean, sunflower, forage seedings and 
rapeseed (canola) as a second crop are either common-
ly used or are feasible. Corn grown for silage following 
a first cutting of hay and soybean after winter wheat 
are the most widely used double crop systems in Ohio. 
There are two forms of multiple cropping: 1) double 
cropping and  2) relay cropping. With double crop-
ping the second crop is planted following the harvest 
of the first. Relay cropping consists of interseeding the 
second crop into the first crop before it is harvested.  
Both systems are employed in Ohio, with double crop-
ping being the preferred system south of I-40 and relay 
cropping to the north of I-40. The relay technique en-
ables the production of a second crop in the northern 
part of Ohio where time for a second crop following 
wheat harvest is usually inadequate.

Multiple Cropping Requirements
Multiple cropping drastically reduces the elapsed time 
between successive crops and therefore can greatly 
increase the disease pressure for both crops. Where 
intense multiple cropping is practiced, the beneficial 
effects of crop rotation (weed, insect, and disease con-
trol) are totally negated.

There are two primary requirements for profitable 
multiple cropping: 
 1. There must be adequate time for the produc-

tion of a second crop.
 2. There must be adequate water to produce two 

crops, whether from stored soil moisture, rain-
fall, or irrigation. 

Because the soybean crop is photoperiod sensitive and 
matures in response to day length, it is ideally suited 
for multiple cropping systems where planting dates for 
the second crop are later in the season and can be vari-
able due to weather. 

Currently, most multiple cropping systems depend 
solely on a combination of rainfall and stored soil 
moisture to supply adequate water for two crops. Irri-
gation can be used as a supplement for soils with a less 
than adequate water supplying capacity and/or inad-
equate rainfall. While irrigation can greatly increase 
the consistency of crop yields, it also increases the cost 
of production. In the eastern Corn Belt, the small grain 
crop generally removes water from only the top foot 
of soil and rainfall is typically greater than 3 inches 
per month. If the top 3 inches of soil is dry when the 
second crop is planted, germination is greatly slowed 
until the receipt of adequate rainfall. There also must 
be adequate surface soil moisture to enable the root 
system to grow into moist soil where water availability 
is more consistent. Because the water requirement is 
so large for multiple cropping, it is generally most suc-
cessful on soils with large water supplying capacities 
that are sometimes referred to as “good corn soils.” 
These soils are typically deep (54” to 72”) with loamy 
textures throughout the soil profile, and have high 
water supplying capacities in the range of 0.15 to 0.25 
inches of available water per inch of soil. They also 
have good internal drainage, either natural or artificial, 
and little restriction to root development and water 
movement such as zones where the soil bulk density is 
greater than 1.6. Depending on the weather during the 
growing season, a soybean crop can produce about 2.5 
bushels of soybean for each inch of rainfall and water 
removed from the soil. A wheat crop will usually use 
6 to 8 inches of rainfall and/or soil water. The receipt 
of 18 inches of rain distributed somewhat evenly dur-
ing May through September will usually allow the 
production of a 70-bushel wheat crop followed by a 
30 to 40 bushel soybean crop. Soil pH throughout the 
rooting zone should be in the range of 5.8 to 7.2 (plow 
layer 6.5 to 7.0) to allow for maximum root growth and 
water uptake. Soil permeability should be greater than 
0.6 inches per hour to allow rainfall to move into and 
through the soil. The soil shrink-swell potential should 
be low to moderate to reduce damage to the root sys-
tem as the soil dries and cracks.
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Figure 8-1. Relay crop soybeans between rows of 
wheat, ready to harvest.

Double Cropping With Forages
Legumes and grasses (alfalfa, clovers, brome, tall fes-
cue, orchard, timothy) in mixtures or in pure stands 
are sometimes broadcast seeded into small grains in 
late winter when the ground is still frozen. In these in-
stances the primary purpose of the small grain is weed 
control, although some grain or forage is sometimes 
harvested.  These forage seedings are usually intended 
for either livestock pasture, hay production or for soil 
improvement. Requirements for all methods of forage 
establishment are discussed in Chapter 7, Forage Pro-
duction. Seeding a forage crop without a cereal com-
panion crop is the preferred method.

A legume cover crop, such as red clover or vetch, is 
sometimes interseeded into winter grains to provide 
a source of nitrogen (N) for a corn crop the following 
year. Red clover is easily established, and the amount 
of N produced by one year of growth is sometimes 
adequate to support a normal corn crop. Herbicides 
that could injure the clover must be avoided if weeds 
are a problem in the small grain. Legume cover crops 
are also used intermittently for hay or grazing, but 
this would reduce their N value for a subsequent corn 
crop. In most situations, a legume cover crop is used 
to benefit the following crop, but its value as a nitro-
gen source varies, and the following crop may need 
additional N fertilizer. With emphasis on no-till crop 
production, the N value of various legume cover crops 
is reduced by 40 to 70 percent, because the legume resi-
due is not incorporated into the soil. 

Double Cropping Wheat and Soybean 
Early planting of the second crop is essential for suc-
cess, which requires harvest of the wheat as early as 
possible. Potential double crop soybean yield decreas-
es by one bushel for each day that planting is delayed 
after June 20. Early wheat harvest can be accomplished 
by planting an early to mid-maturity wheat variety 
soon after the fly-free date in the fall and harvesting 
when the grain moisture decreases to 18% to 20% and 
then using air with or without supplemental heat to 
dry the grain. These actions combined can save several 
days that would normally be used to field-dry wheat 
to 10 to 14 percent moisture. If a grower wishes to 
maximize wheat production because of the high value 
of wheat relative to a following crop, early harvest 
may be less important. Using later maturing varieties 
and optimum levels of N fertilizer generally increases 
wheat yields, but delays harvest.

Below-normal temperatures in June delay wheat matu-
ration, which may require growers to reconsider plant-
ing the second crop. For someone considering double 
cropping, it may be necessary to have two wheat va-
rieties differing in maturity available in the event that 
wheat maturation is delayed. In southern Ohio, soy-
bean varieties with maturity ratings of 3.4 to 3.9 will 
usually mature before the first freezing temperature 
if planted in June. Other than selecting a variety that 
matures before the first freeze, variety selection is not 
as important for double cropping as it is for a full sea-
son crop. Ohio studies have shown that early planting 
and July-August rainfall have a much greater impact 
on double crop soybean yield than does variety.

Straw remaining after grain harvest must be managed 
so as not to interfere with planting the second crop. 
Some stubble may be left to provide mulch cover. 
Leaving an 8 to 12-inch stubble with the combine and 
baling the cut straw is an efficient practice and market-
ing the straw adds income from winter wheat. Alter-
natively, the straw can be chopped and spread evenly 
on the field. Usually, a no-till planter or no-till drill can 
plant through chopped straw, if the soil is not exces-
sively wet or dry and hard. 

Soil moisture at the time of planting the second crop 
is critical for its success, because average rainfall in 
July and August often does not replace the moisture 
used by the second crop. Table 8-1 shows that the 
probable soil moisture deficit is less than the potential 
maximum deficit, because a crop does not usually 
transpire moisture at a maximum rate as the soil dries. 
In most years, moisture used by wheat in May and 
June is replaced by rainfall, but in dry seasons some 
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subsoil moisture may be used, leaving an inadequate 
amount of water for the second crop. Soils with low 
available water holding capacity are not suitable for 
double cropping soybeans. Generally, such soils are 
poorly drained, somewhat poorly drained without 
tile, eroded, or sandy. Growers should also be aware of 
the water holding capacity of their soil, and rainfall in 
May and June when planning to double crop soybeans 
after wheat. An important rule of thumb to consider 
is: “if June is dry, don’t try to double crop.” Increased 
nitrogen application for the small grain produces more 
vegetation, which increases soil moisture use. Because 
wheat uses moisture from the upper 8 to 12 inches of 
soil, growers should be aware of the moisture remain-
ing below that depth. 

Table 8-1: Estimated Moisture Balance (Inches) in North Central Ohio Soils for Double Crop Winter Wheat and 
Soybeans.*
 Cumulative Soil Moisture Deficit

Month 
Average  

Precipitation 
Average Open Pan 

Evaporation Potential Probable
May 4.0 5.2 1.2 1.0

June 4.0 6.2 3.4 2.8

July 4.2 6.6 5.8 4.2

August 3.7 5.8 7.9 5.9

September 3.1 4.2 9.0 6.5

*   Poorly drained soils with fragipans may hold as little as 5 inches available water at field capacity, whereas well-drained deep soils may 
hold more than 10 inches in the rooting zone.

Because of the short growing season remaining after 
wheat harvest and other time constraints, double crop 
soybeans should be planted no-till. The surface resi-
due associated with no-tillage planting helps reduce 
moisture lost by evaporation and increases rainfall 
infiltration. In dry years, no-tillage planting can make 
a difference between satisfactory and unsatisfactory 
seed germination resulting from the moisture saved. 
A goal should be to plant the second crop on the same 
day the first is harvested. Narrow row, no-tillage 
planters equipped with residue cutting coulters and 
double disk openers have performed well for double 
cropping, but modern no-till drills are excellent imple-
ments also. Because double crop soybeans do not grow 
very tall, they should be planted in narrow rows (7.5”) 
and planted at high seeding rates (minimum of 250,000 
seeds per acre) to obtain maximum leaf canopy and 
yield.

Weed control is not especially difficult with ordinary 
double cropping. The break between crops  allows the 
use of a nonselective herbicide, such as Gramoxone 
Extra or Glyphosate, to remove established weeds 

and the use of Glyphosate and glyphosate tolerant 
soybeans can be used to control weeds that develop 
following soybean planting. Occasionally, broadleaf 
weeds, such as Canada thistle or ragweed, become 
established in winter wheat fields and interfere with 
grain harvest or with the following soybean crop. 
These weeds can be controlled in the wheat crop 
with application of 2,4-D amine; 2,4-D ester; MCPA; 
dicamba; or Buctril. At the wheat hard-dough stage, 
2,4-D amine can be used to control some weeds that 
might be a problem for the following soybeans. Al-
ways read the herbicide label to ensure compliance 
with requirements for use.

Relay Intercropping Wheat and Soybean
Central and northern Ohio are near the limit where 
ordinary double cropping of soybeans is practical be-
cause of late harvesting of wheat and early autumn 
frosts. For these areas, relay intercropping offers in-
creased yield potential because the second crop is al-
ready established at the time the first crop is harvested. 
Improvements in winter wheat and soybean varieties, 
as well as equipment and crop management, make 
these two species especially well-suited for relay inter-
cropping.

For the relay intercropping system, soybeans are 
planted into standing wheat with a no-till planter or 
drill beginning in early May and can continue as long 
as damage to the wheat can be minimized. Early June 
should be the latest interplanting time because of a sig-
nificant decrease in soybean yield potential after that 
period and increased potential to damage the wheat 
crop. The optimum time for interplanting soybeans 
into the 10-15 inch space between wheat rows is late 
May to very early June. Growing wheat in wide rows 
facilitates the interplanting of soybeans. The spacing 
between wheat rows may vary as needed to accom-
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modate implement wheels. When planting wheat, 
plugging various seeding units allows the placement 
of disk openers in a pattern to accommodate tractor 
and planter wheels. Both wheat and soybeans can be 
planted with the same equipment or different planting 
tools may be used for the two crops. Any planting tool 
is satisfactory, provided that 18 to 24 wheat seeds are 

planted per foot of row and are evenly spaced. Row 
arrangement depends on available equipment and 
whether or not the grower emphasizes production of 
wheat or soybeans. Wheat row spacing has little effect 
on wheat yield and good yields can be obtained using 
wheat rows spaced 15 inches apart. Table 8-2 shows 
the effect of variety and row spacing on wheat yield in 
2001.

Table 8-2: Effect of Variety and Row Spacing on Grain Yield and Agronomic Characteristics of Wheat at Two 
Locations (Bucyrus and Wooster) in Ohio in 2001.

Height* Erect** Lodging Test Wt. Yield

Company Entry 7” 15”  7” 15” 7” 15” 7” 15”

—in.— —%— —lb/bu— —bu/ac—
Wellman W-101 35 34 1 0 0 55.8 56.3 77.8 77.4 

Stine 455 40 39 1 23 1 53.9 55.2 74.3 77.6

Beck’s 104 41 40 1 0 0 55.7 55.7 72.1 67.2

AgriPro Gibson 35 34 2 0 0 57.5 57.0 73.6 70.1

Peterson Genetics 980329 37 36 2 0 0 52.9 52.2 72.3 69.4

J.G. Limited 144J 36 35 1 15 4 54.3 55.5 69.3 67.7

Ag Alumni INW 9811 32 31 2 0 0 56.2 55.9 74.4 70.9

AGRA Zorro 37 35 2 10 0 57.5 56.7 71.6 67.2

ShurGro 1530 36 35 1 6 0 53.4 55.2 76.7 73.4

Croplan 527W 41 39 1 12 0 53.5 54.4 63.5 62.0

Pioneer 25R37 37 36 2 14 0 59.1 57.4 88.8 80.9

Bio Plant Res. BW 244 41 40 1 1 0 54.8 53.9 67.1 63.2

PSL Genetics, Inc. PSL 9903 40 39 1 14 0 56.0 56.0 62.2 61.7

J.G. Limited SR 01488J 39 38 1 24 3 54.5 55.8 73.3 72.2

AGRA Vicar 35 34 2 0 14 52.7 50.6 69.1 64.0 

AGRA Lisbo 39 38 2 0 0 59.3 57.8 86.8 81.4

AGI 540 41 39 2 0 5 59.0 58.2 67.1 66.8

NK Coker 9474 38 36 2 5 0 59.6 59.4 72.8 69.8

AgriPro D95-2883 39 38 3 2 0 53.4 53.3 68.9 62.9

Peterson Genetics W-301 36 35 2 17 0 55.5 55.7 72.3 71.1

Direct Ent. Inc. DEI 685 42 40 1 15 10 54.5 56.8 70.7 74.2

Hubner’s H201 40 39 1 24 0 55.9 56.0 74.3 78.1

AGRA Honey 37 36 1 4 3 54.3 54.3 78.8 75.1

HIGH 42 40 1 25 14 59.8 59.0 90.4 82.3

MEAN 38 37 1.5 8 2 55.6 55.6 72.9 70.7

LOW 32 31 3 0 0 51.7 50.5 60.4 59.3

LSD (0.3) 0.9 0.80 0.3 11 5 1.3 0.9 4.6 4.1

*    Height in inches.
**  Growth Habit: 1 = bushy or closed canopy; 2 = intermediate; 3 = erect or open canopy (good for relay cropping).
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Wheat and soybean yields produced using modern 
relay cropping techniques and systems are typically 
about 90 percent and 50 percent respectively of full 
season yields when adequate moisture is available 
for the relay soybean crop. Economics have generally 
favored using wider or fewer wheat rows, sacrificing 
some wheat yield in favor of increased soybean yield. 
The example budget in Table 8-3 shows that returns are 

highest with intercropping, next highest with mono-
culture soybeans, and lowest with monoculture wheat. 
These returns reflect the relatively high yield and high 
unit price of soybeans. In this case, intercropping prof-
itability is increased by sacrificing wheat yields to in-
crease soybean yields. Changing grain prices and input 
costs may shift the emphasis to either crop.

Table 8-3: Comparison of the Production Budgets of Monocrop Wheat and Soybeans with a Relay Crop System. 

Typical Budgets for Wheat, Soybeans, and Intercrop 
Using Six-Year MRI Replicated Plot Average Yields and Loan Rates for Grain Prices

Monoculture Intercrop

Unit Price Wheat Soybean Wheat Soybean

Item 77 bu 54 bu 73 bu 30 bu

Receipts Wheat  $ 2.50  $ 193.00  $ 183.00 

Soybean  $ 5.40  $ 292.00  $ 162.00 

Variable Costs

Seed Wheat  $ 7.00  $ 14.00  $ 14.00 

Soybean (RR)4  $ 18.00  $ 25.00  $ 10.00 

Fertilizer1 N  $ 0.20  $ 16.00  $ 15.00 

P2O5  $ 0.24  $ 12.00  $ 10.00  $ 11.00  $ 6.00 

K2O  $ 0.12  $ 4.00  $ 9.00  $ 3.50  $ 5.00 

Herbicide

2,4-D Ester 1 pt  $ 16.00  $ 2.00  $ 2.00 

Roundup 26 oz  $ 8.00 

Select (grass spot spray)2  $ 5.00 

Fuel, lubricants, trucking  $ 6.00  $ 6.00  $ 6.00  $ 4.00 

Repairs  $ 7.00  $ 12.00  $ 7.00  $ 7.00 

Miscellaneous  $ 12.00  $ 12.00  $ 6.00  $ 6.00 

Interest on operating capital (10% for 6 mos)  $ 5.00  $ 5.00  $ 5.00  $ 2.00 

Fixed Costs  
(less land and management)
Labor 2 hrs @ $8/hr  $ 16.00  $ 16.00  $ 16.00  $ 16.00 

Machinery and equipment3  $ 45.00  $ 45.00  $ 23.00  $ 22.00 

Land charge  $ 90.00  $ 90.00  $ 45.00  $ 45.00 

Total Costs per Acre  $ 229.00  $ 238.00  $ 153.50  $ 128.00 

Per Acre Returns to Management  $ (36.00)  $ 54.00  $ 63.505 
1  Crop removal applications of phosphorus and potassium applied.
2  Assumes spot spraying ¼ acreage; tank mix would cost about $20 per acre.
3  Assumes splitting machinery and land charge between the soybean and wheat crop.
4  Roundup Ready soybeans planted in conventional systems, now RR in MRI system.
5  Represents return per acre for both wheat and soybeans. 

Original budget from Profitable Wheat Management, Revised by Dr. S. Prochaska.
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Use of early-maturing wheat varieties is not as impor-
tant for relay intercropping as for double cropping, but 
harvesting wheat at high moisture (18 to 20 percent) 
allows for early release of the soybeans and decreases 
interference of soybeans with wheat harvesting. Test 
weight and quality of wheat is improved by early 
harvest (higher grain moisture), but the wheat must 
be dried for storage. It is important to understand that 
somewhat vigorous wheat is required in this cropping 
system to suppress soybean growth until the wheat 
is mature. Otherwise, soybeans grow too tall and are 
damaged during wheat harvest. If soybeans get too tall 
and wide row spacings are being used, shields may be 
added to the combine cutter bar to cover the cycle and 
push the beans down to prevent cutting the tops off 
excessively tall soybeans while harvesting wheat. 

If the wheat stand and its vigor are poor in the spring, 
either refrain from interplanting soybeans or wait until 
wheat is headed before interplanting. In several re-
search trials, the height of early May interplanted soy-
beans was about two-thirds that of wheat at harvest in 
early July, and were damaged during wheat harvest.  
Best results with intercropping in Ohio to date have 
been with soybeans planted in late May to early June 
when wheat heads are emerging. Traffic associated 
with plantings after this time tends to damage wheat 
and reduce its yield.  

Improvements in machinery design, wider equipment, 
and modifications to confine traffic to the barren strips 
in skip-row wheat plantings eliminates some crop 
damage. Shields to protect wheat from tires and plant-
er units are useful additions to the equipment when 
wheat rows are spaced 10 to 12 inches apart. Narrow 
rows should be carefully managed with respect to 
making wheel width and equipment adjustments to 
avoid damage to the wheat from soybean interplanting 
or to soybeans from wheat harvesting. In some cases, 
using narrow dual wheels on combines will reduce 
damage to the soybean crop during wheat harvest. 
Damage to soybeans increases progressively with de-
creasing wheat row spacing. During wheat harvests 
straw should be chopped and evenly spread to avoid 
smothering the soybeans.

It is very important that the wheat not lodge prior to 
harvest so that it can be harvested without excessive 
damage to the soybeans. To prevent lodging, use stiff 
straw, lodging resistant varieties and limit applications 
of nitrogen fertilizer. Ohio results have shown that the 
spring application of 75 pounds of nitrogen per acre 
(following soybeans) maximizes wheat yield without 
causing excessive lodging. Seeding rates for soybeans 
should be 6 to 7 seeds per foot in 15-inch rows and 4 

to 5 seeds per foot of 10-inch wide rows. Seed treat-
ment with Apron XL or Allegiance FL is encouraged to 
help control root-rot diseases, and the chosen varieties 
should have an Rps gene and good partial resistance 
to Phytophthora root and stem rot. The recommended 
seeding and nitrogen application rates for the wheat 
should not be exceeded to ensure that lodging of the 
wheat does not occur.  The least amount of wheat lodg-
ing slows harvest, reduces grain quality and increases 
the potential of damaging the soybean plants during 
wheat harvest. 

In northern Ohio, full season soybean varieties (rela-
tive maturity 3.5 to 3.8) have performed best in this 
cropping system when planted at the end of May. Later 
maturing varieties can be used in central Ohio. Early 
June plantings require slightly earlier maturing vari-
eties than late May plantings. Short season varieties, 
(relative maturity 2.8-3.1), flower too soon after plant-
ing and do not produce enough vegetative growth to 
provide a complete leaf canopy for maximum sunlight 
interception and therefore produce poor yields. 

Soil phosphorous and potassium levels should be 
greater than 15 and 150 ppm, respectively. Twenty 
to 30 pounds of nitrogen should be applied at wheat 
planting to encourage increased fall growth, and ear-
lier jointing and heading in the spring. Spring nitrogen 
applications should be made between March 1st and 
April 15th at the rate of one pound per bushel of yield 
goal. 

Weed control for the soybean crop in a relay inter-
cropping system can by accomplished by the use of 
Glyphosate and Glyphosate-tolerant varieties. Weed 
control recommendations for non-Glyphosate toler-
ant varieties can be found in Weed Control Guide for 
Ohio Field Crops, Extension Bulletin 789, available at all 
county offices of Ohio State University Extension and 
on the Internet at: http://agcrops.osu.edu/weeds/
documents/2005WeedControlforOHandIN.pdf

Alternative Wheat/Soybean Relay 
Intercropping System
This system uses rows spaced 15-inches apart for both 
the wheat and the soybeans and can be accomplished 
with equipment already available on the farm. With 
this system the soybeans are planted in early May 
rather than at the end of May as a means of eliminat-
ing damage to the wheat plants while planting the 
soybean. A full-season soybean variety is used in this 
system, and the seed coated with the new, patented 
IntelliCoat® polymer seed coating, RELAY™ CROP, is 
designed to delay germination until wheat head emer-
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gence in late May/early June. The IntelliCoat polymer 
seed coating is a new product available from Fielders 
Choice in Monticello, Indiana. For more information 
on this product look on the Internet at: www.intelli-
coat.com .

In early May, wheat plants are relatively small, and 
there is little chance of plant damage while planting 
the soybeans. The tractor should have narrow tires 
(10” to 13”) so as not to run over rows of wheat plants. 
Both grain drills and planters are satisfactory for this 
system as long as the soybean row is placed midway 
between the wheat rows. The major difference in this 
system and the normal relay intercrop system is the 
earlier planting of seed with a special coating to delay 
germination. As with the normal wheat/soybean relay 
intercrop system, the wheat variety must not lodge. 

The varieties selected for use in this system should 
have an erect growth habit and medium plant height. 
The yield potential of wheat grown using this system 
is 85% to 90% of non-intercropped wheat grown in 
7.5-inch wide rows. The seeding rate for 15-inch-wide 
wheat rows should be 18 to 24 seeds per foot of row, 
which cuts the seed cost per acre in half and partially 
compensates for the reduced wheat yield. The agro-
nomic characteristics of wheat varieties are presented 
in Ohio Wheat Performance Trials results, available from 
any county Extension office and on the Internet at: 
www.agcrops.osu.edu .

Emergency Aerial Seeding
Aerial seeding is primarily an emergency seeding 
method for fall-seeded small grains, but can be used to 
save time when other crops are being harvested. The 
time saved can sometimes offset the increased seed 
and seeding costs by permitting the timely harvest of 
other crops.

Planned aerial seeding of small grains is sometimes 
made into soybeans just before leaf drop so that the 
soybean leaves will provide some mulch cover for the 
seed. Sometimes, this occurs some weeks before the 
fly-free date. If the seed germinates before the fly-free 
date, there is an increased risk of infestation of Hes-
sian fly and viral and foliar diseases. However, there 
is often insufficient soil moisture and/or rainfall for 
germination of seed due to greatly reduced seed-to-soil 
contact. This usually results in delayed germination 
and an extended germination and emergence period. 
Seeding rates should be increased by at least 50% to 
compensate for these adverse seeding conditions. If 
the seed has not germinated by the time of soybean 
harvest, shallow tillage to cover the seed will improve 
germination.
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Chapter 9
Pasture and Grazing Management
David J. Barker and R. Mark Sulc

Livestock have unique effects on pasture that vary 
from the effects of mowing on forage. Factors such as 
selective grazing, uneven defoliation, manure, tread-
ing, and the variable energy requirements of livestock 
make grazing management complex. Balancing these 
sometimes conflicting effects takes a good understand-
ing of soil – plant – animal interactions that can best be 
gained from knowledge, practice, and experience.

Pastures are often the most economical way to provide 
forage for ruminant animals. A 50% reduction in feed 
costs can be achieved during the grazing season with 
well-managed pastures. Lowering feed costs is espe-
cially critical in livestock production systems that have 
a small margin of return, such as cow-calf enterprises. 
In such systems, techniques to extend the grazing 
season (especially into November and December) can 
keep costs to a minimum. Even on dairy farms, how-
ever, where pasture comprises a significant portion of 
the forage program, feed costs have been reduced by 
an estimated 50 cents to $1.00 per cow per day during 
the grazing season. Although grazing systems usually 
have lower production per animal, the reduced costs 
usually result in grazing systems being profitable.

Productive pastures that provide good animal perfor-
mance do not happen by accident. They are a result of 
careful planning and sound management. To achieve 
profitable returns from a pasture program, the man-
ager must have knowledge of animals, plants, and 
soils and be able to respond to their needs. This chap-
ter aims to introduce the basic principles and practices 
involved in grazing pastures for profitable animal pro-
duction.

Grazing Systems
The goal of a grazing system is to provide sufficient 
pasture of appropriate quality for livestock throughout 
the grazing season. Major feed deficits that occur in 
winter and during drought in summer can be offset by 
feeding forage conserved from the surplus in spring 
or growing drought-tolerant forages such as summer 
annual grasses. Forage species differ in their periods 
of growth and utilization (Figure 9-1 and Table 9-1), 
and these differences can be exploited to optimize the 
length of the grazing system for a particular enterprise. 
Cool-season pastures are the foundation of pasture 

systems in Ohio. Permanent cool-season pastures can 
be supplemented with semi-permanent cool season 
pasture (e.g., hayland providing temporary supple-
mental pasture), perennial warm-season pasture, and 
annual pastures (e.g., brassicas, small grains, annual 
warm-season grasses). There is no one best combina-
tion of types of pastures. It is important to maintain 
flexibility when designing pasture systems, because 
needs and conditions change from season to season 
and year to year.
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Kentucky bluegrass/
white clover
(unimproved)

Kentucky bluegrass/
white clover
(improved)

Tall grass/legume

Tall grass
150 lbs N/A

Warm season
grasses

Stockpiled tall fescue

Summer seeded
brassicas or oats

Winter cereals
(rye, wheat, triticale)

Figure 9-1. Seasonal patterns of forage production/
utilization. (lb DM/ac/day.)

Pasture areas can also be stockpiled (left ungrazed) 
during certain seasons to accumulate forage for graz-
ing when pasture production is not sufficient to meet 
animal needs. For example, birdsfoot trefoil can be 
stockpiled in the spring to be grazed during the sum-
mer slump in pasture production. Most commonly, tall 
fescue is stockpiled during late summer and fall for 
late fall and winter grazing. Stockpiling pasture pro-
vides available forage during seasons when low pro-
ductivity of pastures might force the producer to feed 
hay or sell livestock.
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The varying nutritional requirements of livestock add 
to the complexity of a grazing system. Within a season, 
livestock will require different amounts and quality of 
forage depending on their physiological state. For ex-
ample, dry cows and early pregnancy cows have a low 
nutritional requirement, with their diet only needing to 
meet their maintenance requirement. Lactating females 
have an energy requirement two to three times greater 
than non-lactating females. The timing of calving/
lambing has a large impact on the demands on forage 
supply; traditional systems will have peak demands 
coincide with spring forage production, however, there 
are many exceptions to that pattern. Young livestock 
have a higher requirement than mature (male and dry 
female) livestock. Balancing the nutritional require-
ments of diverse groups of livestock within a season 
requires considerable skill and planning.

Stocking Rate
The most important variable for grazing management 
is stocking rate. No grazing system can adjust for a 
long-term mismatch between total forage supply and 
forage consumption. Grazing management means 
controlling the frequency and intensity of grazing by 
livestock (Table 9-2). These each have unique effects 
on individual pasture species, livestock intake, and the 
resultant forage production.

Controlling grazing pressure is important to maintain 
desirable forage species in pastures. Long periods 
of low grazing pressure typically cause a loss of le-
gumes from the stand, because they are selectively 
and frequently grazed, which weakens the plant (new 
regrowth is grazed off). Long periods of high graz-
ing pressure may result in temporary or long-term 
decreases in pasture productivity and loss of desirable 
species from the stand.

Table 9-1: Pasture Calendar Guide. Annual Forage Yield for Various Pastures and the Approximate Availability for 
Grazing (Percent per Month and Percent per Year).

Pasture Type 
Fertility and  
Management

Annual 
Yield 

lb DM/ac

Utilization by Grazing, %

Annual1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Bluegrass pasture
   unfertilized–poor 2,000 100 –– –– –– –– 35 30 10 5 10 10 –– ––

   unfertilized–fair 3,000 100 –– –– –– –– 30 30 10 5 15 10 –– ––

   fertilized (L-P-K)2–good 5,000 100 –– –– –– 5 30 25 10 5 10 10 5 ––

    fertilized (L-N-P-K)–very 
good

7,000 100 –– –– –– 5 30 30 10 5 10 5 5 ––

   extended grazing3 7,000 100 –– –– –– 5 15 15 15 10 10 15 10 5

   deferred grazing3 7,000 954 –– –– –– 5 30 25 –– –– 5 10 10 10

Orchardgrass 
   unfertilized–fair 5,000 100 –– –– –– 10 25 25 15 5 10 5 5 ––

   fertilized (L-N-P-K)2 11,000 100 –– –– –– 10 25 25 15 5 10 5 5 ––

Tall fescue
   unfertilized–fair 5,000 100 –– –– –– 10 25 25 15 10 5 5 5 ––

   fertilized (L-N-P-K)2 11,000 100 –– –– –– 10 25 20 5 5 15 10 5 ––

   fertilized winter stockpile3 11,000 904 15 10 10 5 20 20 –– –– –– –– –– 10

Timothy (L-N-P-K)2–very 
good

6,400 100 –– –– –– 10 35 30 5 –– 10 5 5 ––

Smooth bromegrass  
(L-N-P-K)2–very good 

8,000 100 –– –– –– 10 30 25 5 5 10 10 5 ––

Alfalfa-grass
   unfertilized–fair, pastured 6,000 100 –– –– –– 5 25 35 15 15 5 –– –– ––

continued on next page



126

Pasture Type 
Fertility and  
Management

Annual 
Yield 

lb DM/ac
Utilization by Grazing, %

Annual1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Alfalfa-grass (continued)
    fertilized (L-P-K)5–very 

good, pastured
12,000 100 –– –– –– 5 25 25 20 20 5 –– –– ––

    unfertilized–fair, hayed 
then grazed

6,000 504 –– –– –– –– –– –– 20 20 10 –– –– ––

    fertilized (L-P-K)5–very 
good, hayed then grazed

12,000 454 –– –– –– –– –– –– 15 20 5 –– –– ––

Mixed meadow (0-30% legume)
   unfertilized–fair, pastured 4,000 100 –– –– –– 5 30 35 15 10 5 –– –– ––

    fertilized (L-N-P-K)5–very 
good, pastured

9,000 100 –– –– –– 5 25 30 15 15 5 –– 5 ––

    unfertilized–fair, hayed 
then grazed

4,000 504 –– –– –– –– –– –– 20 20 10 –– –– ––

    fertilized (L-N-P-K)5–very 
good, hayed then grazed

9,000 454 –– –– –– –– –– –– 15 20 10 –– –– ––

New pasture–spring seeded 
(L-N-P-K)

4,000 354 –– –– –– –– –– –– 10 15 10 –– –– ––

New pasture–spring seeded 
(L-N-P-K)

4,000 354 –– –– –– –– –– –– 10 15 10 –– –– ––

Oats–seeded March  
(L-N-P-K)

4,500 100 –– –– –– 10 50 40 –– –– –– –– –– ––

Oats – seeded August  
(L-N-P-K) 3

4,000 100 –– –– –– –– –– –– –– –– 10 35 35 20

Sudangrass/Sorghum-
sudangrass– seeded May 
(L-N-P-K)

8,000 100 –– –– –– –– –– 10 35 35 15 5 –– ––

Winter cereal–seeded 
September3 (L-N-P-K)

5,000 100 15 10 10 25 –– –– –– –– –– 10 15 15

Gleaning corn stalks3 6,000 304 –– –– –– –– –– –– –– –– –– –– 25 25

Brassica (turnips, kale, 
rape)3–seeded August

4,000 100 20 –– –– –– –– –– –– –– –– 20 30 30

1   Proportional annual yield that is available for grazing; excludes hay, silage, and “losses.” Yield can be converted to animal unit (AU) 
grazing�
daily intake by one cow (1,000 lb of animal), one dairy cow, two heifers/stockers, five ewes, one horse, six goats, or six sows.

2  L = lime (pH>6), N = nitrogen (100 lb N/ac/year), P = phosphorus (soil P>50 lb P/ac), K = potassium (soil K>250 lb K/ac).
3   Variation�

patterns can be achieved by re-allocating rations.
4   Uti�

occurring during deferred grazing management.
5  N not recommended for alfalfa; N only recommended on mixed pasture if legume < 30%.

(Table 9-1 continued) Pasture Calendar Guide. Annual Forage Yield for Various Pastures and the Approximate 
Availability for Grazing (Percent per Month and Percent per Year).
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Grazing Management

The most controversial debate among graziers is the 
comparison between continuous and rotational graz-
ing. 

• Continuous grazing involves stocking a (usually 
fixed) number of livestock in a large area for a pro-
longed (more than two-month) period. Animals 
have a high degree of selectivity during the first 
part of the grazing period. If the grazing period 
is too long, plants grazed at the beginning of the 
grazing period are likely to have regrowth that is 
grazed off again before the grazing period ends, 
resulting in reduced plant productivity.

• Rotational grazing involves fencing a pasture into 
several smaller sections called paddocks so that only 
one paddock is grazed at any given time while the 
remainder of the pasture is rested. This subdivision 
of the pasture area puts the manager in control of 
the grazing pressure. Putting the herd in a small 
paddock results in rapid utilization of available 
forage. Once the paddock is grazed to the desired 
degree, animals are moved to a fresh paddock. 
This grazing of paddocks in sequence allows for-
age in each paddock to rest between grazings; 
thus, the forage plants are able to regrow and re-
new energy reserves for vigorous regrowth.

• Management intensive grazing (MIG) is a form of 
rotational grazing that usually involves 20 to 40 
paddocks with grazing periods of one to five days. 
The most intensive rotational grazing systems 
have two to three moves per day. In these systems, 
there is more control of what the animal eats and 
normally better growth and persistence of desir-
able pasture plants. The stocking rate is very high 
within one paddock (high grazing pressure), usu-
ally resulting in high utilization. The manager must 
be careful to move animals to the next paddock 
when the available pasture falls below its optimum 
range. 

In general, begin grazing tall grasses when they are 
seven to eight inches tall and remove animals when 
grass has been grazed down to a three-inch height or 
less. Begin grazing short grasses, such as Kentucky 
bluegrass, when they are five to six inches tall and 

remove animals when grass is grazed down to a one- 
to two-inch height. These general guidelines should 
be modified based on the predominant pasture spe-
cies. Highly productive dairy animals may need to be 
removed from paddocks before the plants reach these 
heights, or milk production levels are likely to fall. 
In such situations, an excellent grazing management 
practice is to let highly productive animals (such as 
lactating cows) topgraze the paddock first, followed 
by a lower producing group of animals (such as dry 
cows) to clean-up by grazing the paddock down to the 
desired height.

When managing a rotational grazing system, stock-
ing rate and available pasture should be optimized. 
Growth rate of the pasture varies depending on the 
season, weather conditions, and soil productivity. Con-
sequently, in most pasture systems, growth rate varies 
among pasture areas. Rest periods need to be flexible 
and should be based on the growth rate of the pas-
ture (Table 9-2). It is best to not use a rigid rotational 
scheme, but to move animals to those paddocks that 
have reached their optimum available pasture (opti-
mize forage quantity and quality). Spring management 
usually involves diverting some of the pasture acreage 
for hay or silage production to use the excess forage 
growth produced.

There are numerous combinations of grazing frequen-
cy (rotation rate) and grazing intensity within grazing 
systems (Table 9-2). There a few ‘rights’ and ‘wrongs’ 
with grazing management, and graziers need to find a 
system that satisfies their overall objectives. Some com-
monly recommended grazing frequencies and intensi-
ties for different seasons are shown here. It should be 
noted that within a farm with fixed area and stocking 
rate, increasing the grazing frequency (i.e., a slower 
rotation) will also result in closer grazing. Pastures 
can compensate from an intense grazing by having a 
longer period for recovery. As a generalization, we use 
fast rotations during periods of high pasture growth 
rate, and slow rotations during periods of slow growth 
rate. Repeated and close grazing (i.e., overgrazing) can 
only occur on isolated paddocks, or on an over-stocked 
farm. Infrequent and lax grazing (undergrazing) can 
only occur on isolated paddocks, or on an under-
stocked farm.
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Table 9-2: Grazing Frequency and Grazing Intensity Combinations Within Grazing Systems.

Frequency (Rotation Rate)

Very High 
(<15 days)

High 
(15-25 days)

Medium 
(~30 days)

Low 
(>40 days)

Very Low 
(4-6 weeks)

In
te

ns
ity

Very high 
(2” residual)

‘Hay’  
management

High
(3” residual) Over-grazing/over-stocking Fall and winter 

grazing

Medium 
(4” residual) Summer grazing

Low
(5” residual)

Late-spring/  
early-summer 

grazing
Under-stocking/under-grazing

Very low 
(6” residual) Spring grazing

The species and class of grazing animal may determine 
the grazing period. Since lactating dairy cows need 
consistent quality forage, their grazing period may 
be anywhere from a half day to two days. Beef cows, 
brood ewes, and most other ruminants do not require 
as consistent quality forage, and longer grazing peri-
ods should suffice.

The advantages of rotational grazing systems include 
less grazing selectivity, better nutrient dispersal, fa-
miliarity with the livestock and regular field inspec-
tions (because of more frequent pasture visits), ease of 
switching an area to hay/silage conservation, better 
control of forage utilization, ease of quantifying live-
stock intake (pre- and post-grazing yield measure-
ment), and maximization of intake on taller forage. 
There are also disadvantages that include the need 
for more fencing, more water sources, and more time 
spent with stock movement (typically daily). Also, 
livestock can be forced to eat forage they might have 
otherwise rejected.

Contact your county Extension office for resources 
available to assist you in developing a rotational graz-
ing system.

Feed Budgeting
Inventory control is an essential component of any 
business, including a grazing system. While measure-
ment of the merchandise on-hand might be easy for 
many businesses, it is more difficult (but not impos-
sible) for a grazing farm. In an ideal system, the rate of 
forage growth matches the rate of intake by livestock, 
but life is seldom ideal. With grazing, there are distinct 
periods of surplus forage (in spring) and of deficit 
forage (in summer and winter). Grazers expect these 
surpluses and deficits and have strategies in place to 
address those events. In addition, other climatic vari-
ables such as a cooler spring, wetter summer, or late 
fall can present opportunities for grazing once they are 
identified. A well-monitored grazing system should 
have targets for farm cover (available forage) for every 
month of the grazing season and a monitoring system 
to ensure targets are met.

Pasture can be measured using various systems, in-
cluding eye estimation, pasture height and the con-
version of 300 lb per inch (400 lb/inch for perennial 
ryegrass and Kentucky bluegrass), rising plate meter, 
and pasture meter (e.g., capacitance). Measurement of 
each paddock on a farm is suggested on a one- to four-



129

week basis, and most farmers monitoring this data em-
ploy a computer to take care of the many calculations. 
One estimate calculated that one hour per day invested 
in feed budgeting could increase annual farm profit by 
$6 to $48 per cow.

Improving Production
When developing a pasture improvement program, 
the producer should begin by considering his or her 
goals and the resources present. A pasture’s current 
condition and its anticipated use should determine 
whether to reestablish, renovate, or leave the pasture 
as is. It usually is not necessary to tear-up existing pas-
tures to improve productivity. Many pastures can be 
improved without renovation simply by implementing 
good grazing management, controlling weeds, and ap-
plying lime and fertilizer where needed.

Improvements in forage production are of little benefit 
unless there is also an increase in farm stocking rate. 
Often, identifying the correct stocking rate is the most 
important attribute of a grazing system. Increases in 
forage production can result in a small increase in 
per-head performance of livestock; however, such in-
creases usually have a minor effect on farm profitabil-
ity compared to the benefits resulting from additional 
livestock. In grazing systems we need to think more 
about product per acre, than product per animal.

Fertilization
Fertilization is usually the easiest management prac-
tice for increasing pasture production (Table 9-1). Good 
fertility usually enables earlier spring grazing, extends 
the pasture season, increases pasture quality, and is 
more profitable. Good soil fertility is usually neces-
sary to retain the most productive species. A soil test 
is the best guide for proper fertilization. In pasture, 
20 to 50 samples should be taken throughout the area 
to be tested, avoiding manure piles since these have 
enriched nutrient status. Pastures frequently have low 
pH, phosphorus (P), potassium (K), and nitrogen (N). 
Each nutrient needs to be considered separately.

Soil pH is a measure of soil acidity. Soils with a pH 
less than 5.5 can be a problem for certain pasture spe-
cies, and correction with lime is recommended. Re-
sponses of pastures to lime are similar for hayed for-
ages and are addressed in Chapter 7.

Phosphate fertility is necessary to encourage legume 
growth. In general, legumes are less competitive for P 
than grasses, due to having fewer and coarser roots. 
One unique aspect of grazing is that P is enriched in 

dung piles, and some researchers argue a lower ef-
ficiency of P fertilization under grazing. Over time, 
however, P achieves an equilibrium, and recommenda-
tions for P in pastures are similar to hayed forages (see 
Chapter 7).

Potassium fertilizer requirements are frequently less 
for pastures than for hayed forages. Potassium com-
prises 2% to 4% of forages, and losses anticipated with 
hay removal should be corrected by fertilizer applica-
tion. Potassium losses under grazing are much less, 
and fertilization according to a soil test will address 
any requirements.

Nitrogen fertilization requirements in pastures depend 
a great deal on the legume content. Many pastures 
vary from hayed meadows by having a significant 
legume content. If legumes constitute more than 35% 
of the pasture, then nitrogen is not recommended, 
because the legume contributes adequate nitrogen 
through nitrogen fixation. In the absence of legumes, 
nitrogen is the most limiting factor to growth of pas-
ture grasses, especially the tall-growing species. Pas-
ture grass yields can be increased two- to five-fold by 
adequate fertilization with nitrogen. Nitrogen can also 
be strategically used to stimulate extra growth during 
certain seasons. An example is late summer nitrogen 
fertilization of tall fescue to stimulate fall growth for 
stockpiling. For more details on nitrogen fertilization, 
refer to Chapter 7, Forage Production.

Nutrients should cycle naturally in a well-managed 
pasture through nitrogen fixation from legumes and 
livestock excrement. Usually 80% or more of nutrients 
ingested by livestock are excreted back onto pasture. 
Additional fertilizer is required to compensate for nu-
trients that might be exported from a pasture as milk 
or meat. 

The distribution of recycled nutrients through graz-
ing animals is dramatically affected by grazing man-
agement. An assessment of the uniformity of animal 
manuring across the pasture should be made before 
crediting the returned nutrients to the entire pasture 
acreage. Soil test every three to four years to monitor 
changes in fertility status across pastures.

Weed Control
A properly maintained pasture promotes a vigorous 
sod that competes well against most weeds. Good 
grazing management will control many weeds sim-
ply by defoliation; sheep and goats are exceptional 
bio-control agents! Not all weeds are detrimental, and 
some weeds can be beneficial to livestock by having a 
high mineral content. There are commercial grazing 
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varieties of some species, such as chicory and plantain, 
that once were considered weeds. Some weed prob-
lems can develop from overgrazing, treading damage, 
poor fertility, or pH problems. Correcting these cul-
tural aspects of pasture management will frequently 
result in effective control. Occasional mowing helps 
reduce invasion by woody perennials. Clipping weeds 
in the bud to early bloom stage weakens them by de-
pleting root reserves and preventing seed production. 

Herbicides should only be used to control serious 
weed problems in pastures (refer to Bulletin 789, Weed 
Control Guide for Ohio Field Crops). Only poisonous, 
noxious, and thorny weeds warrant specific control. 
If weeds are widespread, broadcast applications are 
needed; if weeds occur in patches, spot spraying 
is more appropriate and less costly. Because most 
broadleaf herbicides remove desirable legumes from 
pastures, minimize their use. Once weeds are con-
trolled, avoid spreading manure contaminated with 
weed seeds, clean equipment after working in weed-
infested pastures, and keep fence rows free of problem 
weeds.

Pasture Renovation
In many situations, introducing desirable legumes and 
productive, palatable grasses into pastures is worth-
while. Renovation techniques further improve pasture 
stands without completely destroying the existing sod. 
Newly renovated pastures should be grazed less fre-
quently and less closely for 12 months, to prevent them 
from reverting to their former state. More details on 
forage species adaptation, seeding rates for mixtures, 
and establishment guidelines are given in Chapter 7.

When renovating pastures, the existing sod must be 
suppressed sufficiently to allow new seedlings to be-
come established. Three basic techniques of pasture 
renovation are outlined here. The success of these 
methods depends on adequate soil fertility and proper 
pH. Soil test a year prior to renovation and apply nu-
trients as needed to correct any deficiencies.

• Limited tillage—Disk or other tillage implements 
disturb the sod enough to destroy 30% to 50% of 
the stand and expose the soil. When the tillage is 
performed in the fall, lime and fertilizers can be 
partially incorporated. Seed is broadcast or drilled 
on the pastures in late winter or early spring. 
Graze or mow the pasture to reduce competition 
from surviving pasture plants or weeds after seed-
ing. Manage the stand so that seedlings can absorb 
plenty of sunlight. Mow just above the new seed-
lings. Control grazing and stocking rates during 
the establishment year to favor regrowth.

• No-tillage with chemical sod control—Herbicides 
suppress the existing sod during establishment 
of introduced species. Close grazing the previ-
ous fall helps reduce spring vigor of the existing 
stand. If perennial or biennial broadleaf weeds are 
a problem, the pasture can be sprayed the previ-
ous fall with broadleaf herbicides (refer to Bulletin 
789, Weed Control Guide for Ohio Field Crops). Then, 
in the spring, use paraquat to burn down the sod 
when two to three inches of new growth are pres-
ent and seed as soon as possible after applying 
the herbicide. Use a no-till drill designed to cut 
through the sod and place the seed shallow and in 
good contact with the soil.

• Frost seeding—Sod control is essential, using 
heavy grazing the previous fall to weaken and 
open up the sod when tillage or chemical control of 
the sod is not used. Seed can be sown in late winter 
through early March, while the soil surface is still 
freezing and thawing. The freezing and thawing 
promotes good seed-soil contact. Germination oc-
curs with warming soils. This technique is most 
successful with the clovers; red clover and ladino 
clover, in particular, are two of the easiest legumes 
to establish using this method. Frost seeding is less 
reliable for grasses, and should only be attempted 
for rapid-establishing species such as ryegrass. 
Frost seeding is also more successful when pas-
tures are dominated by bunchgrasses, such as or-
chardgrass, rather than by dense sod-formers, such 
as tall fescue and Kentucky bluegrass.

• Use high-quality seed—Plant high-quality seed of 
adapted cultivars at the recommended rates. In-
oculate legumes with the proper N-fixing bacteria. 
Use one of the seeding methods described earlier 
to achieve good seed-soil contact and proper seed-
ing depth. Many seedings fail because of poor seed 
placement and lack of timeliness in planting.

• Pest control—Insecticide treatments may be ben-
eficial, particularly when seeding alfalfa into old 
pastures. Refer to insect control guidelines for no-
till seeding in Chapter 7.

First-Year Management of 
Renovated Pastures
Manage the pasture carefully after seedling emergence 
to minimize competition from the established sod. Use 
light, periodic grazing to prevent the existing sod from 
overtaking the new seedlings. Grazing periods should 
be short (less than one week), and animals should be 
removed when the new seedlings begin to be grazed 
off. For example, graze closely when the existing sod 
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has three to four inches of new spring growth, then 
graze again when regrowth is six to eight inches. If tall, 
stemmy regrowth develops, mowing may be neces-
sary. Throughout the summer, graze the pasture rota-
tionally.

Pasture Species and Cultivar Selection
Many pasture species provide forage for grazing ani-
mals. In Ohio, we are fortunate to have diversity in 
adapted forage species. Species use should be based 
on suitability for the soil, animal enterprise, and the 
planned grazing management of the farm. Tables 7-1 
and 7-2 in Chapter 7 outline the agronomic adaptation 
and characteristics of some of the more important for-
ages grown in Ohio.

For many forage species there are now cultivars that 
are specifically bred for grazing systems. Most es-
pecially, alfalfa that is included in a grazing system 
should be one of the grazing-tolerant varieties. For 
white clover, new varieties that are more branched 
and with smaller leaves are more persistent under 
grazing than the larger, ladino varieties. For orchard-
grass, the smaller and more densely tillered varieties 
are sometimes preferred for grazing. Ask your seed 
supplier if grazing varieties are available and consult 
performance data under grazing currently being pub-
lished by some Midwestern university forage-testing 
programs.

Cool-Season Grass Species
Cool-season grasses begin growing early and pro-
duce considerable forage in the spring. In the sum-
mer, higher temperatures and moisture stress reduce 
production. Production increases slightly in the fall 
with normal moisture supply, and growth ceases by 
mid-October to mid-November (Table 9-1). If earlier 
spring grazing is desired, apply 50 lb nitrogen per acre 
in March. In most situations, early spring N should be 
applied to a very limited acreage, because it will make 
it even more difficult to manage the late spring flush of 
growth that occurs most years. Cows soon to freshen 
or with calves should have access to a magnesium-
containing mineral supplement to help prevent grass 
tetany on pasture in the spring. Avoid application of 
potassium to pastures in the early spring to reduce this 
risk.

Kentucky bluegrass usually volunteers over time in 
pastures. To hasten the establishment of bluegrass in 
pastures, seed may be planted in early spring or late 
summer and early fall. Kentucky bluegrass can with-
stand close, continuous grazing and tends to be more 

abundant under sheep and horse grazing. Although it 
tolerates poor fertility, its forage quality and produc-
tion are greatly improved if pastures are limed and fer-
tilized with phosphorus and potassium and rotation-
ally grazed to favor companion legumes (Table 9-1).

Orchardgrass is well-suited for grazing. In the spring, 
begin grazing when plants are four inches tall. Graze 
orchardgrass heavily and frequently (every 10 to 12 
days) during the flush spring growth. Leave a three-  
to four-inch stubble so the grass can recover quickly. 
Harvest surplus pasture for hay or silage. Orchard-
grass can tolerate continuous grazing if the plant is  
not grazed below three to four inches, but production 
will be lower than if rotationally grazed. Allow at  
least three weeks between summer grazings for best 
recovery.

Perennial ryegrass is one of the highest quality grasses 
and is excellent for use in creep grazing pastures for 
young animals. Initial spring grazing can begin when 
growth reaches a height of three to four inches and 
soils are dry enough to prevent excessive treading 
damage. Allow six to eight inches of regrowth between 
grazings for improved yield and persistence. Estab-
lished perennial ryegrass tolerates continuous grazing 
if a two-inch stubble is maintained; however, rotational 
grazing improves production. Perennial ryegrass does 
not stockpile well in winter, and nitrogen applications 
in fall can reduce plant survival over winter. Ryegrass 
pastures should be grazed to a three-inch stubble in 
late fall to prevent smothering and development of 
snow molds that can kill plants.

Reed canarygrass should be grazed hard in the spring. 
Maintain growth below a height of 12 inches during 
the rapid spring growth. Short duration rotational 
grazing with heavy grazing pressure results in the best 
use and greatest animal gains per acre. Do not graze 
closer than three to four inches above the ground. 
Reed canarygrass can tolerate continuous grazing, but 
productivity will be much greater under rotational 
grazing that allows at least three weeks of recovery 
between summer grazings.

Smooth bromegrass produces palatable, nutritious 
pasturage. Begin grazing in the spring before the stem 
elongates significantly. Loss of stand occurs when 
bromegrass is grazed off in the jointing stage (stem 
elongation) during stressful growing conditions and 
under high nitrogen fertilization. Best production in 
pastures is achieved with rotational grazing that al-
lows three or more weeks of recovery. Smooth brome-
grass tolerates moderate continuous grazing, but pro-
duction is lower.
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Tall fescue should not be grazed closer than three 
to four inches, and recovery periods between graz-
ings improves persistence and production. Tall fescue 
produces very palatable forage in the fall. It is the 
best grass for stockpiled forage for winter feeding. 
When stockpiling tall fescue, remove animals by early 
August and apply 50 to 60 lb N per acre in August 
if increased yield and quality of stockpiled forage 
is desired (Table 9-1). For more information, refer to 
Stockpiling Tall Fescue for Winter Grazing, Ohio State 
University Extension Fact Sheet AGF-023, available 
at: www.agcrops.osu.edu . There are new soft-leaved 
varieties that have improved palatability for livestock. 
Endophyte-free and non-toxic endophyte varieties are 
recommended in preference to varieties with ergova-
line-producing endophytes.

Timothy can be grazed if carefully managed, and it 
produces palatable, high-quality pasturage. Begin 
spring grazing when grass is three to four inches tall. 
Rotational grazing with at least three weeks of recov-
ery results in good production and persistence. In the 
spring, timothy is relatively tolerant of grazing before 
stem elongation (jointing stage). It is adversely affected 
by harvesting or grazing during the jointing stage, as is 
smooth bromegrass.

Festulolium is a true hybrid between ryegrass and 
meadow fescue that has characteristics intermediate 
between the parent species. Festulolium has a dense 
ryegrass-like pasture growth habit that has better qual-
ity than fescue, and is more hardy than ryegrass. The 
density of the sward is especially attractive for grazing.

Small grains provide late fall and early spring grazing. 
Refer to Chapter 7 for details.

Other forage resources can be used in a planned  
full-season grazing program. Examples include corn 
stalks grazed after grain harvest and hay stockpiled in 
pastures.

Legumes
Legume species are highly desirable components of 
productive, economical pasture systems. Alfalfa, clo-
vers, birdsfoot trefoil, and annual lespedeza all pro-
vide high-quality forage for grazing and eliminate the 
need for nitrogen fertilizers. Many legume species are 
deep-rooted and more tolerant than grasses of sum-
mer moisture shortages. Legumes generally improve 
animal performance and increase carrying capacity of 
pastures.

Pasture systems containing legumes require more 
careful management than pure grass pastures. Most 
legumes will not persist under continuous grazing and 

must be grazed rotationally. Fertility requirements are 
higher for most legume species. Pasture management 
practices should favor legumes because of the diffi-
culty of maintaining them in the system. Grazing must 
be managed carefully to prevent bloat when grazing 
pastures where legumes predominate. Exceptions are 
birdsfoot trefoil and annual lespedeza, which are non-
bloating.

Alfalfa should be rotationally grazed with short graz-
ing periods (four to five days). Alfalfa can be grazed 
beginning in the late prebud stage in the spring if the 
stand is vigorous. Start grazing no later than the bud 
stage for improved utilization of the available forage. 
Allow recovery periods of 24 to 30 days between graz-
ings under favorable growing conditions; therefore, 
four to five subdivisions (paddocks) are needed to pro-
vide adequate rest periods for this species. Less recov-
ery time is required when grazing than for mechanical 
harvesting. By grazing at earlier stages of growth, the 
leaves remaining after grazing are still active and will 
support regrowth. Animals should be removed from 
alfalfa when soils are wet to prevent excessive crown 
damage.

Red clover provides excellent animal gains and can 
be grazed beginning in the late vegetative stage in the 
spring. Rotational grazing management should be 
practiced, with short grazing periods (less than seven 
days) and recovery periods of 28 to 35 days. As red 
clover stands begin to thin out in the second or third 
year, pastures can be managed like pure grass stands. 
The red clover component in pastures can be main-
tained by reseeding (with a drill or frost seeding) every 
two to three years. Natural reseeding can be enhanced 
if stands are allowed to go to seed.

Birdsfoot trefoil can be grazed in the spring when it 
reaches the bud stage of growth. Best production and 
persistence is achieved with rotational grazing that 
allows 28 to 35 days of recovery after grazing. Close, 
continuous grazing damages the stand because re-
growth of trefoil is dependent on sufficient leaf area 
being present to capture sunlight and produce energy. 
Because carbohydrate reserves are low in birdsfoot 
trefoil roots during the growing season, it should not 
be grazed shorter than three inches. In emergencies, it 
can tolerate several weeks of continuous grazing if a 
three- to four-inch stubble height is maintained. Graz-
ing should be managed to allow birdsfoot trefoil plants 
to go to seed every two to three years to maintain its 
persistence in pastures. Individual plant persistence is 
poor because of susceptibility to Fusarium-type crown 
and root rotting organisms. Reseeding can be accom-
plished by stockpiling spring growth until July.
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White (ladino) clover can be grazed continuously 
or rotationally once established. Although it can be 
grazed to a one- to two-inch height, closely grazed 
plants need time to recover. If grown with tall-growing 
grasses and grazed rotationally, the pastures should be 
grazed at relatively short intervals (every 21 days) to 
prevent excessive shading by the grass.

Alsike clover must be allowed to reseed itself to main-
tain its presence in pastures, otherwise it lasts only 
two years. If grown with tall grasses in pastures, the 
pastures should be grazed at short intervals to prevent 
excessive shading by grasses.

Annual lespedeza can be used effectively in pasture 
renovation to improve animal performance and late 
summer forage production, especially in endophyte-in-
fected tall fescue pastures on acidic and low phospho-
rus soils. Do not graze after early September to allow 
sufficient seed production for stand regeneration. 

Other Species
Switchgrass, big bluestem, Indiangrass, eastern ga-
magrass, and Caucasian bluestem are warm-season 
species that complement cool-season species by pro-
viding forage during the summer months when the 
cool-season grasses are less productive. Rotational 
grazing is necessary for good persistence of these spe-
cies. They should not be grazed below six to eight 
inches in height during the growing season and should 
be grazed less frequently than other forages to ensure 
recovery from grazing. Overgrazing of basal tillers 
jeopardizes the regrowth potential of these grasses. 
Caucasian bluestem tolerates closer grazing than the 
other species. In general, these warm-season species 
have low protein concentrations and should be planted 
with clover to ensure livestock have sufficient protein 
intake.

Sudangrass, sorghum-sudangrass hybrids, and pearl 
millet are annual warm-season species that are ready 
for grazing about six weeks after seeding. They are 
well suited as supplemental forages during hot, dry 
periods when perennial cool-season forages are less 
productive. They must be grazed rotationally with 
short grazing periods (less than two weeks) to avoid 
prussic acid poisoning. Refer to Chapter 7 for grazing 
guidelines.

Forage chicory is a relatively new forage crop in the 
United States, but it has been used in other countries 
for centuries. This perennial plant is suited to soils that 
are well or moderately well drained with medium to 
high fertility and a pH of 5.5 or greater. Chicory pro-
duces leafy growth that is high in nutritive value and 

mineral content if managed properly. One farmer re-
ported his milk yield increased four lb per cow per day 
when grazing a new pasture that was dominant with 
chicory. It has a larger taproot and provides excellent 
summer forage for grazing animals. Chicory requires 
nitrogen fertilization for good production. 

Chicory production is optimized under rotational 
grazing management. A stubble height of 1.5 to two 
inches should remain after grazing. After the seeding 
year, chicory grows vigorously and attempts to pro-
duce stems in late spring and early summer. Stubble 
heights greater than 1.5 inches and rest periods greater 
than 25 days allow stems to elongate rapidly (bolting). 
Sometimes grazing can keep stems below a six-inch 
height in late May, but if this is not possible, a single 
mowing during July can keep the plant in a leafy state. 
There are three to four grazing varieties marketed 
throughout the United States.

Forage brassicas are fast-growing, productive, and 
highly digestible annual crops. These crops offer great 
potential and flexibility for improving livestock carry-
ing capacity from August through December. Spring-
seeded brassicas boost forage supply in late summer. 
Summer-seeded brassicas extend the grazing season in 
late fall and early winter. Refer to Chapter 7 for details.

Mixtures
One unique aspect of livestock is their preference for 
pasture mixtures. Although livestock prefer some spe-
cies over others (e.g., clover over grasses), when given 
the option, livestock will select a diet from a mixture of 
species. We call this the buffet principle, and when ap-
plied to humans, dietary intake is greatest when there 
is maximum choice (e.g., at a buffet). There is some 
evidence this principle also applies to livestock grazing 
mixtures.

Other benefits of mixtures are based on biodiversity 
theory. That is, when we use a mixture of species, we 
can increase the resilience and resistance of the result-
ing grassland when faced with variation in fertility, cli-
mate, and other stresses. For example, a mixture could 
include a combination of drought-hardy species that 
would be able to maintain some production during 
summer as well as species that provide early spring 
production when moisture is abundant.

The converse argument is that every species has a 
specialization that is best expressed in a simple pas-
ture composition. A pasture manager might include a 
series of specialist pastures for particular purposes on 
the farm—for example, a field of tall fescue because 
it has superb characteristics for stockpiling in win-
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ter. Whether we employ mixtures of species within a 
single pasture, or mixtures of different pastures within 
the variable topography of a farm, we should use the 
benefits of species diversity wherever possible.

Toxicity
It is unfortunate that almost every forage species has 
some potential for toxicity. In the majority of cases 
toxicities occur in isolated instances, and can be treated 
and managed as they occur. Some of the most signifi-
cant toxicities include:

• Bloat—Perhaps the most significant feed disorder 
for grazing. Bloat is caused by foam that is pro-
duced by saponins in most legume species. Unable 
to escape, the foam distorts the rumen and, if not 
treated, can result in death. Although there are 
many theories about causes of bloat, there are no 
fool-proof recommendations or approaches. Equal-
ly, there are many exceptions where animals graze 
legume-rich diets without event. 

 The best guidelines are to be extra observant when 
grazing pastures with more than 20% legume, 
restrict animal access to legume pastures on an 
empty stomach (especially during the main morn-
ing grazing when dew might still be present), 
feed fibrous forage (rough pasture or hay) prior 
to grazing legumes, and restrict grazing intervals 
on legumes to less than two hours. Anti-foaming 
detergents in water systems, applied to pasture, or 
administered orally, can reduce the occurrence of 
bloat. Tannin-containing legumes, such as birds-
foot trefoil, do not cause bloat. 

 Susceptibility to bloat is an inherited trait, and 
livestock that bloat should be culled and not used 
for breeding (including bulls).

• Endophyte—This is a fungus that is found in tall 
fescue, perennial ryegrass, and some other less 
common grass species. The fungus confers some 
benefits to the grass, such as drought tolerance and 
insect resistance, but also produces alkaloids (espe-
cially ergovaline) that are detrimental to livestock. 
The U.S. forage industry has adopted a standard of 
providing endophyte-free tall fescue and ryegrass 
varieties; however, these sometimes have poor per-
sistence or can become re-infested with endophyte-
infected tall fescue. 

 Re-infestation of endophyte in pastures after seed-
ing endophyte-free varieties can occur through 
natural reseeding of surviving infected plants in 

the pasture, through infected seed carried in by 
animals previously grazing infected pastures, 
and through feeding infected hay in the pasture. 
A revolution in the forage industry has been the 
discovery of new fungal races that do not produce 
ergovaline. These non-toxic endophytes seem to 
confer the benefits of regular endophytes, but 
without any toxic effects.

• Nitrate toxicity—This is largely a problem of 
warm-season annual species (sorghum-sudan-
grass) but has been reported for many other vigor-
ous species. The problem is most likely to occur 
when grazing the early flush regrowth following 
relief from drought and when grazing frosted for-
age. Grazing by livestock during these risk periods 
should be restricted to one to two hours per day, 
after which time livestock should be moved to 
safe feeds. The risk period usually passes after two 
weeks.

• Alkaloids in reed canarygrass—Varieties of reed 
canarygrass older than 20 years have the potential 
to accumulate alkaloids that are toxic to livestock. 
Modern varieties have had the active agents re-
moved and are safe to graze. Old stands of reed 
canarygrass should only be grazed for short peri-
ods, and livestock intake diluted with safe forages.

• Hypomagnesemia (tetany or staggers)—This is a 
disorder resulting from an imbalance (deficiency) 
of Mg, compared to Ca or K. This is most common 
in newly lactating dairy cows with a high loss of 
Mg in milk. The condition occurs rapidly (as short 
as several hours after calving) and is most effec-
tively treated by intravenous injections of Mg. For-
age conditions increasing the likelihood of staggers 
include low magnesium in forage ( less than 0.2%), 
high Ca and K levels, and in rapidly growing for-
age (after N application, or during spring). Some 
new grazing varieties have been selected for higher 
Mg levels to reduce hypomagnesemia. Ask your 
pasture seed supplier if these varieties are avail-
able and suitable for your area.

• Slobbers—This is an uncommon disorder result-
ing from livestock ingestion of Rhizoctonia bacteria 
that can grow on legumes during warm moist con-
ditions. The condition is not life-threatening, but is 
unsightly in show animals. Slobbers can be treated 
by removal from infected forage and allowing free 
access to water.
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Chapter 10
Alternative Crops
By Dr. Jim Beuerlein and Dr. Ed Lentz

Buckwheat Production
Most Americans know of buckwheat only from its use 
in buckwheat pancakes. Those more familiar with the 
crop know it to be a versatile, easy-to-grow, short-sea-
son grain crop adapted to many regions. It tolerates 
poor soils and is often used as a soil-improving crop, 
a role it served for such notables as Thomas Jefferson 
and George Washington on their Virginia farms. 

Buckwheat production has been limited by a small 
market and the crop’s relatively low yield. However, 
it has made a niche for itself because of some desirable 
food characteristics and its unique status as a short-
season crop that can be planted later than any other 
summer grain crop. In most areas where it is grown, it 
is used as the sole crop for a field in the summer, often 
as a late-planted alternative after regular crops have 
failed. In recent years, roughly 60,000 to 70,000 acres 
of buckwheat have been grown in the United States 
(more than four million acres are grown worldwide). 
Japan is the main market for U.S. buckwheat. Demand 
for buckwheat in the United States as a food source 
is relatively small, but since the export market is cur-
rently strong, the crop is regaining some popularity. 

Buckwheat is a broadleaf, herbaceous plant that flow-
ers prolifically over a period of several weeks. The 
small white flower clusters quickly develop into tri-
angular brown seeds. The brown buckwheat grains 
actually consist of a true seed (groat) surrounded by 
a thick hull. Buckwheat is sometimes referred to as a 
pseudocereal because the grain is used in ways similar 
to cereal grains such as oats, but it is not a true cereal 
crop due to seed and plant type. Like soybeans, buck-
wheat produces flowers in an indeterminate fashion, 
and flowering will often occur right up until harvest or 
frost. At peak bloom, the green leaves of the crop can-
opy are almost hidden under masses of white flowers. 
Flowers are self-sterile and must be cross fertilized by 
insects or wind for seed set to occur. Cool, moist condi-
tions also aid in seed set, but many flowers will abort. 

Buckwheat emerges quickly in warm soil conditions 
and reaches a height of 20 to 30 inches. The plant has 
a fairly small, shallow rooting system, and thus is not 
particularly drought tolerant (but it may avoid mid-
summer droughts if planted late). Branches form pri-
marily in the upper canopy. Leaves are alternate and 

heart-shaped, usually two to three inches in length. 
When seeded in narrow rows, a thick crop canopy 
develops within a few weeks of planting. 

In the United States, most buckwheat is sold as pro-
cessed flour or in pancake mixes. Buckwheat flour 
can be light in color if hulls (one-fourth of the grain 
in weight) are completely removed before grinding 
the groats, but often some hull fractions remain in the 
ground material, giving the flour a dark color. Whole-
grain buckwheat is about 11% to 12% protein, but after 
removing the hull, the remaining seed is about 15% 
to 17% protein with 3% fat. Buckwheat is used most 
frequently in the United States for soil cover as a green 
manure crop or smother crop on gardens or small 
fields. As a green manure crop, buckwheat produces 
only modest biomass but offers rapid growth, im-
proves soil tilth, and makes phosphorous more avail-
able. Quick, aggressive growth accounts for its success 
as a smother crop for suppressing weeds, particularly 
in late summer. Buckwheat is popular among beekeep-
ers. It produces a dark-colored honey with a distinctive 
flavor. An acre of buckwheat can support a hive of 
bees producing up to 150 pounds of honey, if prevail-
ing weather conditions are suitable for good nectar 
production (reportedly, sunny days and cool nights are 
best). 

With the contract price for buckwheat grain normally 
close to 10 cents per pound, yields of between 350 and 
800 pounds per acre or better usually are needed to 
make a profit (prices may be up to 12 or 13 cents per 
pound when supplies are short). However, buckwheat, 
like any alternative crop, is somewhat riskier than a 
traditional crop. Producers should start with a modest 
acreage to gain experience. 

Buckwheat generates only modest grain yields in 
comparison to many crops, in part reflecting the very 
limited amount of breeding that has been done with 
the crop in recent decades. Typical yields are 800 to 
1,200 pounds per acre with good growing conditions. 
Buckwheat tolerates relatively poor, infertile soils 
better than most grains, but yields best on medium-
textured, well-drained soils. It is reportedly tolerant of 
poorly drained soils but should be avoided on heavy 
or droughty soils. It tolerates acid soils down to a pH  
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of 5. Soils prone to surface crusting may not be the 
ideal choice, since buckwheat can have emergence 
problems when crusting occurs. 

Relatively few varieties of buckwheat are readily avail-
able in the United States—most farm suppliers sell a 
type simply known as common buckwheat, genetic ma-
terial that has not been maintained as a pure variety. 
Most buyers, especially those exporting to Japan, will 
specify the variety to be used as part of the produc-
tion contract. Large-seeded varieties are almost always 
the ones desired for food use. Mancan and Manor are 
commonly grown large-seeded varieties developed by 
Agriculture Canada and available in the United States. 
Winsor Royal is a comparable large-seeded type re-
leased as a U.S. variety by Windsor Grain, Inc.

Since buckwheat varieties are not hybrids, harvested 
seed can be successfully used for replanting the next 
year. For buckwheat, as with most grains, it is im-
portant to prepare a firm seedbed if the field is tilled. 
When no-till planting, make adjustments to ensure that 
the soil closes over the seed furrow. 

Many growers do not fertilize buckwheat due to its rel-
atively low value and modest fertility needs. However, 
for optimum yields, some fertilizer may be needed. 
Nitrogen fertilizer may improve growth, particularly 
if available soil N is depleted following wheat. Low 
rates of N should be used, since more than 50 pounds 
of nitrogen per acre may lead to lodging. Buckwheat 
can get by without P and K on soils testing medium to 
high in these nutrients, but on soils testing low in P or 
K, application is recommended to achieve optimum 
yields.

In planting buckwheat, the key is to achieve a solid, 
even stand, which is mainly a matter of having good 
soil moisture and planting at an appropriate date. 
Buckwheat grown for purposes other than grain har-
vest can be planted at any date after the frost-free date 
in the spring. For grain harvest, it is desirable to plant 
relatively late in the summer, since flowering and seed 
set will then be more likely to occur as the days and 
nights begin to cool in early fall. When planted in late 
July or early August, buckwheat usually matures in 
eight to 10 weeks.

A general recommendation for seeding rate is 700,000 
plants per acre, which is about 50 to 55 pounds per 
acre of large seed or about 40 pounds per acre of small 
seed. Buckwheat can compensate somewhat for a thin 
stand by branching more, and as a result studies show 
little yield response to seeding rate. 

Typical seeding depths are one to two inches, depend-
ing on depth to soil moisture. With warm soils, the 
seedlings will emerge in four to five days. The crop 
must be drilled in narrow rows, 7.5-inch widths, to 
obtain a good canopy for shading weeds and for opti-
mum yield. Most standard grain drills will work effec-
tively with buckwheat. 

No herbicides are currently registered for buckwheat 
in the United States. Growers must rely on sensible 
field selection, pre-plant weed control, and establish-
ment of a uniform, dense crop canopy to shade out 
weeds. Tillage shortly before planting can control ex-
isting weeds and provide a good seedbed. However, 
care should be taken to avoid drying out the seedbed 
through excessive tillage. Buckwheat will reseed it-
self but is easily controlled by tillage or a number of 
broadleaf herbicides. Thus, it is not likely to present a 
weed problem in a following crop. 

Buckwheat has few reported pests, perhaps because 
the crop is not extensively grown. Reported insect 
pests include aphids, wireworms, and Japanese bee-
tles. Rhizoctonia root rot may occur, but other diseases 
are rare. Deer or other wildlife may occasionally cause 
localized damage. Overall, pests are unlikely to cause 
any significant loss in a buckwheat field. 

Buckwheat should be harvested when 90% to 95% of 
seeds are mature. In either case, expect the stems and 
some leaves to still be green at harvest, since the crop 
has not been bred for complete dry-down like soy-
beans or wheat. Combine cylinder speed should be 600 
to 800 rpm, and the concave should be set initially at ½ 
inch, then adjusted for seed size. Avoid cracking hulls, 
especially if the crop is intended for the food market. 
A discount is usually charged if grain is brought to 
an elevator at more than 16% moisture. Temperatures 
greater than 110°F should be avoided in drying buck-
wheat. Moisture of 16% is fine for short-term storage. 
For longer-term storage, grain should be no more than 
12% to 13% moisture. 

Desired test weights vary by company, but are typical-
ly 45 or 46 pounds per bushel (historically, buckwheat 
test weight was listed as 48 pounds per bushel). Large-
seeded varieties will often have a test weight only in 
the low 40s, so producers should be prepared to take a 
slight discount on test weight. Smaller-seeded varieties 
have higher test weights but are otherwise considered 
undesirable for food markets. 

It is important to sell the crop within a few months of 
harvest, because the groats will begin to darken (they 
are light-colored when fresh), and this reduces the 
grain’s appeal to certain buyers in the food market.
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Canola Production
Canola refers to rapeseed low in erucic acid (less than 
2%) and glucosinolates (less than 30 micromoles per 
gram of oil-free meal). Canola has the lowest percent-
age concentration of saturated fatty acids of eight 
commonly used vegetable oils. Canola is a name reg-
istered by the Western Canadian Oilseed Crushers 
Association. Mixtures of canola with high erucic acid 
rapeseed, used in industrial oils, should not be planted 
in Ohio. Producers need to be precise about the type of 
rapeseed they are planting, as well as how and where 
it will be marketed.

Canola consists of two species of the mustard fam-
ily —Brassica campestris, called Polish turnip rape, and 
Brassica napus, known as Argentine rape. Both fall- and 
spring-planted varieties are available in both types. 
Ohio and Michigan research has shown fall-planted 
varieties out-yield spring plantings by 30% to 40% and 
can be combine harvested directly rather than being 
windrowed. Ohio farmers have produced more than 
60 bushels per acre of winter canola.

Canola is susceptible to Sclerotinia wilt and should not 
be planted in rotation with other susceptible crops 
(soybean, sunflower, and dry bean) if this disease be-
comes a problem. Canola plantings in a field should be 
at least four years apart. Canola is also susceptible to 
white rust, downy mildew, and alternaria blackspot. 
When direct combining, some seed are likely to shat-
ter and produce volunteer plants the following season. 
Phenoxy herbicides and many commonly used corn 
and soybean herbicides control volunteer canola.

Canola can be grown on most soil types but is best 
suited to well-drained and non-crusting loam soils. 
Because the seed is small, canola responds to good 
seedbed preparation. The seedbed should be reason-
ably smooth, firm, and moist within one inch of the 
surface. Seed should be planted 3/8- to 3/4-inch deep. 
Alfalfa seeding equipment works well. Some broad-
cast plantings have died over winter because of dry 
soil conditions and poor seed-soil contact. Other kinds 
of equipment can be used; however, they should be 
used with a cultipacker. Five to seven pounds of seed 
should be used per acre, depending on seed size and 
soil conditions.

Fertilization practices are similar to those used in 
wheat production with some additional nitrogen. Ni-
trogen and potassium should not be placed in direct 
contact with the seed, but should be broadcast. Twenty 
to 30 pounds of nitrogen should be applied prior to 
planting with an additional 80 to 120 pounds applied 
in early spring before growth starts. Do not use a float-

er to apply the spring nitrogen, as many plants under 
the tires may be killed if they are not in the correct 
growth stage or weather conditions are not ideal when 
the fertilizer is applied.

Because canola seedlings are very sensitive to weed 
competition, they should be seeded in clean fields at 
narrow row spacings. This results in an early leaf can-
opy that shades or smothers weed growth. Mixtures of 
canola with mustard and wild garlic reduce the market 
value of the crop.

Canola is ripe when plants turn a straw color and 
seeds become dark brown. This occurs about July 1 
for winter varieties. Combine cylinder speed should 
be one-half to three-fourths that used for wheat. Seed 
moisture should be near 11% for direct combining. 
Seed moisture should be lowered to 9% if it is to be 
stored long. Circulating air should be used in stored 
canola since newly harvested seed may sweat. Also, 
a nylon screen may be needed on bin floors and other 
ventilation channels to prevent the small seed from 
dropping through bin aerated floors. Ohio farmers 
should not plan to store canola through the winter.

Most available canola varieties mature at mid-wheat 
harvest. Longer maturity varieties are also available. 
Varietal identity throughout the marketing program 
may become important in the future as the oil compo-
nents and characteristics of present varieties are being 
altered genetically. These varieties will have specific, 
unique uses in the world oil market. Double-cropping 
soybean after canola is possible. Southern Indiana 
farmers have gotten a five- to 10-bushel yield increase 
following canola rather than wheat. For more informa-
tion, contact a county office of OSU Extension or the 
web site at: http://www.agcrops.osu.edu .

Grain Sorghum Production
Grain sorghum has the potential of becoming an 
important crop, particularly in areas where corn can-
not be grown profitably because of spring flooding, 
droughty soil conditions, or late planting because of 
unfavorable weather.

Historically, grain sorghum has not been grown in 
Ohio because it has not been as profitable as corn. 
However, new grain sorghum single-cross hybrids 
have a yield potential similar to corn under good con-
ditions, and a higher yield potential under certain ad-
verse conditions. Ohio farmers can grow these hybrids 
with available equipment, and the grain can replace 
corn in most animal rations. Good cash markets are 
limited.
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Hybrid development for Ohio and the eastern United 
States has resulted in the release of bird-resistant hy-
brids. The immature grain of these hybrids is high in 
tannin and quite bitter. Birds have not caused signifi-
cant damage to such hybrids in Ohio tests even though 
adjacent fields of corn were nearly destroyed. Sorghum 
hybrids that did not contain the genes necessary for 
tannin production were destroyed in bird-infested 
areas. Non-bird resistant varieties developed in the 
west and southern United States can be grown in Ohio 
where bird pressures are not present. Some 75- to 80-
day maturity varieties are available for emergency 
crop situations. Yield potential is closely related to ma-
turity in that full-season hybrids produce much better 
yields than short-season hybrids.

Suggested practices for growing grain sorghum in 
Ohio:

• Purchase good quality seed from a company that 
has high quality-control standards in production 
fields. Unless careful scouting has occurred in 
production fields, grain sorghum may cross with 
undesirable sorghum species such as Johnsongrass, 
Sorghum alum, sudangrass, and shattercane. Also, 
buying “brown bag” low-cost seed may increase 
the risk of introducing these weeds to a new field.

• Plant bird-resistant hybrids if birds are a problem. 
Non bird-resistant sorghum is extremely suscep-
tible to bird damage.

• Plant one week later than the date recommended 
for corn, when soil temperatures are approach-
ing 55°F to 60°F. Risk of frost damage in the fall is 
greatly increased when grain sorghum is planted 
after June 10.

• Any row spacing from 7.5 to 30 inches is accept-
able, although yields from a 7.5-inch row spacing 
are about 10% greater than from 30-inch rows.

• Plant from eight to 12 pounds of seed per acre. 
Plant populations of 60,000 to 100,000 plants per 
acre are optimum for maximum yield.

• Fertilize according to soil test. See Tables 10-1, 10-2, 
and 10-3. Applications of anhydrous ammonia and 
ammonium nitrate resulted in higher grain yields 
than other nitrogen forms in tests conducted at the 
University of Missouri.

• Harvest when the grain moisture is 26% or less. 
See combine manufacturer’s operator’s manual for 
proper machine adjustment.

• Check on marketing arrangements before planting 
or plan to feed the grain on the farm. Hybrid per-
formance data indicates that some bird-resistant 
hybrids produce brown seed, which may affect 
market availability.

Specific chemical weed control recommendations for 
grain sorghum can be found in Extension Bulletin 789, 
Weed Control Guide for Ohio Field Crops, available from 
the county Extension office or on the Internet at: www.
agcrops.osu.edu . 

Since very little grain sorghum is produced in Ohio, 
disease and insect problems are not likely for emergen-
cy crops. However, both will likely become problems 
with increased acreage or continuous production in a 
restricted area.

Table 10-1: Examples of Nitrogen Recommended for 
Grain Sorghum.

Yield Goals (cwt per acre)

Previous crop 100 75  50 

Annual application  
(lb N per acre)

Forage legume 100 60 20

Grass crop 150 65 20

Soybeans 170 85 20

Continuous corn 170 85 20

Table 10-2: Examples of Phosphorus (Expressed as lbs 
P2O5 per acre) Recommended for Grain Sorghum.

Yield Goals (cwt per acre)
50 75 100

Soil test value PPM Annual Recommendation
10 40 50 60

15–30 20 30 40

35 0 20 20

40 0 0 0

Boldface numbers are the approximate amounts of crop 
removal.
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Table 10-3: Examples of Potassium (Expressed as lbs K2O per acre) Recommended for Grain Sorghum.

Yield Goals (cwt per acre)
50 75 100

C.E.C. C.E.C. C.E.C.
Soil Test Value 10 20 30 10 20 30 10 20 30

lb K/A PPM Annual Recommendation
50 25 110 130 150 115 135 155 125 145 165

150 75 70 90 110 75 95 115 85 105 125

250 125 30 50 70 35 55 75 45 65 85

350 175 20 20 30 30 30 35 40 40 45

450 225 0 0 20 0 20 30 0 30 40

550 275 0 0 0 0 0 0 0 0 0

Boldface numbers are the approximate amounts of crop removal.

Sugarbeet Production
Sugarbeet companies have developed excellent sugar-
beet varieties through breeding and field trials. Present 
varieties have yield potentials of more than 30 tons per 
acre when grown on the state’s best soils using the best 
possible cultural practices under favorable climatic 
conditions.

Because sugarbeet seed is small, precision in depth of 
seed placement is important for the best emergence. 
Recommended planting depths range from ¼ inch to 
¾ inches, depending upon soil temperature and mois-
ture. Soils need to be firm enough to ensure good seed 
to soil contact, which enhances the seed to absorb ad-
equate moisture for germination and early growth.

Planting before the end of April is ideal; however, 
May plantings have been successful. Growers plant 
sugarbeets any time after the middle of March as soil 
conditions permit to complete planting before the end 
of April. Some years there are a few days in late March 
when planting can be completed. Test the soil in late 
summer; in the fall, incorporate recommended rates of 
lime, phosphorus, and potash for fine-textured, nearly 
level glacial till or lakebed soils.

Spring tillage on fall plowed soil should be no more 
than three-inches deep. This allows for band place-
ment of row fertilizer on wet soil with sufficient dry, 
loose soil to cover the fertilizer band. Covering knives 
and press wheels ahead of the seeding units firms 
loose soil over the fertilizer band. A slow planting 
speed is important to cover the fertilizer band and 
place seed properly.

A good row fertilizer program is important when 
planting early in cool, wet soils. Row fertilizer should 

be placed two inches to the side and two inches below 
the seed. Often, the total phosphorus requirement of a 
sugarbeet crop can be applied in row fertilizer. Use 30 
to 40 pounds of nitrogen (N) and up to 90 pounds of 
phosphorus (P2O5) per acre, to stimulate early growth. 
A sugarbeet row fertilizer can contain as little as 20 
pounds of potassium (K2O) per acre. Add manganese 
for soils that have a pH greater than 6.5 or a history of 
manganese deficiency.

An optimum row width for sugarbeet production 
is between 18 and 24 inches. Thirty-inch row spac-
ing may be used to match equipment used for corn 
production. However, narrow widths produce larger 
yields and more quality sugar than wider rows.

Sugarbeets have the ability to adapt to a wide range of 
populations, so most Ohio producers plant to stand, 
i.e., do not thin by hand labor or mechanical means. 
Desirable stands should be between 25,000 to 40,000 
plants per acre at harvest. Plant spacing of four to 4.5 
inches is the most common in Ohio. There is no advan-
tage to plant spacing greater than six inches. Success of 
stand establishment may be enhanced by the following 
practices: 

• Providing adequate field drainage.
• Planting in April.
• Using a precision planter.
• Controlling the depth of the planting accurately.
• Placing fertilizer so it does not interfere with accu-

rate seed depth.
• Having good seed-soil contact.
• Using recommended herbicides for weed control.
• Controlling diseases.
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Cultivation needs to begin soon after beet emergence. 
This is useful to control weeds and aerate the soil, 
which helps deter seedling diseases. If row guides are 
established during the planting operation, accuracy 
and speed of cultivation improves. As cultivation pro-
gresses throughout the season, soil should be moved 
toward the beet row. This facilitates the harvest opera-
tion. Avoid spreading excess soil on beet crowns as this 
might encourage disease.

Row fertilizer should be placed to the side and two 
inches below the seed to prevent manganese defi-
ciency. Apply 30 to 40 pounds of nitrogen per acre in 
row fertilizer. This helps prevent manganese deficiency 
and increases early leaf development. Row nitrogen 
is especially important when preplant nitrogen was 
not applied. For maximum crop safety, diammonium 
phosphate (18-46-0) and urea (45-0-0) should be avoid-
ed in a sugarbeet row fertilizer. About 50 pounds per 
acre of phosphorus (P2O5), 20 pounds per acre of potas-
sium (K2O), 30 to 40 pounds per acre of nitrogen (N), 
and six pounds of manganese (Mn) should be applied 
in the row fertilizer. Sometimes, sidedress nitrogen is 
applied in late June. In some years this late application 
of nitrogen may reduce sugar yield per acre.

Do not apply more nitrogen on sugarbeets than is 
listed in Table 10-5. Higher rates of nitrogen reduce 
quality without increasing tonnage. Apply nitrogen at 
planting if possible. If sidedressing is necessary, sid-
edress when beets are very small. A survey of grower 
practices showed those growers with the highest sugar 
production per acre applied most of their nitrogen 
ahead of planting, while those with the lowest yields 
sidedressed most of their nitrogen.

Apply phosphorus and potassium according to a soil 
test made the previous fall. Examples of phosphorus 
and potassium annual recommendations are included 
in Tables 10-6 and 10-7. 

Weeds can be a serious problem in sugarbeets because 
they can severely reduce yield and interfere with har-
vesting. Until recent years, hand hoeing and cultiva-
tion were the accepted methods for controlling weeds. 
With the development of monogerm seed and more 
effective herbicides, hand labor costs for sugarbeet 
production decreased greatly.

In many instances, growers have good early season 
weed control only to have annual grasses and broad-
leafs come in late. For season-long control, a pre-emer-
gence herbicide must be followed with post-emergence 
ones.

Specific chemical weed control recommendations for 
sugarbeets can be found in Extension Bulletin 789, 
Weed Control Guide for Ohio Field Crops, available from 
the county Extension office or on the Internet at: www.
agcrops.osu.edu .

Table 10-4: Nitrogen Recommendations for Sugarbeets 
in Rotation with Corn, Soybeans, or Horticultural Crops.1

Yield Goal (T per acre)

20 30

Annual Application (lb N per acre)
90 120

1   Nitrogen recommendations for sugarbeets are based on 
narrow rows (22- to 30-inch), adequate population (20,000 to 
28,000 plants per acre), and planted in April. This is the total 
nitrogen recommendation and includes nitrogen from row 
fertilizer and assumes the crop preceding sugarbeets had 
adequate nitrogen.

Table 10-5: Phosphate Recommendations for 
Sugarbeets Based on Yield Goals and Soil Test.

Soil Test Value Yield Goals (T per acre)

20 30

lb P per acre PPM lb P2O5 per acre

5 2.5 170 200

15 7.5 150 180

25 12.5 130 160

35 17.5 110 140

55 27.5 70 100

60–901 30–45 60 90

Boldface numbers are the approximate amounts of crop 
removal.
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Table 10-6: Potash Recommendations for Sugarbeets Based on Soil Test Values and CEC.

Yield Goals (T per acre) 20 Tons 30 Tons

Soil Test Value C.E.C. C.E.C. 

10 20 30 10 20 30
lb K/A PPM  lb K2O per acre

50 25 290 310 330 390 410 430

150 75 250 270 290 350 370 390

250 125 210 230 250 310 330 350

3501 175 200 200 210 300 300 310

450  225  170 190  200 270 290 300
1 Boldface numbers are the approximate amounts of crop removal.

Sunflower Production
The confectionary type sunflower is used for human 
consumption (nut meats) and bird feed, while the oil 
type is utilized as oil for human consumption and 
meal in livestock feed. Sometimes the oil type is used 
in bird-feed mixtures. Sunflower grows well under a 
wide range of soil and climatic conditions. It is pres-
ently grown from North Dakota and Minnesota south 
to Texas in the central United States. In addition, 
sunflower is grown in Indiana, Ohio, Michigan, Penn-
sylvania, and Georgia. Varieties presently grown were 
developed for dry climates in the Dakotas, Minnesota, 
and Texas; however, breeders are selecting and testing 
their varieties in other parts of the United States as the 
demand for this crop increases. 

This crop is normally planted between May 15 and 
July 1 in Ohio, depending upon the soil conditions or 
other management concerns. Tolerance to a wide range 
of low and high temperatures contributes to sunflower 
adaptation in different environments. Seed will germi-
nate at 42°F, but a 50°F temperature is more satisfac-
tory. Temperatures must be 26°F or lower for several 
hours to kill mature plants. Climatic conditions during 
seed development affect fatty acid composition of oil 
which determines its ultimate human use. 

The sunflower plant is not highly drought tolerant; 
however, it has an extensive, heavily branched tap root 
system which permits it to extract more soil moisture 
than corn roots. Short periods of drought may not 
greatly reduce seed yield because growth can proceed 
at night when transpiration is low. The critical yield 
period occurs 20 days before and after flowering. 

Sunflower plants grow well in soils ranging in texture 
from sand to clay. Because present yield potential and 
price per hundredweight (cwt.) do not compare eco-
nomically with good corn and soybean yields, single 

crop sunflower should be considered on soils whose 
average soybean yield is 25 bushel or less and corn 
yields 100 bushel or less per acre. Properly managed 
on these soils, sunflower should yield 1,500 to 1,800 
pounds per acre. Sunflower prices to Ohio producers 
range from $8 to $12 per cwt. 

Seed should be planted one to two inches deep, de-
pending on soil-moisture conditions. A sunflower 
may take longer to emerge than grain crops because of 
slow moisture movement through the seed coat. Plant 
25,000 seeds per acre from May 20 to June 15 for single 
crop production. Apply 75 to 100 pounds nitrogen, 50 
pounds phosphorus, and 50 to 75 pounds potassium 
per acre to produce 1,800 to 3,000 pounds of grain.

When planting sunflower as a double crop follow-
ing wheat, apply 50 to 75 pounds nitrogen prior to or 
immediately following planting. Granular nitrogen 
may reach the soil surface more easily than liquid, 
especially if large amounts of wheat stubble or organic 
matter are present. Apply herbicides according to the 
weeds expected. If cultivation is used for weed control 
in single crop, it must be done before plants are one-
foot tall. Only a few herbicides are labeled for weed 
control in sunflower. However, sunflower seedlings are 
strongly rooted and usually not injured by rotary hoe-
ing or other similar implements that may be needed 
to supplement herbicidal weed control in single-crop 
plantings. 

Herbicides registered for sunflower are often used in 
other crops and are familiar to most growers. Treflan 
at one to two pints per acre, Prowl at one to three pints 
per acre, or Sonalan at one-half to three pints per acre 
may be applied prior to planting and incorporated 
two- to three-inches deep to control most annual grass-
es and some annual broadleaf weeds. These chemicals 
are appropriate for single-crop plantings. Treflan must 
be incorporated within 24 hours after application for 



142

satisfactory results. Prowl should be incorporated 
within the first few days (no later than seven days) 
after application. Use the lower rate on light-colored 
soils that are low in organic matter (less than 2%).

Poast has label directions for post-emergence control 
of annual and perennial grass weeds. The rate varies 
from 0.5 to 2.5 pints, depending on the grass species. 
Perennial grass control generally requires higher rates 
and may require two applications. Do not apply more 
than 2.5 pints of Poast total in one season. Do not ap-
ply within 70 days of harvest. If no-till sunflowers 
are to be planted, either full-season or double-crop, 
Gramoxone Extra at 0.5 to 2.5 pints per acre and a non-
ionic surfactant should be applied to burn down any 
existing vegetation. Apply the tank mix after sunflow-
ers are planted, but before they emerge.

Any conventional grain combine can be used for har-
vesting with the addition of a sunflower head attach-
ment. Long gathering pans extending ahead of the 
cutter bar are used to salvage shattered seed. Ten seeds 
per square foot equals a harvest loss of 100 pounds per 
acre. The price of these attachments varies, depending 
upon the size of combine head and manufacturer. Har-
vesting may start when grain moisture reaches 18% to 
20%. Some moisture testers will not measure sunflow-
er moisture; however, Dickey-John and Farmi offer a 
special chart and adapters for their machines. 

Combine cylinder speed should be as slow as possible 
and still thresh seed from the head (300 to 400 RPM). 
Concaves are usually set wide open and fan air flow 
reduced approximately 50%. 

Some drying or air movement will probably be re-
quired during storage. Natural air with no added heat 
should be sufficient under most Ohio conditions. Grain 
should be 12% moisture for temporary storage and 9% 
for long-time storage. Harvesting at a high moisture 

content (18% to 20%) normally results in higher yields, 
less bird damage, and less shattering or dropping of 
heads than when seeds are harvested at a lower mois-
ture content. 

Most oil-type varieties presently available are the re-
sult of hybridization, so insects are not required for 
pollinization of the flowers even though they may be 
helpful. If harmful insects—such as head moth—be-
come a problem, fields can be sprayed to control this 
insect. Hybrids permit increased oil and grain yields in 
addition to increased disease resistance. 

Birds can be a problem if sunflower fields are planted 
near a flyway or roost. Scaring devices, such as gas 
guns and shooting, can be used to protect production 
fields. 

A producer should have an acceptable market es-
tablished prior to growing sunflower. Sunflower can 
produce an excellent silage that approaches corn silage 
nutrient-wise but has lower tonnage.

The University of Nebraska is an excellent source of 
information on sunflower production:
http://ianrpubs.unl.edu/fieldcrops/g1026.htm .

Other Alternative Crops
This Agronomy Guide does not address the production 
of many minor crops that may be grown on occasion 
in Ohio. Table 10-7 contains some general information 
about those crops. Table 10-8 contains planting date 
and seeding rate information for most crops grown in 
Ohio. Greater profits are usually obtained when the 
recommended seeding rates and planting dates are 
used. For additional information on the production of 
the crops listed in Table 10-8, contact your county Ex-
tension office or look on the Internet at: www.accrops.
osu.edu .  
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Table 10-7: Alternative Crop Characteristics, Uses, and Considerations.

Crop Botany Uses Environmental Needs Potential Problems
Adzuki  
Bean

Legume; indeterminate 
growth habit; 110-120 days 
to maturity.

Food—confectionery 
items, fillings for bread.

Similar to soybean and 
drybeans.

Limited varieties; disease; limited 
markets.

Amaranth Relative of red root 
pigweed; 5 to 7 ft tall.

Grain, forage, and green 
leafy vegetable.

Widely adapted to Midwest 
and western U.S. areas.

Uniform varieties not available; no 
herbicides labeled for crop; harvest 
losses; limited markets.

Broomcorn Annual type of sorghum, 6 
to 15 ft tall, annual.

Long panicle branches 
used to make brooms.

Warm summer; soil moist and 
fertile; widely adapted.

Harvest and curing of fiber is very 
labor intensive; disease problems 
exist; limited markets.

Chickpea Annual legume up to 40-in. 
tall; produces protein-
rich seed; fairly drought 
resistant.

Soup and salad; can be 
fed to livestock.

Temperature of 70°F to 80°F 
optimum; fertile soil with good 
drainage.

Excess water induces disease and 
lodging; limited markets.

Cowpea Annual legume, known as 
blackeye pea; produces 
protein-rich seed.

Grain, fresh vegetable, 
or forage for livestock.

Adapted to humid tropics and 
temperate zones; tolerant of 
heat and drought, but not frost; 
needs well-drained soil.

Disease, nematodes, and virus 
problems can occur; specialized 
harvest equipment required for fresh 
harvesting; limited markets in the 
Midwest.

Crambe Annual herb up to 40-in. 
tall; produces seed with 
inedible oil used by 
industry.

Manufacture of plastic, 
nylon, adhesives, and 
synthetic rubber.

Cool season; well-drained and 
fertile soil; cannot tolerate 
water-saturated soil.

No developed market; seed meal 
has little value; limited varieties 
available; no herbicide or insecticide 
labeled for the crop.

Fababean Annual legume; takes 
80-120 days to mature; 
seedlings frost-tolerant; 
seed size varies greatly, 
dependent on variety.

Human food; livestock 
feed, forage, or silage.

Cool, moist conditions; hot 
weather is injurious to crops; 
well-drained soil; does not 
tolerate waterlogged soil 
conditions.

Negligible demand in the U.S., thus 
limited markets; no insecticide or 
herbicide labeled for the crop.

Kenaf Annual fiber crop native to 
Africa; 8 to 14 ft tall.

Fiber for paper, 
cardboard, rope, twine, 
rugs, and bagging; 
forage.

Widely adapted, but long 
growing seasons with high 
temperatures and abundant 
rainfall yield best.

Limited varieties—none developed 
for the Midwest; specialized 
equipment needed for harvest; 
markets lacking.

Lentil Cool-season legume grain 
crop, 12 to 20 in. tall; seed 
varied in color; stems tend 
to lodge.

Human consumption 
in soups, stews, and 
salads.

Cool (seedlings frost-tolerant) 
temperatures with 10 to 12 in. 
precipitation annually; soil with 
good drainage required.

Plants are weak competitors, thus 
weed control is essential; lodging 
of stems is likely, slowing harvest; 
volatile price; limited market 
opportunities.

Lupine Annual legume crop with 
good protein content; older 
types had bitter alkaloids 
in them.

Food for humans as 
flour and pasta; feed for 
dairy cows, lambs, and 
poultry, but not swine.

Cool season; relatively tolerant 
of spring frost; well-drained 
soil with pH below 7.

Poor competitor with weeds; very 
few herbicides cleared for use; 
diseases likely with excess moisture; 
seed costs high (3x soybean); limited 
markets.

Millet Annual grasses up to 
4-ft tall; several types, with 
proso, foxtail, and some 
barnyard types grown in 
the Midwest.

Bird food and livestock 
feed; hay and silage.

Warm temperatures (frost 
sensitive); well-drained 
loamy soil; will not tolerate 
waterlogged soil or extreme 
drought.

Limited herbicides labeled; limited 
markets for grain available through 
bird food suppliers.

Mung bean Annual legume; 1 to 5 ft tall; 
upright or viney types; seed 
color varies with variety.

Bean sprouts or 
canned for human food; 
livestock feed.

Warm season like soybean; 
fertile, well-drained soil with 
good internal drainage and pH 
less than 7.2.

Many broadleaf herbicides damage 
the crop; pod maturity not uniform; 
seed costs higher than soybean; 
limited market opportunities.

Safflower Annual oilseed which 
produces a high-quality 
edible oil low in saturated 
fatty acids.

Primarily oil, but also 
protein meal and 
birdseed.

Warm, sunny, and less than 15 
in. rain per year; dry weather 
during flower and seed fill; 
deep fertile well-drained soil.

Broadleaf weeds are difficult to 
control; wet weather can induce 
disease; in the Cornbelt no 
established market exists.
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Table 10-8: Suggested Seeding Rates and Date of Seeding Rates for Many Ohio Crops.

Pounds Seed /bu Seeds/lb 
Planting Rate lb 

per acre Date to Plant

Northern Ohio Southern Ohio

Alfalfa 60 227,000 12–15 4/1–5/1 or 3/15–4/20

8/1–8/15 8/1–8/30

Barley, Winter 48 14,000 90–120 9/15–9/25 9/15–10/5

Birdsfoot Trefoil 60 370,000 8 4/1–5/1 3/15–4/20

Bromegrass1, smooth 14 137,000 10–15 8/1–8/20 or 8/1–8/30 or

4/1–5/1 3/15–4/15

Corn, dent 56 1,400 16–18 4/15–5/10 4/28–5/10

Corn, pop 56 3,000 3–6 4/25–5/10 4/15–5/10

Clover, Alsike2 60 728,000 3–4 4/1–5/1 or 3/15–4/20 or

7/20–8/10 8/1–8/20

Clover, medium1 or 60 272,000 10 4/1–5/1 or 3/15–4/20 or

  mammoth red 7/20–8/10 8/1–8/20

Clover, ladino2 60 860,000 1–2 4/1–5/1 3/15–4/15

Fescue, tall 25 227,000 10–15 4/1–5/1 or 3/15–4/15 or

8/1–8/20 8/1–8/30

Oats, spring 32 15,000 75–100 3/15–4/15 3/5–4/5

Orchardgrass1 14 416,000 8-10 4/1-5/1 or 3/1-4/15 or

8/1–8/20 8/1–8/30

Reed canarygrass 47 480,000 10 4/1–5/1 or 3/15–4/20 or

8/1–8/15 8/1–8/30

Rye 56 18,000 84–112 9/1–10/15 9/10–10/20

Ryegrass, perennial 24 300,000 12–15 4/1–5/1 or NR

8/1–8/20 NR

Sorghum, forage 50 24,000 8–12 5/15–7/1 5/1–7/15

Sorghum, grain 56 15,000 8–12 5/10–5/30 5/5–5/25

Sorghum-Sudangrass 45 43,000 20–25 5/15–7/1 5/1–7/15

Soybeans 60 2,500 80 5/1–5/20 4/20–5/10

Sudangrass 45 43,000 25 5/15–7/1 5/1–7/15

Sweetclover, white 60 250,000 10–12 4/1–5/1 3/15–4/15

Sweetclover, yellow 60 250,000 10–12 4/1–5/1 or 3/15–4/15 or

June-July June-July

Timothy 45 1,200,000 1–2 (fall) 8/1–8/30 8/1–9/15

4 (spring) 4/1–5/1 3/15–4/15

Wheat 60 15,000 90–120 9/22–10/13 9/28–10/18
1 The rates for these forage crops when seeded alone are higher than those recommended in meadow crop mixtures.
2  These forages should not be seeded in pure stands; seeding rates are for mixed stands.
NR = Not Recommended.
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Chapter 11
Variety Evaluation, Seed Quality, and the Seed Law 
By Dr. Jim Beuerlein

One of a crop producer’s goals should be to plant the 
best variety or hybrid for his or her operation. Ex-
tensive variety and hybrid testing programs are con-
ducted annually for soybeans, corn, wheat, canola, and 
perennial forages by the Ohio Agricultural Research 
and Development Center (OARDC). The data collected 
from these trials include yield, maturity, lodging, dis-
ease reactions, various grain and forage characteristics, 
including quality and other evaluations that are im-
portant in selecting the best variety or hybrid of a crop. 
Due to the wide range in variety and hybrid charac-
teristics and the diverse growing environments within 
Ohio, recommendations for the use of specific crop 
varieties are not made.

Variety selection should be based on multi-year, multi-
location performance data gathered from properly 
conducted, unbiased testing programs—such as those 
conducted by OARDC. Performance trials are conduct-
ed at several locations within the state each year, with 
results published and available at the county office of 
Ohio State University Extension in each of Ohio’s 88 
counties and on the Internet at: http://www.agcrops.
osu.edu . 

Another producer goal should be to plant high-qual-
ity seed of the best varieties and hybrids adapted to 
his/her farm. Selection and use of high-quality seed 
is the first step in establishing a good stand and in 
producing a profitable crop. The use of recommended 
cultural practices, proper fertilization, and control of 
plant pests is of little practical value if the seeds do not 
produce healthy, vigorous plants or if an un-adapted 
variety is selected.

Selecting the best variety became a more complicated 
process with the advent of so-called privately developed 
varieties in the mid-1970s and the large increase in 
the number of varieties offered for sale. Seed com-
panies employ plant breeders to develop and release 
improved varieties. Previously, all wheat and soybean 
varieties grown in Ohio had been developed and re-
leased by plant breeders employed by the USDA or at 
the state experiment station. Those publicly developed 
varieties were tested by other interested states dur-
ing their development and then released to the seed 
companies for reproduction and sale to producers and 
are known as public varieties. The development of ge-
netically modified (GM) varieties and the use of utility 
patents to protect those varieties has further compli-

cated how harvested grain and seed may be used on 
the farm.

Under the Ohio Seed Law, all seed sold or offered for 
sale must be completely labeled. Some items that must 
be indicated on the label or tag are:

• Name and address of company responsible for 
label information.

• Kind and variety—Hopewell wheat.
• Date tested—month and year of lab test.
• Purity and germination percentage.
• Percentage by weight of all weed seeds.
• Name and approximate number per ounce of each 

kind of secondary, noxious weed seeds.
• Percent weed seed.
• Percentage by weight of other agricultural seeds.
• Percentage by weight of inert matter.
• Net weight (pounds) of seed in the bag.
• State where seed was grown.

Home-grown grains are often low in quality and ger-
mination and are frequently contaminated with weed 
seed. These grains should not be used for seed except 
in an emergency, and then only after the seed has been 
cleaned, tested for germination and vigor, and treated 
with the appropriate fungicides. If home-grown grain 
is to be used for seed, then the seed field should be 
carefully harvested with a machine adjusted to main-
tain the best grain quality. The grain should be harvest-
ed when the grain moisture is four to eight percentage 
points higher than the proper storage moisture to re-
duce damage to the grain. The harvested grain should 
be handled gently to avoid damaging the seed coat. 
The cost of professionally produced and conditioned 
seed is only slightly more expensive than that of saved 
grain that has been properly cleaned, conditioned, and 
treated with the appropriate fungicides and insecti-
cides and is an excellent value. Investment in new seed 
each planting season encourages seed companies to 
develop new, better-adapted, higher-yielding varieties 
that generate more income than can be realized from 
using one’s own grain for seed.

All carryover seed and all grain saved for seed should 
be tested for germination and vigor before use. For 
grains saved on the farm, these tests should be con-
ducted before the grain is cleaned, treated with a fun-
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gicide, and bagged. Two laboratories in Ohio specialize 
in testing all kinds of seed for germination, purity, 
vigor, and other quality traits. These laboratories are:

Central Ohio Seed Testing 
P. O. Box 1580 
6150 Avery Road 
Dublin, OH 43017-6580 
Phone: 614-792-0334 
Fax: 614-889-8979

Seed Technology, Inc. 
P. O. Box 397 
1383 Columbus Avenue 
Marysville, OH 43040 
Phone: 937-644-0088 
Fax: 937-644-0602

Seed Quality Test
Standard Germination—This warm germination test 
is conducted for five to eight days at a temperature of 
77°F and represents such ideal conditions for germina-
tion that even weak seed will often germinate. This is 
the germination percentage reported in the seed label-
ing information required for all seed offered for sale. 
This test can be conducted on either fungicide-treated 
or untreated seed.

Cold Test—This test is designed to measure the abil-
ity of seeds to germinate under high soil-moisture and 
low soil-temperature conditions. This vigor test simu-
lates early season adverse field conditions and usually 
represents the lowest germination rate that would be 
expected from seed planted in such conditions. Actual 
field germination will normally fall between the cold 
test and the warm test results. This test can be con-
ducted on either fungicide-treated or untreated seed. A 
germination percentage of 70 or greater is considered 
to be very good.

Accelerated Aging—This vigor test estimates the car-
ryover potential of seed in warehouse storage. The 
seeds are exposed to high temperatures and high hu-
midity for short periods of time. Seeds are suspended 
over water in a special chamber for 72 to 96 hours, 
depending on the species, and then removed and 
evaluated using the standard warm germination test. 
This test is recommended for frost-injured seed corn, 
carryover corn and soybean seed, and pre-sprouted 
wheat seed. This test can be conducted on either fungi-
cide-treated or untreated seed.

Tetrazolium (TZ)—This test is known as a quick test 
for seed viability and can be very useful when the ap-
proximate germination rate is needed quickly. This test 
will not indicate disease as a warm germination test 
does but is highly reliable for corn, soybeans, wheat, 
and other grasses. 

Due to short crop rotations, most crop fields in Ohio 
are infected with microorganisms that cause a wide 
range of disease in agronomic crops. In addition to 
using varieties with disease resistance, fungicide seed 
treatments are necessary to help control crop diseases. 
While much of the purchased crop seed contains a 
seed treatment with the appropriate fungicides, some 
seed companies do not treat the seed of some variet-
ies they market. Therefore, it may be necessary to 
treat seed with fungicides on the farm before the seed 
is planted. Table 11-1 contains a listing of seed treat-
ments labeled for application to seed on the farm and 
indicates which crops they are used for. Be sure to read 
product labels to determine application rates because 
over-application may kill the seed and under-applica-
tion will not provide the needed protection.
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Table 11-1: Seed Treatments Labeled for Application to Seed on the Farm.*

Product Active Ingredient Company Corn Soybeans Wheat Hopper Box

Agrox Premiere Captan 14.67% 
Diazinon 15.52% 
Lindane 25% 
Metalaxyl 1%

Agriliance X X

Allegiance Dry Metalaxyl 12.5% Trace Chemical X X

Apron MAXX RTA Mefenoxam 1.07% 
Fludioxonil 0.73%

Syngenta X

Apron MAXX RTA + Moly Mefenoxam 0.99% 
Fludioxonil 0.99% 
Molybdenum 4.67%

Syngenta X

Bean Guard Captan 23.9% 
Carboxin 12.5%
Molybdenum 10%

Trace Chemical X X

Bean Guard Allegiance Captan 24.4% 
Metalaxyl 3.75% 
Carboxin 12.5%

Trace Chemical X X

Captan Diazinon Captan 36.7%  
Diazinon 25%

Trace Chemical X X

Dividend XL RTA Difenoconazole 3.21% 
Metalaxyl 0.27%

Syngenta X

Enhance Captan 16.6%  
Carboxin 20%

Trace Chemical X X X

Germate Plus Carboxin 14% 
Diazinon 15% 
Lindane 25%

Trace Chemical X X

Grain Guard Mancozeb 50% Trace Chemical X X

Kernel Guard Captan 14.7% 
Diazinon 15% 
Lindane 25%

Trace Chemical X X X

Kernel Guard Supreme Carboxin 14% 
Permethrin 10.4%

Trace Chemical X X X

Kickstart Lindane 25% 
Diazinon 15% 
Carboxin 14%

Helena 
Chemical

X X X

Latitude Imidacloprid 25% 
Carboxin 14% 
Metalaxyl 1%

Gustafson X X

Penncozeb 80WP Mancozeb 80% Cerexagri X X

Prevail Carboxin 15% 
PCNB 15% 
Metalaxyl 3.125%

Trace Chemical X X X X

RTU Flowable Fungicide Thiram 12.6% 
Thiabendazole 0.34%

Gustafson X

RTU Vitavax-Thiram Carboxin10% 
Thiram 10%

Gustafson X X X

continued on next page
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Product Active Ingredient Company Corn Soybeans Wheat Hopper Box

Stiletto Carboxin 10% 
Thiram 10% 
Metalaxyl 1.62%

Trace Chemical X X X

SoyGard Metalaxyl 20% 
Azoxystrobin 15%

Gustafson X X

Vitavax M DC Captan 23.9% 
Carboxin 12.5%

Helena X X

Vitavax TL Carboxin 10% 
Thiram 10%

Trace Chemical X X X

Warden RTA Mefenoxam 2.15% 
Fludioxonol 0.72% 

Agriliance X

*Ohio Department of Agriculture Pesticide Product Registration Database.

Seed/Variety Protection Laws
The development of new plant varieties and hybrids 
is a very expensive activity requiring a great research 
effort and lots of time. Because the seed of many crops 
is easily reproduced and sold, it is often difficult for 
developers to recover their development cost, much 
less earn a profit. Without incentives to develop new 
varieties, our country, and farmers in particular, would 
not have the many new varieties developed to date 
and could not expect to receive the benefits of future 
variety development.

The principal incentive for research and development 
of new varieties is granted in the exclusive right to 
reap the financial rewards of that effort for a number of 
years. There are two ways in which developers of plant 
varieties may profit from their development effort—a 
certificate of plant variety protection under the Plant 
Variety Protection Act (PVPA) and a utility patent.

The Plant Variety Protection Act 
This act was developed to promote the development 
of new varieties. It allows plant breeders to determine 
who can sell seed of the varieties they develop, which 
helps them recoup the funds expended to develop 
improved varieties. This system provides farmers 
with a continuous stream of improved varieties with 
increased yield potential and resistance to insects and 
diseases, and improved adaptation to adverse growing 
environments.

(Table 11-1 Continued) Seed Treatments Labeled for Application to Seed on the Farm.*

The Amended Plant Variety Protection Act became 
effective April 4, 1995, and covers all crops included 
in this guide except hybrid corn. Without the author-
ity of the owner of a variety, the following actions are 
prohibited:

• Selling or offering a protected variety for sale.
• Sexually multiplying the variety as a step to mar-

keting it for seeding purposes.
• Using seed marked or labeled “propagation pro-

hibited” to propagate the variety.
• Dispensing the variety to another person without 

telling that person the variety is protected.

The law specifies how a farmer whose primary occu-
pation is growing crops for food or feed (not growing 
crops as a source of seed to sell) may use seed. Seed 
protected under this law must be sold by variety name 
(except for turf, forage crops, alfalfa, and clover). A 
producer who has obtained the seed with the authority 
of the owner may use the seed for growing a crop and 
save the seed that results from that crop for his/her 
personal use. He/she may not sell this reproduced 
seed to a second producer. 

Title V: This option of variety protection allows for the 
sale of seed by variety name only as a class of certified 
seed. Non-certified sales are prohibited. Seed may be 
called “Certified” only after meeting all the require-
ments and standards of an official seed certifying 
agency, which in Ohio is the Ohio Seed Improvement 
Association.
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Utility Patents
Utility patents are a means of protection for varieties 
with special characteristics, especially those devel-
oped through genetic engineering or biotechnology. 
Examples are Roundup Ready varieties and hybrids, 

Liberty Link varieties and hybrids, Yield Guard Plus, 
Hercurlex, and Clearfield Hybrids. Table 11-2 indicates 
the activities allowed by farmers and seed conditioners 
by various seed laws.

Table 11-2: Seed Protection: Rights and Responsibilities

Farmer 1994 PVPA Title V Patent

Allowed to save seed Yes* Yes* No

Allowed to sell seed (no advertising) to neighbor  
if in compliance with state laws.

No 1970 PVPA only No

Conditioner

Condition varieties for farmers Yes* Yes* No

Store seed for farmers Yes* Yes* No

Clean or stock as step in marketing variety No No No

Deliver or load seed to a third party No No No

Advertise farmer-saved seed No No No

Sell or act as broker for farmer-saved seed No No No

*Limited to the amount of seed needed to plant a farmer’s own holdings (land owned, leased, or rented).
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Chapter 12
Principles of Weed Management  
in Agronomic Crops
By Dr. Mark Loux

Weed control is an essential part of all crop production 
systems. Weeds reduce yields by competing with crops 
for water, nutrients, and sunlight. Weeds also may di-
rectly reduce profits by hindering harvest operations, 
lowering crop quality, and producing chemicals that 
are harmful to crop plants (allelopathy). In addition, 
weeds left uncontrolled may harbor insects and diseas-
es and produce seed or rootstocks that infest the field 
and affect future crops. Despite large expenditures for 
weed control, it is estimated that losses in U.S. crops 
due to weeds left uncontrolled exceed $7.5 billion an-
nually.

Years of research have shown that good weed con-
trol within the first four to six weeks after crops are 
planted is critical in order to avoid a yield reduction 
from weeds. There are many cultural, mechanical, and 
chemical methods of weed control that are extremely 
effective, if applied at the correct time. Fields that are 
kept free of weeds for the first four to six weeks after 
planting give the crop a head start that enables it to 
shade out or otherwise out compete weeds that emerge 
later in the season.

It is important to identify specific weed problems, 
because different weeds vary greatly in their abil-
ity to compete with crops and reduce yields. Is 100% 
control of all weeds necessary? Perhaps this can be 
answered by stating that most successful producers 
design control programs to maximize profit, not just 
control weeds. While it is true that crops are able to tol-
erate a certain threshold number of weeds without suf-
fering a yield reduction, it is first important to consider 
weed problems on an individual basis. There are some 
weeds for which 100% control may be desirable be-
cause they are particularly competitive, persistent, or 
difficult to control. These include some annual weeds 
such as giant ragweed, common cocklebur, burcucum-
ber, or shattercane, and several perennial weeds such 
as Johnsongrass, Canada thistle, bindweeds, Jerusalem 
artichoke, quackgrass, and hemp dogbane. 

The general principles of weed and herbicide manage-
ment in corn, soybeans, wheat, and alfalfa are present-
ed in sections that follow. Additional information can 
be found in OSU Extension Bulletin 789, Weed Control 
Guide for Ohio Field Crops, http://ohioline.osu.edu/
b789/index.html .

Weed Management in Corn
Preemergence herbicide programs have long been the 
mainstay of weed management in corn, due in large 
part to the low cost of atrazine and its broad spectrum 
of control. A total preemergence approach can still be 
effective in fields with low to moderate populations 
of most annual weeds. The commonly used premix of 
atrazine plus an acetamide herbicide (Bicep II Mag-
num, Degree Xtra, FulTime, and others) can be supple-
mented as necessary with Balance, Callisto, Python, 
Hornet, or simazine to improve control of weeds such 
as fall panicum, triazine-resistant lambsquarters, and 
velvetleaf. However, some of these tank-mix partners 
can occasionally cause crop injury, especially when 
corn is planted too shallow, on coarse-textured soils, 
and when cold, wet conditions occur after planting. 

In fields with moderate to high weed populations, 
a preemergence plus postemergence approach will 
provide more consistent control with less risk of corn 
injury. A number of options are available for this type 
of program at a reasonable cost. A preemergence plus 
postemergence approach is especially effective in fields 
with giant ragweed, burcucumber, moderate to high 
annual populations of annual grass, velvetleaf, and 
triazine-resistant lambsquarters, and perennial weeds. 

A number of effective total postemergence herbicide 
programs are also available. However, research in-
dicates that total postemergence programs lacking 
residual activity should be used only in fields with 
low weed populations. A total postemergence herbi-
cide program should be applied before most weeds 
in a field exceed four inches in height, and reinfesta-
tion with later-emerging weeds is likely if a herbi-
cide with residual activity is not included. Using a 
postemergence program that has substantial residual 
activity allows more flexibility in the window of appli-
cation. Herbicides can be applied when weeds are any-
where from two- to four-inches tall, since the residual 
component will control many weeds that emerge after 
application. 
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Weed Management in Soybeans
A number of broad-spectrum preemergence (PRE) 
and postemergence (POST) herbicides are available 
for use in soybeans. Almost any type of approach to 
herbicide management can be used in fields with low 
weed pressure with little risk of crop yield loss. These 
approaches include total PRE, PRE followed by POST, 
and total POST. However, the biology of some weeds 
that occur in soybean fields, in addition to the slow 
early development of no-till soybeans, can make it 
difficult to achieve effective weed control with a single 
application of PRE or POST herbicides. For this reason, 
a PRE followed by POST program or a two-pass POST 
program often provides the most consistent control. 

Weeds that are especially problematic in a total PRE 
herbicide program, depending upon their population, 
include annual grasses, giant ragweed, ALS-resistant 
common ragweed, marestail, annual morningglory, 
cocklebur, waterhemp, and most perennial weeds. 
Another major drawback to PRE herbicides applied 
at planting is the narrow window of time in which at 
least one-half to one inch of rain must occur to move 
herbicide into the soil. In early May when soybeans 
are often planted, weeds will typically start to emerge 
within eight to 10 days after tillage or an application 
of glyphosate or paraquat. Rain is needed before these 
weeds emerge in order for PRE herbicides to be effec-
tive. Applying herbicides several weeks or more be-
fore planting of no-till soybeans often results in more 
consistent weed control initially, although herbicide 
activity may not last as long after planting, compared 
to application at the time of planting.

Weeds that can be problematic in a one-pass, total 
POST herbicide program, depending upon their popu-
lation, include annual grasses, giant ragweed, water-
hemp, lambsquarters, marestail, and some perennials 
(because they may be too small at the time of an early 
POST application). Most POST soybean herbicides 
should be applied before weeds exceed three to six 
inches in height for consistent control and to avoid 
crop yield loss. Glyphosate application can be timed 
for weed heights of four to eight inches, although vel-
vetleaf, lambsquarters, and some other weeds are more 
easily controlled when less than six inches tall. 

Factors to take into consideration when deciding on 
the proper timing of a single postemergence applica-
tion include: 

• Giant ragweed grows at approximately twice the 
rate of most annual weeds and is likely to be eight 
to 12 inches tall when other weeds are three to six 
inches tall.

• Wet and/or cold weather can prevent timely ap-
plication and result in the need to treat many 
acres within a short period of time once favorable 
weather returns.

• When weed populations continue to emerge after 
the POST application and are not suppressed by 
the soybean leaf canopy, a second POST applica-
tion may be needed.

A planned PRE plus POST approach will provide more 
consistent weed control than any one-pass approach 
in many fields and will help solve some of the prob-
lems in management of POST herbicides. The most 
complete PRE plus POST program includes use of a 
PRE herbicide with activity on key broadleaf weeds 
that also provides at least some early-season control of 
grasses, followed by a POST treatment with activity on 
grass and broadleaf weeds. 

In many cases, early-spring application of a PRE her-
bicide with 2,4-D ester in no-tillage fields can reduce 
or eliminate the need for glyphosate or paraquat, in 
addition to providing residual weed control. The PRE 
herbicide can control or reduce the population of some 
problem broadleaf weeds, such as lambsquarters, wa-
terhemp, and giant ragweed, making it relatively easy 
to control any later-emerging weeds with the POST 
treatment. A major advantage of the PRE plus POST 
approach, compared to total POST, is that the PRE 
herbicide will often provide enough weed control to 
prevent major problems if weather delays the POST 
application, reducing the risk of yield loss. Use of the 
PRE plus POST approach to allow for a slightly de-
layed POST application can result in more consistent 
control of late-emerging weeds, such as foxtails,  
giant ragweed, black nightshade, waterhemp, and 
perennials.

Weed Management in Wheat
A healthy wheat crop competes well with weeds, espe-
cially when production techniques result in an initial 
uniform stand and when loss of stand due to winter in-
jury is minimal. Effective weed control and prevention 
of weed seed production in prior crops will reduce the 
risk of weed problems in wheat. Some wheat fields can 
benefit greatly from herbicide application, and failure 
to scout fields and take the appropriate measure can 
result in yield loss and harvesting problems in these 
fields. The weeds that appear above the wheat canopy 
late in the season, such as ragweeds and Canada this-
tle, can often be easily controlled with a spring herbi-
cide treatment. 
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The most common weed problems in wheat include:
• Winter annual weeds, such as common chickweed, 

purple deadnettle, shepherd’s-purse, and field 
pennycress. 

 These weeds become established in the fall along 
with the wheat and can interfere with the early 
development of wheat in spring. Dense popula-
tions of winter annual weeds should be controlled 
in late fall or early spring to minimize interference 
with wheat growth. Many of these weeds have 
emerged by the time of no-till wheat planting and 
can be controlled with glyphosate before wheat 
emerges.

• Wild garlic, due to the contamination of harvested 
grain with its bulblets. 

 Several herbicides are effective if applied in the 
spring after garlic has several inches of new 
growth.

• Canada thistle, which can greatly suppress wheat 
growth due to its tendency to occur in dense patch-
es. 

 Most wheat herbicides have some activity on this-
tle and can suppress it adequately if not applied 
too early in spring.

• Dandelion, which can interfere with wheat es-
tablishment in the fall and wheat growth in the 
spring. 

 Emerged dandelion should be controlled prior to 
wheat planting with tillage or glyphosate.

• Summer annual broadleaf weeds, such as common 
and giant ragweed, which can begin to emerge in 
late March. 

 A healthy wheat crop can adequately suppress 
these weeds, but herbicide application is occasion-
ally warranted. 

It is essential to apply herbicides at the correct stage 
of wheat growth to avoid crop injury. When wheat 
has not yet reached the jointing stage, any herbicide 
labeled for spring application to wheat can be safely 
applied. As the wheat growth stage advances past 
jointing and approaches the boot stage, herbicide 
choices become more limited. Most herbicides can be 
applied using nitrogen fertilizer solution as the carrier. 
This may increase the risk of crop injury, and some la-
bels recommend reducing surfactant rates to minimize 
injury. 

Managing Weeds in Forage 
Legumes
Management of weeds in forages requires a differ-
ent approach than in row crops. More than 95% of 
the weed control in a healthy forage crop comes from 
the competition provided by the forage. However, to 
maintain a relatively weed-free forage, proper fertiliza-
tion, cutting management, insect control, the use of 
disease-resistant varieties, and selective herbicide use 
are necessary to keep the forage stand competitive.

If weeds become a problem, they can compete or inter-
fere for light, nutrients, water, and space, directly in-
fluencing yield and standability. Common chickweed 
infestations in alfalfa have been reported to reduce 
forage stand by more than 30%. Common chickweed 
emerges in the fall and winter and early in spring 
develops a thick lush mat that can compete with the 
first forage cutting. Once the chickweed dies in early 
summer, summer annual weeds, such as foxtails, 
lambsquarters, and pigweed, or perennial weeds, such 
as dandelion, can replace the dead or dying winter 
annual weeds and continue to reduce forage yield and 
quality.

Unlike most grain or fiber crops from which weeds 
are separated at harvest, weeds are often harvested 
along with the forage crop, potentially reducing qual-
ity. Reductions in quality are often in the form of lower 
protein content and feed digestibility. Although weeds 
do have some feed value, this varies among species. 
Dandelions can provide levels of protein and total 
digestible nutrients (TDN) similar to alfalfa. Control of 
dandelion may not necessarily improve the quality of 
hay, but it may be of some value in reducing the time 
necessary to dry the hay, since dandelion dries more 
slowly than alfalfa. Increased drying time may mean 
greater harvest losses if rain occurs too soon after har-
vest.

Grassy weed quality can be similar to that of the for-
age. In general, weedy grasses have about 75% of the 
quality of alfalfa. However, controlling quackgrass 
in alfalfa can increase forage protein levels by 4% to 
7%. Weeds with woody stems or flower stalks, such 
as yellow rocket, white cockle, rough fleabane, curly 
dock, and broadleaved dock, have lower protein lev-
els (about 50% of the quality of alfalfa), so controlling 
them is even more important.

When weeds are present or persist in spite of good 
management, herbicides can help improve forage yield 
and quality. Weed control at establishment or in the 
seedling year is most critical for maintaining a healthy 
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forage stand. When weeds are controlled the seedling 
year, the forage crop seldom requires additional her-
bicide treatments for at least the first two years of the 
stand.

Weed management in forages can be divided into two 
phases—control in the establishment or seedling year 
and control in an established stand.

Control Before and During Forage 
Establishment
Managing weeds in forages begins long before crop 
establishment. Certain types of weeds are potentially 
serious problems for forages, so it is important to 
eliminate them in advance. In particular, perennial 
broadleaf weeds and grasses, such as dandelion, curly 
dock, Canada thistle, and quackgrass, are much easier 
to manage prior to planting a forage crop. In addition, 
biennial weeds, such as musk thistle, wild carrot, and 
burdock, should be eliminated before establishing for-
age. If these weeds are not removed before the seeding 
is made, they commonly persist throughout the life of 
the forage. The cost of controlling weeds before or at 
the time of seeding should be considered an invest-
ment that will be returned for the life of the stand. 

Some general rules for managing weeds at establish-
ment or in the seedling year follow:

• Weeds that emerge with the crop are generally 
more destructive.

• It is best to maintain the forage relatively weed-
free for the first 60 days.

• Weeds that emerge beyond 60 days will not influ-
ence that year’s forage yield.

• Later-emerging weeds may still influence forage 
quality.

• Winter annual weed competition in early spring is 
most damaging to forages.

• Broadleaved weeds are generally more competitive 
against legumes than grassy weeds.

Herbicides are needed most often during establish-
ment, and several options exist for managing weeds in 
pure legume seedings. In no-till seedings, adequately 
controlling the existing vegetation, especially perenni-
als, prior to planting is very important. Weed control 
is also very important while the forage is young and 
prone to competition from invading species.

Control in Established Forages
The best weed control in an established forage stand 
is achieved by maintaining a dense healthy stand 
through proper fertilization, cutting management, and 
insect control. Controlling weeds in established for-
ages is normally of greatest benefit in the first cutting. 
Weeds generally cause less yield loss in the second and 
succeeding harvests. Before using a herbicide in estab-
lished stands, evaluate the forage to ensure that it is 
worth the cost of the herbicide. 

Some general rules to follow before using a herbicide 
in established forage stands are:

• Thin or irregular stands will not thicken once 
weeds are removed. Be sure there are sufficient 
desirable species to fill in the gaps. Weeds tolerant 
of the herbicide may invade the space left by sus-
ceptible species, ultimately creating a more severe 
weed problem.

•  Only well-established vigorous stands should be 
treated with herbicides.

•  If the forage stand is at least two years old with 
25% to 30% weeds, removing the weeds with an 
herbicide application is of questionable value.

• If 50% or more of the stand consists of weeds, it is 
time to rotate to a different crop.

• Weed control in established stands is most effec-
tive when herbicides are applied in the fall or early 
spring. Application of Sencor or Velpar in winter 
when established alfalfa is dormant is the most ef-
fective method of controlling broadleaf weeds.

• Many herbicides have harvesting, feeding, or graz-
ing restrictions following their use. Consult labels 
prior to use.
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Appendix
English and Metric Conversions
English to Metric
Acres X 0.405 =  Hectares (ha)
Acres X 4047 = Square meters
Cubic inches X 16.39 = Cubic centimeters (cc)
Cup X 236.5 = Milliliters (ml)
Feet X 0.3048 = Meters (m)
Feet X 30.48 = Centimeters (cm)
Fluid ounce X 29.57 = Milliliters (ml)
Gallons X 3,785 = Cubic centimeters (cc)
Gallons X 3.785 = Liters (l)
Grains X 0.0648 = Grams (g)
Inches X 2.54 = Centimeters (cm)
Miles X 1.69093 = Kilometers (km)
Ounces (dry) X 28.3495 = Grams (g)
Ounces (liquid) X 29.573 = Cubic centimeters (cc)
Pints X 473 = Milliliters (ml)
Pints (liquid) X 0.4732 = Liters (l)
Pounds X  453.5924 = Grams (g)
Pounds X  0.45359 = Kilograms (kg)
Pounds per acre X 1.12 =  Kilograms/hectare  

(kg/ha)
Quarts X 946 = Milliliters (ml)
Quarts (liquid) X 0.9463 = Liters (l)
Tablespoon X 15 = Milliliters (ml)
Teaspoon   5 = Milliliters (ml)
Ton X  907.1849 = Kilograms (kg)
Yards X 0.9144 = Meters (m)

English to English
Acres X  43,560 = Square feet
Acres X  160 = Square rods
Acres X  4,840 = Square yards
Bushels X  2,150.42 = Cubic inches
Bushels X  4 = Pecks
Bushels X  1.25 = Cubic feet
Bushels X  32 = Quarts
Cord (4’ x 4’ x 8’) X  8 = Cord feet
Cord foot (4’x4’x1’) X  16 = Cubic feet
Cubic feet X  1,728 = Cubic inches
Cubic feet X 0.03704 = Cubic yards
Cubic feet X  7.4805 = Gallons
Cubic feet X 29.92 =  Quarts (liquid)
Cubic yards X 27 = Cubic feet

Cubic yards X  46,656 = Cubic inches
Cubic yards X 0.7646 = Cubic meters
Cubic yards X 202 = Gallons
Cubic yards X  807.9 =  Quarts (liquid)
Cup X  8 = Fluid ounces
Cup X 0.25 = Quarts
Cup X  16 = Tablespoons
Cup X  48 = Teaspoons
Degree  
Celsius +18 X 1.8 =  Degree Fahrenheit
Degree  
Fahrenheit -32 X 0.5555 =  Degree Celsius
Fathom X  6 = Feet
Feet X 12 = Inches
Feet X  0.33333 = Yards
Feet per minute X 0.01667 =  Feet per second
Feet per minute X  0.01136 =  Miles perhour
Fluid ounce X 2 = Tablespoons
Fluid ounce X 6 = Teaspoons
Furlong X 40 = Rods
Gallons X  0.1337 = Cubic feet
Gallons X  231 = Cubic inches
Gallons X 128 =  Ounces (liquid)
Gallons X 4 =  Quarts (liquid)
Gallons of water X 8.3453 =  Pounds of water
Hundred wt (cwt.) X  100 = Pounds 
Inches X  0.08333 = Feet
Inches X  0.02778 = Yards
Miles X  5,280 = Feet
Miles X  320 = Rods
Miles X  1,760 = Yards
Miles per hour X  88 =  Feet per minute
Miler per hour X  1.467 =  Feet per second
Miles per minute X  88 =  Feet per second
Miles per minute X  60 =  Miles perhour
Ounces (dry) X  0.0625 = Pounds
Ounces (liquid) X  1.805 = Cubic inches
Ounces (liquid) X  0.0078125 = Gallons
Ounces (liquid) X  0.03125 =  Quarts (liquid)
Ounces  X  16 = Drams
Pecks X 0.25 = Bushels
Pecks X  537.605 = Cubic inches
Pecks X  8 = Quarts (dry)
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Pints X  28.875 = Cubic inches
Pints X  2 = Cups
Pints X  0.125 = Gallons
Pints X  32 = Tablespoons
Pints (dry) X 0.015625 = Bushels
Pints (dry) X  33.6003 = Cubic inches
Pints (dry) X  0.0625 = Pecks
Pints (dry) X  0.5 = Quarts (dry)
Pints (liquid) X 28.875 = Cubic inches
Pints (liquid) X 0.125 = Gallons
Pints (liquid) X  16 =  Ounces (liquid)
Pints (liquid) X  0.5 =  Quarts (liquid)
Pounds X  7,000 = Grains
Pounds X 16 = Ounces
Pounds X  0.0005 = Tons
Pounds of water X  0.01602 = Cubic feet
Pounds of water X  27.68 = Cubic inches
Pounds of water X 0.1198 = Gallons
Quarts (dry) X  0.03125 = Bushels
Quarts (dry) X  67.20 = Cubic inches
Quarts (dry) X  0.125 = Pecks
Quarts (dry) X  2 = Pints (dry)
Quarts (liquid) X  57.75 = Cubic inches
Quarts (liquid) X  0.25 = Gallons
Quarts (liquid) X  32 =  Ounces (liquid)
Quarts (liquid) X  2 = Pints (liquid)
Rods X  16.5 = Feet
Square feet X  0.0000229 = Acres
Square feet X  144 = Square inches
Square feet X  0.11111 = Square yards
Square inches X  0.00694 = Square feet
Square miles X  640 = Acres
Square miles X  27,878,400 = Square feet
Square miles X  3,097,600 = Square yards
Square yards X  0.0002066 = Acres
Square yards X  9 = Square feet
Square yards X  1,296 = Square inches
Tablespoon X  3 = Teaspoons
Tablespoon X  0.5 = Fl. ounces
Teaspoon X  0.17 = Fl. ounces
Ton X  32,000 = Ounces
Ton (long) X  2,240 = Pounds
Ton (short) X  2,000 = Pounds
Yards X  3 = Feet
Yards X  36 = Inches
Yards X 0.000568 = Miles

Metric to Metric
Centimeters X 0.01 = Meters
Centimeters X 10 = Millimeters
Grams X 0.001 = Kilograms
Grams X 1,000 = Milligrams
Kilogram X 1,000 = Grams
Liters X 0.001 = Cubic centimeters
Meters X 100 = Centimeters
Meters X 0.001 = Kilometers
Meters X 1,000 = Millimeters
Square meters X 0.0001 = Hectares 
Cubic meters X 1,000,000 = Cubic centimeters

Metric to English
Centimeters X 0.3937 = Inches 
Cubic centimeter X 0.061 = Cubic inches
Cubic meters X 1.308 = Cubic yards
Cubic meters X 35.31 = Cubic feet
Cubic meters X 61,023 = Cubic inches
Cubic meters X 264.2 = Gallons
Cubic meters X 1,057 = Quarts (liquid)
Grams X 15.43 = Grains
Grams X 0.0353 = Ounces
Grams/liter X 1,000 = Parts per million
Hectares X 2.471 = Acres
Kilograms X 2.205 = Pounds
Kilograms/hectare X 0.8929 = Pounds per acre
Kilometers X 3,281 = Feet
Kilometers X 0.6214 = Miles
Kilometers x  1,094 = Yards
Knot X 6,086 = Feet
Liters X 1,000 = Cubic centimeters
Liters X  0.0353 = Cubic feet
Liters X 61.02 = Cubic inches
Liters X 0.2642 = Gallons
Liters X 1.057 = Quarts (liquid)
Liters X 0.908 = U.S. dry quart
Meters X 3.281 = Feet
Meters X 39.37 = Inches
Meters X 1.094 = Yards
Milliliter X 0.034 = Fluid ounces
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Useful Tables: Adjustments and Conversions 
Soybean Moisture Conversions

% Moisture Pounds per Bu % Moisture Pounds per Bu
7.0 56.13 14.0 60.70

7.5 56.43 14.5 61.05

8.0 56.74 15.0 61.41

8.5 57.05 15.5 61.77

9.0 57.36 16.0 62.14

9.5 57.68 16.5 62.51

10.0 58.00 17.0 62.89

10.5 58.32 17.5 63.27

11.0 58.65 18.0 63.66

11.5 58.98 18.5 64.05

12.0 59.32 19.0 64.44

12.5 59.66 19.5 64.84

13.0 60.00 20.0 65.25

13.5 60.35

lbs dry = [(100% - wet%) / (100% - dry%)] x lbs of wet grain
EXAMPLE: Convert 3,000 lbs of 18% moisture beans to 13.0% moisture:
[(100% - 18%) / (100% - 13%)] x 3,000 lbs = 82/87 x 3,000 lbs = 0.942 x 3,000 lbs = 2827.5 lbs @ 13%.

Atomic Weights of Nutrients

Element Atomic Weight
N Nitrogen 14.01

P Phosphorus 30.98

K Potassium 39.10

Ca Calcium 40.08

Mg Magnesium 24.31

S Sulfur 32.06

Cu Copper 63.54

Fe Iron 55.85

Mn Manganese 54.94

Zn Zinc 65.37

B Boron 10.82

Cl Chlorine 35.46

Mo Molybdenum 95.94

O Oxygen 16.00

C Carbon 12.01

H Hydrogen 1.01

Water = H2O = 2 * 1.01 + 16.0 = 18.1
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Micronutrient Sources

Percentage

Boron Materials

Borax 11

Boron Frits 2–6

Boric Acid 17

Fertilizer Borate-46 14

Fertilizer Borate-65 21

Solubor 20

Zinc Materials

Zinc Sulfate 35

Zinc Oxide 78–80

Organic Zinc Complexes 5–12

Zinc Chelates 9–14

Zinc Frits Varies

Manganese Materials
Manganese Sulfate 25–28

Organic Manganese Complexes 5–12

Manganese Chelate 5–12

Manganese Frits 10–25

Iron Materials
Ferrous Sulfate 19–21

Ferric Sulfate 23–27

Iron Chelates 5–15

Organic Iron Complexes 5–12

Iron Frits 30–40

Copper Materials
Copper Sulfate 13–53

Cupric Oxide 75

Cuprous Oxide 89

Copper Chelate 9–13

Copper Frits 40–50

Organic Copper Complexes 5–7

Molybdenum Materials
Ammonium Molybdate 54

Sodium Molybdate 39

Molybdenum Frits 2–3

Bushels, Test Weights, and Calculations
How and why grain test weight is used in the grain 
market and how producers can assure acceptable test 
weights from their crop production program are ex-
plained here.

Bushel is a volume measurement for grain created 
many years ago by Celtic peoples (Scotland, Wales, 
Brittany, Ireland) to facilitate fair grain trade. The 
bushel measurement was not defined in terms of cu-
bic feet, but it is currently considered to be about 1.25 
cubic feet in volume. Although grain is referred to in 
terms of bushels in the United States, it is referenced 
and traded on the basis of weight (tons or metric tons) 
throughout the rest of the world. To facilitate the trad-
ing of grain, the USDA created weight standards for 
each grain so that grain could be weighed to determine 
the number of bushels rather than trying to make 
volume measurements. Corn was assigned a bushel 
weight of 56 pounds, while soybeans and wheat were 
assigned bushel weights of 60 pounds. Some other 
examples are rye = 56 pounds per bushel, barley = 48, 
oat and fescue = 32, etc. 

The test weight concept was developed many years 
ago by the grain trade as a means of accounting for the 
varying densities of grain caused by weather and/or 
production practices. When grain density is lower than 
the accepted standard (low test weight), more vol-
ume is needed to store and transport a given weight 
of grain, thus increasing storage and transport costs. 
Different grades of each grain have different standard 
test weights. No. 2 yellow corn has a standard of 56 
pounds per bushel, while No. 3 yellow corn has a low-
er weight. Test weight is determined on each load of 
grain sold by weighing a known volume of the grain. 
If the weight is lower than the acceptable range, the 
sale is docked on a percentage basis. The seller of grain 
with test weight greater than the acceptable range is 
usually not rewarded for a superior product. 

Varieties of a crop often vary in their inherent test 
weight. Two common causes of low test weights are: 

• Grain is prevented from filling completely and/or 
maturing and drying naturally in the field due to a 
killing frost, hail, or insect damage. 

 When this happens, the starch molecules inside 
the grain are prevented from the natural process 
of shedding absorbed water molecules that allows 
the grain to shrink to a normal size. Artificial dry-
ing with heat removes this excess water, but the 
starch molecules do not shrink, and grain size does 
not change appreciably, so test weight (density) 
remains low. 
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• Grain matures and dries naturally in the field but 
is re-wetted by rainfall, dew, or fog, causing the 
grain to initiate the germination process (preco-
cious germination) before harvesting. 

 During germination, oil, starch, and protein are di-
gested to provide energy and molecules to produce 
a new seedling. This process leaves small voids 
inside the grain. Although the grain may again dry 
in the field, the seed size does not change, and the 
small voids inside the seed result in a decreased 
test weight. Maximum test weight is achieved 
when grain is harvested on the first dry-down and 
also at higher moisture. For example, the ideal har-
vest moisture for soybeans and corn is 16% to 19% 
moisture and 20% to 25% moisture, respectively. 

Grain is seldom sold at the standard moisture content 
(soybean = 13%, corn = 15.5%). When grain moisture 
content is greater than the standard, the grain weight 
is discounted to account for the extra moisture accord-
ing to the formula: (100% - wet %) divided by (100% 
- dry %). For a sample of soybeans at 18% moisture, the 
calculation would be: (100 - 18) divided by (100 - 13) = 
82/87 = 0.94. Multiplying the weight of the wet grain 
by 0.94 will give the weight of the grain at 13% mois-
ture. For example: 6,000 pounds of soybeans at 18% 
grain moisture would become 5,640 pounds of grain at 
13% moisture (6,000 x 0.94 = 5,640). 

If grain is dryer than the standard, that same equa-
tion can be used to calculate the increased weight that 
should be credited the seller, although that calculation 
is seldom made, and the seller is not usually rewarded 
for the low-moisture content. This calculation works 
for any grade of any grain for which the standard 
moisture content is specified.
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