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UNIVERSITY OF MISSOURI-COLUMBIA 

WELCOME TO THE AGRONOMY RESEARCH CENTER 

Dear Agronomy Day Vi sitor, 

College of Agriculture 

Agricultural Experiment Station 

2-44 Agriculture Building 
Co lumbia, Missouri 65211 
Telephone (314) 882-7488 

We welcome you to this special day when the Agronomy Research Center 
(Bradford Farm) is teaming up to share with SHOW-ME AGRI-TECH EXPO '82 in 
providing you new information to support our great agricultural enterprise 
in Mi ssouri . 

During your visit we will enjoy describing our work in: 

Soil Conservation and Management 
Forage Management 
Herbicide Techniques 
General Crop Management 
Farm Economics 

and to have you see a no-till planter demonstration. 

Work in field research faces the same challenges of weather, input costs, 
and crop pests that you experience. It is our goal, by conducting work here 
and at nearly 70 other locations in the State, to provide you ideas that will 
allow you to make a profit, conserve your soil and enjoy your key role in 
food production. 

Faculty are present--from Agricultural Economics, Agricultural Engineering, 
Agronomy, Entomology and Plant Pathology as well as from SCS. They will enjoy 
responding to your questions and to receive suggestions on problems you face 
that we might help solve. 

The Agronomy Research Center consists of 524 acres that was deeded to 
the Curators of the University of Missouri on November 17, 1959 by 
Mary Robnett Bradford and Estelle Bradford, her daughter. The soils on the 
farm are mainly of the Mexico and Putnam soil series common throughout north
east Missouri. This site supplies us a key field laboratory for research and 
over 125 faculty and staff conduct work here. 

We do welcome you and look forward to sharing this, future field days 
and other visits with you. 

Sincerely yours, 

~~.M~t.JJ 
Roger L. Mitchell 
Professor & Chairman 

an equal opportunity Institution 





SHOW-ME AGRI-TECH EXPO 182 
Agronomy Tours 

Agronomy Research Center (Bradford Farm) 

Six tours consisting of Soil Conservation, No-Till Planters, Farm Economics, 
Crop Management, Forages and Herbicide Technology are highlighted at this year1s 
Agronomy Research Center field days. Tours will be leaving about every 15 minutes 
beginning at 8:30 a.m. and ending at 2:30 p.m. daily. Each tour lasts about 
one hour with 5 stops per tour. The special No-Till Planter Demonstration Tour 
is scheduled twice daily at 11:00 a.m. and 2:30 p.m. This booklet contains brief 
descriptive summaries of the tour stops you will be seeing. 

SOIL CONSERVATION TOUR 

NO-TILL--PAYOFFS AND CONCERNS 
REDUCED TILLAGE . . . . . . . . 
SOIL COMPACTION AND AERATION . 
DEEP TILLAGE--DOES IT PAY IN MISSOURI? 
CONSERVATION TOUR: UNIVERSAL SOIL LOSS EQUATION 

NO-TILL PLANTER DEMONSTRATION 

SPECIAL TOURS AT 11:00 A.M. AND 2:30 P.M. DAILY . 

FARM ECONOMICS TOUR 

FARM POLICY AND FARM INCOME IN THE 1980 15 

SELECTING A COMPUTER FOR THE FARM 
MARKET INFORMATION OF THE FUTURE . 
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NO-TILL - PAYOFFS AND CONCERNS 

Homer C. Folks, Department of Agronomy 
Chris J. Johannsen, State Extension Agronomy Specialist 

Don Null, Area Agronomy Specialist 

In no-tillage planting the seed is placed in previously undisturbed soil 
using a planter equipped to plant through residue in a firm soil. Plant 
nutrients are broadcast on the soil surface before planting, and preemergence 
herbicides are applied afterward. Weeds growing at planting time are killed 
with a contact herbicide. 

Over a long term basis, no-til1 t s lower rates of erosion give a decisive 
yield advantage relative to conventional tillage. Illinois and Indiana 
research has shown that 100 pounds of residue per acre on the surface has 
reduced soil loss from 12 tons (with no residue) to one ton per acre. 

Farmers who have tried this system of crop production report varying 
degrees of success. The degree of satisfaction is related to the care and 
management which the farmer has given to overcoming potential problems. The 
specific circumstances of the individual soil types, kind and quantity of 
weeds, diseases, insects and the weather need to be dealt with by the farmer. 

Soils on slopes of three percent or above have responded best to no-till. 
Soils on slopes below three percent may have acceptable yields if adequately 
drained. One needs to know the level of organic matter and the soil texture 
for determining adequate fertility and herbicide application rates. Top soils 
that are medium textured provide the best results. 

Herbicides should be selected to kill existing vegetation as well as 
weed species that have not germinated. It is suggested that farmers keep 
records of their weed species by fields and that they remain aware of changes 
in weed composition. Herbicide combinations can be used to effectively control 
annual grasses and broadleafs, plus perennials. Post emergence or directed 
treatments can be used for perennials. Avoid no-till in fields infested with 
these perennial weeds: johnsongrass, bermudagrass or trumpet creeper. 

Check fields often for any diseases or insects that may have resulted 
from the extra plant residues on the surface. Such prompt attention avoids 
major problems in yield reductions later on. The most critical time ranges 
from plant emergence to when the plants are 8 to 12 inches tall. Daily 
checks of the fields in about four to five locations are recommended. Soil 
insecticide and fungicide should be selected following UMC guide sheet 
recommendations. 
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REDUCED TILLAGE 

James Gregory, Department of Agricultural Engineering 

DEFINITION 

Reduced tillage is a tillage system with a reduction in the number of 
tillage operations performed, compared to the conventional tillage system, with 
its moldboard plow followed by secondary tillage. Reduced tillage typically is 
a primary tillage of chisel ~lowing or hea~y ~isk followed by ~ot more than 
two secondary tillage operatl0ns such as dlsklng. A reduced tlllage system 
is also defined as a system which leaves at least 30% of the soil surface 
covered by crop residue. 

ADVANTAGES 

1. Chisel plowing costs about $2-3 per acre less than moldboard plowing. 

2. Initial growth of green weeds is destroyed before planting so a 
contact herbicide is not needed. 

3. Ag chemicals can be incorporated with a secondary tillage operation 
to obtain a more successful weed control program. 

4. Soil erosion is reduced by approximately 50% depending on the amount 
of residue cover remaining after tillage. 

5. Potential for insect damage somewhat reduced. 

6. Yields tend to be as good as with other tillage systems. 

DISADVANTAGES 

1. Soil erosion is not controlled as effectively as with a no-till system 
of farming. 

2. Reduced tillage following soybeans drastically reduces soil cover and 
may result in a residue cover as low as 10-20%. 

3. A multipurpose (no-till) planter or drill may be required to achieve 
good stands because of the residue on the surface. 

DISCUSSION 

Reduced tillage is a compromise between moldboard plowing and no-till. 
~~ny.of.the ~dvantages o~ moldboard plowing can be achieved with chisel plowing 

dlsklng wlthout removlng all of the soil cover. When corn or grain sorghum 
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is produced, residue production increases with high fertility and irrigation. 
When reduced tillage and high fertility and irrigation are used together, soil 
erosion may be reduced by 60% or more compared to moldboard plowing. 

Generally reduced tillage can be used on a wider range of soil conditions ' 
than no-till. Also while good management is important, management ;5 not as 
critical as with no-till. 
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SOIL COMPACTION AND AERATION 

Clark Gantzer and Bill Teague, Department of Agronomy 

Compaction refers to the increase in den~ity, and compression of an . 
unsaturated soil body resulting in the reductlon of to~al porous~ess especlally 
in large pore sizes, as a result of applied load~. 5011 compact~on can ~e 
caused by natural soil-forming processes of a SOl!~ o~ by tram~11ng by llVe
stock. Increases in soi 1 dens ity up to 1. 45 Mg . m Wl th asso~1 a ~ed porousness 
of less than 10% are not uncommon in past~red fle~ds. The pr~nclpa~ causes of 
soil compaction however are wheel trafflc and tlllage of sOll durlng crop 
production. Indeed, the'area covered by tractor wheels durin$ traditional seed
bed preparation including fertilizer distribution, two harrowlngs, sowing, and 
rolling, have been observed to be as much as 91 %. 

Compaction reduces plant growth by inc~easin~ soil strength, and decreasing 
large pores, both of which reduce root prollferatlon. Reduced root development 
is known to subject plants to greater water stress in infrequently irrigated 
soils. Compaction of the surface a few centimeters can increase soil strength 
and reduce aeration thus stressing plants to the extent that in severe cases 
seedling emergence may be only a small fraction of that found in uncompacted 
soi 1. 

Although a certain amount of unavoidable compaction may occur during normal 
farming operations, research is providing data to guide in steps which can 
minimize excessive negative effects. We have learned one of the most important 
considerations involves the choice at which water content we perform tillage 
and field operations. To minimize compaction, field operations which produce 
high pressures should be restricted to periods when a soil is dry and capable 
of withstanding loads. Reduced weight of equipment combined with selection 
of the lowest feasible tire inflation pressure with wide or double tires is 
important. Controlled traffic paths may also provide an option worth consider
ation. Reduced or minimum tillage has been shown to minimize the compactive 
forces associated with traditional methods. 

Treatments to correct problems related to compaction are somewhat limited. 
Deep tillage with chisels or subsoilers are of some value in fine-textured 
soils and in some cases of temporary value in sandy soils if soil water contents 
are such that the consistency of the soil allows for a shattering of the soil. 
Un~ortunately, deep tillage may also produce a pan below the depth of tillage 
WhlCh can be extremely difficult to remove. Evidence from various soil condi
tions and climates suggest that correction of negative effects of compaction 
?ccur only very s.lowly with time, if at all, making prevention of compaction 
1 mportant. 

~esearch d~sign~d to study ~he ~enefits of new techniques to correct 
genetlc com~actlon wldely found ln Mlssouri soils is currently being considered. 
These technl~~es woul~ allow for modification of the soil profile mixing 
compacted horlzons uSlng PTO-powered giant plows that would turn the soil to a 
d~pth of 30". These techni ques may a 11 ow for correcti on of agronomi c compac
tlon problems. 
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DEEP TILLAGE--DOES IT PAY IN MISSOURI? 

Don Pfost and Steve Borgelt, Department of Agricultural Engineering 
Don Day and Jean Gatzmeyer, Agricultural Engineering Specialists 

Some states have reported dramatic yield increases from using subsoilers 
and rippers to break up hardpans for better root penetration. 

Missouri has claypans, fragipans and hardpans which restrict movement of 
air and water. Purdue Ag Engi neers found that subsoil i ng 14" deep requi res 
approximately 13% more energy than plowing 8" deep. Can we justify using deep 
plowing or ripping to modify the soil profile and to shatter restrictive soil 
layers in Missouri? 

If so, under what conditions and with what kinds of equipment might deep 
tillage be profitable? 

Most research in this region has not shown economic benefits from deep 
tillage, such as subsoiling or plowing more than 8" deep. However, selected 
soils may respond to profile modification. UMC soil scientists obtained a 
24% increase in yield with soybeans on a Twomile silt loam (white buckshot) 
soil when lime was mixed 40" deep into the soil profile. 

Some farmers have plowed river bottom soils 4' to 5' deep to invert a 
layer of sand deposited by floods and produce a highly productive soil profile. 

UMC soil scientists theorize that the level Putnam soils might be improved 
by mixing the top 20" of the profile and installing closely-spaced drain tile 
at the 20" level which could also be used for subterranean irrigation and 
fertigation. 
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DISCUSSION 

CONSERVATION TOUR: UNIVERSAL SOIL LOSS EQUATION 

John R. McCarthy and James L. Robinson 
USDA, Soil Conservation Service 

Uncontrolled erosion will restrict our ability to produce food for a 
growing national and world ~opulation. Mis~ouri ranks second.among all. 
states in the Nation as hav1ng the most ser10US cropland erOS10n rates wlth 
an average of 13 tons per acre. That's an estimated erosion rate for row 
crops grown in Missouri on slopes in excess of two percent (2%). We have 
approximately 15 million acres of cropland in Missouri. 

Keeping crop residues on the surface can generally reduce erosion rates 
by 40-60% depending on field topography. Reduced or no-tillage is needed to 
keep residues on the surface. Use of chemical weed control becomes a necessity 
for successful reduced tillage systems. 

Sheet and rill erosion rates for specific fields can be measured by the 
Universal Soil Loss Equation: A = RK(LS)CP. The formula does not predict 
losses from gullies. 

A = Tons of soil loss per acre per year and varies from site to site. 

R = Rainfall factor and is constant for any field. In Columbia, we 
use a factor of 225. Northern Missouri has a factor of 200 
and southern Missouri is 250. 

K = Erodibility factor for the soil. This is constant for any given 
site and generally ranges between .24 and .43. The deeper 
prairie loam soils are .28 and heavy clays will be .43. 

(LS)= Th~ relationship between slope length and percent of slope. 
ThlS factor can be altered by the farmer usually by terracing. 

C = Crop management factor and is controlled by the farmer. It is 
affected by cropping practices, number and times of tillage 
(fall being worse than spring) and the amount of residue retained 
on the surface of the land. Continuous fall plowed soybeans has 
a factor of 0.55 and represents the worst erosion condition in 
Missouri. 

P = Practice factor--provides special credit for conservation 
pract~ces and ~pplies to terraces, contouring, and strip
cropplng. It 15 affected by landowner decisions. Factors 
vary from .25 to 1.0. 
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Using the equation, the soil loss can be predicted for any existing or 
planned field condition. 

Landowners need to be aware of the factors which reduce or accentuate 
eros i on. They need to be alert to the conditi ons under thei r contra 1. Thi s 
should lead to an orderly process of developing the management needed to 
control erosion and to relate this to the cost-benefit ratios of each manage
ment decision. 

For example, on relatively flat lands, it will be possible to raise more 
intensive crops if contour farming is used in conjunction with reduced tillage. 
If the reduced tillage option cannot be used, it may be necessary to establish 
terraces, for example, to control erosion. 

It seems prudent for landowners to weigh every management technique 
available to them, such as reduced tillage, delaying tillage until spring, 
including more crops in the rotation. Normally, these types of adjustments 
will save the most soil at the least cost. Management practices will often 
need to be coupled with other practices, such as terraces, contouring, etc., 
to protect a farmer's most valuable resource--soil. 

Erosion rates which degrade the productive capacity of soil will not be 
detected by visual observations. For example, a rate of 15 tons per acre 
per year will erode approximately 1/8 inch of soil per year. The IS-ton 
rate is four times more erosion than is considered "acceptable" for most 
soils and eight times above the acceptable rate for very shallow soils. 

Professional assistance is available in every county in Missouri to 
assist with determining existing soil losses and helping to plan systems 
designed to reduce soil losses to acceptable levels. Contact your local 
Extension or Soil and Water District office. 

7 



NO-TILL PLANTER DEMONSTRATION 
11:00 A.M. and 2:30 P.M. DAILY 

Don Pfost, Department of Agricultural Engineering 
Zane Helsel and C. John Poehlmann, Department of Agronomy 

THE DEMONSTRATION 

Although the concept of no-till planting is not new, ther~ is still a lot 
of information that is developing on successful cultural practlces. One recommen
dation is that only four pieces of equipment are needed: a sprayer; a moderate 
sized tractor; a planter; and a combine. Combines have been displayed at past 
Agronomy Days and information on sprayers is available at the Mo-Ag segment of 
the Expo. 

The intention of the No-Till Planter Demonstration is to provide a common 
setting where Expo visitors can see most of the no-till planters available in 
Missouri. Demonstrations will include field operation of these planters after 
mechanisms that make each planter unique are identified. Be advised that this 
is a demonstration and is not research. 

WHAT TO LOOK FOR 

Some characteristics of planters are easily identified, e.g., mounted or 
pUll-type, widths available or row widths. Other features should be examined 
that are not so evident: 

1. How much weight is available per coulter to slice through trash 
and dry soil? 

2. How the depth of seed placement is regulated--a consideration very 
important in planting. 

3. What drives the planting mechanism--will it avoid skips due to uneven 
ground? 

4. 

5. 

Does the seed metering mechanism do the job? and 

What optional equipment is available? 

Diffe;:~~r:~if:c~~~~/~)~ted~nh particul~r emphasis on your farming program. 
press wheels Wh' ave, 1 erent requlrements for coulters, openers and 
that you gro~? I~nt~elec~~ng a p~anter, can it accurately seed all the crops 
fert 'l' ? F' ~ op lon avallable as a factory "bolt on" to apply 

1 lZer, or varYl ng conditi f th ' available of press wheel tons 0, e S01~ and trash, is a selection 
tractors and combine can ~~~s ,an~.~eSlg~S? ~lnally, with your size of farm, 
finance programs and'dealer se~~~c~)~ prlce dlfferentials (as affected by 
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OBJECTIVES 

1. Provide a common setting where Agri-Tech visitors can view differences in 
planters. 

2. Encourage the concept of no-till seeding as a soil conservation measure. 

3. Provide no-till information regarding cultural practices and critical 
aspects of planter performance. 

WHAT WILL THE DEMONSTRATION SHOW? 

Basically, optimum planting is dependent upon 1) the skill of the operator, 
2) the conditions of the field, and 3) the design of the machine (possibly a 
4th factor would be luck). This demonstration will show differences in planter 
design and will provide information in this regard on a summary sheet. No 
endorsement is made or implied for any of the units being demonstrated. 
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FARM POLICY AND FARM INCOME IN THE 1980 l S 

Abner Womack, Stanley Johnson, Ronald Plain, and 
Robert Young, Department of Agricultural Economics 

The Agricultural Economics Department at the University of Missouri has 
developed a model of the U.S. Agricultural Industry that is designed to provide 
market outlook information. This model contains equations that represent key 
components of the U.S. feed grain livestock industry. For example, equations 
in the crops model are designed to estimate the amount of land that will be 
planted to corn, soybeans and wheat in the U.S. Demand equations have been 
developed to indicate the amount of grain that will be used in the feed, food, 
exports, commercial stock and government reserve categories. Interaction of 
this supply and demand system produces expected prices for farm production. 

A similar system has been designed to replicate major production and 
demand decisions associated with the production and marketing of beef, pork 
and poultry. 

How can you as a farmer or agribusinessman obtain this information? 
There are several ways. First, projections from the model are used in a 
quarterly radio outlook conference sponsored by the University of Missouri IS 

department of agricultural economics. A radio program is conducted through 
state extension offices that focuses on the current market outlook for crops 
and livestock. Projections from the model and opinions of marketing 
specialists at the University of Missouri-Columbia are blended to give our 
opinion of future supply, demand and prices of agricultural products. Also, 
this model is currently designed to produce longer outlooks of up to 10 years 
to assist farmers and farm groups regarding longer term investment, marketing, 
production and other decisions pertinent to the overall farming activity. In 
addition, this econometric model is continuously used to monitor changes and 
modification in the government operation of the farm program. Specifically, 
the system is designed to measure impacts on farm prices associated with 
changes in government export policies, shifts in farmer held reserve activity 
and overall participation in government programs. 

This presentation contains three posters that depict these major 
ac~ivi~ies. Also, ~ Radio,Shack computer has been programmed to demonstrate 
prlce lmpacts ~ssoclated wlth changes in production, exports, farmer reserves 
and movements ln the livestock sector. 
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SELECTING A COMPUTER FOR THE FARM 

Norlin A. Hein, Department of Agricultural Economics 

Today, some 50 to 100 Missouri farmers own their own computers. This 
number is likely to expand very rapidly in the next few years. 

We have used computers in agriculture for many years but it has not 
been until the advent of the microcomputer that it was feasible for an 
individual farm operator to use his own computer. Computers are one of 
the few technological developments that enable us to improve our management 
ability. Although we1ve mechanized in other areas, we1re still doing much 
of our record keeping and planning in a very cumbersome way by hand. 

I. UNDERSTANDING THE COMPUTER 

Computers involve two major items: hardware and software. Hardware 
consists of those components that you can see and touch. These are the 
electronic and mechanical parts of the computer. Software consists of the 
instructions that tell the computer what to do and how to do the calculations. 
For nearly every purpose, these programs must be very specifically written. 

II. BASIC COMPUTER COMPONENTS 

All computers have four major components. The functions of these 
components are input, processing, output and storage. A brief look at 
basic components includes: 

INPUT 

A keyboard similar to that on a typewriter is the most common input 
device on a farm computer. 

OUTPUT 

CRT. The most common output device is a display screen, much like that 
on a television set, called a cathode ray tube (CRT) or monitor. 

Printer. For most business-type applications a printer is a necessity. 
Although you could copy information from the screen with pencil and paper, 
this is a lot of work and drudgery and would defeat the purpose of having a 
computer. 
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CENTRAL PROCESSING UNIT 

The central processing unit performs the calculations and does the 
processing. The central processing unit consists of a microprocessor chip 
and temporary memory. Memory is measured in terms of II K" or thousands of 
characters. For example, a 32 K has a memory capacity of 32,000 characters. 

STORAGE DEVICES 

When the computer is turned off, all the information stored in temporary 
memory disappears. Therefore, data and programs are placed in permanent storage 

Floppy disks. Most farm business computers use a disk drive and floppy 
disks for storage. These are either 5~ or 8-inch diameter circles of plastic, 
similar to a phonograph record, coated with magnetic material. 

Cassette-type tape. These are similar to audio tapes. Although the cost 
of storing data on a tape is much less than disk drive, they are not well 
adapted to business applications. Disks are much faster in locating specific 
items of information. 

III. FARM COMPUTER USES 

FINANCIAL RECORDS 

Nearly all studies indicate that a financial record system is the first 
priority for most farmers looking at computer applications. Most have found 
that they require a record system written specifically for the farm. More 
and more of these types of programs are becoming available. 

PRODUCTION RECORDS 

Many farmers will want to keep more detailed information on fields, 
crops, cow herds, or farrowing units. Computers offer the opportunity 
to keep rather detailed records and receive timely reports. 

BUDGETING AND PLANNING 

Comparing and selecting between alternatives--whether it would be between 
selecting between crops, between different types of machinery--is often done 
intuitively. A computer makes it easier to compare many alternative plans, 
budgets and prices. A computer is much easier to ask "what if II questions. 

Doing cash-flow planning by hand is a tedious and time-consuming task. 
An electronic worksheet program could easily be adapted to make cash-flow 
projections much easier. 

HOME OFFICE USES 

Computers are used in writing letters, as an educational tool, and in 
keeping home records. 
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IV. ADAPTING A COMPUTER 

How does one go about buying a computer for a farm business? We think 
there are five major steps to consider. 

1. LEARN ABOUT COMPUTERS 

This is a new technology so it is important to understand how computers 
operate, their potential and their limitations . More seminars and short 
courses where one can learn more about computers are being conducted. Bulletins 
and pamphlets are increasingly appearing on the market. Dealers themselves are 
a source of information--but should not be your only source. Also check other 
farmers and neighbors to find out how they use a computer on their farm. 

2. DECIDE ON APPLICATIONS 

Probably the key job in adapting a computer to a farm operation is to 
decide exactly what you want it to do for you. You need to decide exactly 
what type of records, reports, or information you want to obtain by computer. 

3. SELECT SOFTWARE 

Once you decide what you want the computer to do, then you can look for 
computer software that wi 11 produce thi s i nformati on. IISoftware ll is programs 
that tell the computer exactly how to solve the problem. 

4. SELECT HARDWARE 

After you've found suitable software, then look for hardware that will 
run these programs. Not all computer programs will run on all computers. 
So be careful to match computer software and hardware. 

5. SELECT HARDWARE AND SOFTWARE VENDORS 

Selecting a computer hardware and software vendor is like selecting a 
machinery dealer. You will want one who knows your problems, who will be 
around to answer questions and will provide the services you will need. 

V. COMPUTERS IN THE FUTURE 

Computers will continue to evolve. We don't know exactly how, but we 
do know that farmers will rapidly adopt this exciting future to their 
operations. 
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MARKET INFORMATION OF THE FUTURE 

Francis McCamley, Glenn Grimes, Bruce Bullock and Richard Rudel 
Department of Agricultural Economics 

Both the market information available to producers and the number of 
ways it can be obtained have changed dramatically. These changes and 
their applications for producers will be discussed. Ways in which producers 
can prepare to use this information in making marketing and production 
decisions will be suggested: 

• What is Market Information? 1) Reported market prices, and 2) Graphical 
presentation of historical prices. 

• Sources of Market Information: 1) Traditional: a) Newspapers, and 
b) Market reports; and 2) Future: a) Charting services, and b) On-line 
computer systems. 

• Learning to Use New Sources of Market Information . 
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TRASH FOR CASH: 
LOOKING AT THE ECONOMICS OF CONSERVATION TILLAGE 

Donald Osburn, Department of Agricultural Economics 

Will conservation payoff for you? This stop deals with the costs, 
benefits and risks associated with conservation tillage. 

More effective herbicides, improved machinery (primarily planting 
equipment), and higher fuel prices may make reduced tillage feasible for 
more farmers. Reduced costs are often cited as advantages of reduced 
tillage; however, minimizing soil losses should also be taken into account. 

Machinery costs in comparison with conventional tillage were reduced 
by about $18 per acre with minimum tillage, and other costs were increased 
by approximately $4 per acre. With no-till, machinery costs were lowered 
by $26 per acre, but other variable expenses (primarily chemical) increased 
about $15 per acre. Reduction of these major expense items can lead to 
substantial reduction in net crop costs per acre. Soil erosion, although 
not a direct expense, can be greatly diminished. Investigations show soil 
losses to be reduced by over 50% by minimum tillage practices. 

Particular attention was devoted to the costs and yield variability 
associated with no-till, minimum till, and conventional tillage operations. 
In addition, reduced tillage is often the least costly means of reducing 
soil erosion. Additional measures may be necessary, particularly on steeper 
slopes, to reduce erosion to a level where the long term production capacity 
of the soil is maintained. Soil erosion will likely take on increased 
importance in tillage decisions made by farmers in the future. Some states 
have enacted laws specifying maximum soil erosion losses. In short, What 
is it? How does it work? and Will it work for me? 
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FOUR-WHEELER TRACTORS MEAN FASTER PLANTING, CHEAPER LABOR 

Myron Bennett and Carrol L. Kirtley 
Extension Economists, Farm Management 

b th kl'nd of tractor he owns, if a You can tell a lot about a farmer y e 
recent Missouri study is any indication. 

'1 of a four-wheel drive tractor: The study showed that a typlca owner 

--Farmed nearly twice as much land as his neighbor. 

--Probably was "Overpowered" in terms of horsepower per acre farmed, 

--Managed to keep labor and machinery costs under control, but had higher 
production costs. 

--Bought the tractor because it helped him to work faster and more 
comfortably. 

Findings were part of the mail-in records (MIR) st~d~ condu~ted of 
14 farmers who owned four-wheel drive tractors and partlclpated In the MIR 
program in 1979-80. They were compared to 42 selected crop farmers with 
similar operations in the same areas of the state. 

Findings showed the farmers with four-wheel drive tractors farmed an 
average of 1,400 acres of cropland, compared to an 800-acre average for the 
42 others. 

The average number of acres farmed per engine of horsepower allocated 
to crop production was 1.96 for those owning a four-wheel drive vehicle. 
A rule of thumb was that grain farmers should have one horsepower for three 
acres of crops. 

Based on this guide, these 14 farmers are overpowered. Yet their labor 
and machinery costs per acre are not higher than average costs reported by 
other crop farmers who are participating in the Mail-In Record program. 

In addition to their four-wheel drive tractors, the farmers also own 
2.9 other tractors. The farm management specialists said some of these other 
tractors,a~e older models that are completely depreciated out but are kept 
for speclflc uses such as spraying, applying fertilizer, and so on. 

Four-wheel drive tractors are basically used for tillage. 
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The owners bought the four-wheel drive tractors to substitute for labor, 
respondents said. They made the substitution without increasing their 
labor and machinery costs per cropland acre. 

Their labor and machinery charge per cropland acre was $2 less than the 
42 crop farmers ($89 compared to $91) in 1980, but $5 higher ($82 compared to 
$77) in 1979. 

The startling difference is that the average production costs were 
$10 to $15 per acre higher for farmers having four-wheel drive tractors. 

Si nce tota 1 1 abor and machi nery cos ts were about the same, the di fference 
was due to higher costs of fertilizer, chemicals, seed, cash interest paid, 
personal taxes, insurance, building repairs, etc. 

Owners gave these reasons for buying four-wheel drive tractors: IIget all 
work done faster," "faster planting in the spring," "cheaper horsepower," 
"labor savings," "other neighbors ' experience,1I "needed investment credit,1I 
and "bought for the same price as two-wheel drive tractors." 

They also said the four-wheel drive tractors "don't pack soil ll (11 of the 
15 tractors had dual wheels), IIcan get through wet spots,1I "more comfortable,1I 
IIcan get jobs done on a more timely basi s, II and "can farm more land. II 

OBSERVATIONS FROM TABLE 

Value of crop production per acre was no higher than MIR crop farmers 
who did not own four-wheel drive tractors. 

Because of their size, the operator's taxable income was higher than 
farmers without the large tractors in good years and less in adverse years 
like 1980. 

In 1981 these farm operators were each farming an average of 1401 acres. 
This is an 18% increase over the 1190 acres they were farming the year they 
bought their four-wheel drive. These farmers estimated they needed to farm 
1060 acres to justify owning large tractors. 

Four-wheel drive tractors are basically used for tillage. The most 
popular equipment purchased were field cultivators, disks, and chisel plows. 
Other equipment reported owned were rippers and subsoilers, plows, plow-disks, 
dozer blades, do-all and rollers. 

The startling difference is found on Line 8. The average production costs 
were $10 to $15 per acre higher on farms having four-wheel drive tractors. 
Since total labor and machinery costs were about the same, this difference 
was due to higher cost fertilizer, chemicals, seed, cash interest paid, and 
other cash miscellaneous costs such as personal taxes, insurance, building 
repairs, etc. 
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TABLE 1 
COMPARISON OF MAIL-IN RECORD CROP FARMS WITH 

AND WITHOUT FOUR-WHEEL DRIVE TRACTORS 

1979 
With With 

1980 
With With 

conventional 4-whee1 conventional 4-wheel 
tractors drives tractors drives 

Number of farms 42 14 42 14 

Acres of cropland 812 1,495 798 1,546 

Machinery investment per acre: 

Cost basis $ 182 $ 191 $ 199 $ 201 

Book value 1981 105 111 105 104 

Machinery depreciation per acre 18 20 21 23 

Labor charge per acre cropland 23 23 28 23 

Machinery charge per acre cropland 54 59 63 66 

Total labor and machinery charge 
per acre cropland 77 82 91 89 

Average production costs per acre 121 133 142 158 

Value of production per acre 244 248 213 208 

Percent return to capital and 
management 10.8 10.9 5.8 5.4 

Operator's approximate taxable 
income $43,762 $57,377 $37,453 $30,562 

Operator's machinery and 
equipment purchases $29,080 $54,565 $18,655 $31,901 

The percent return to capital and management was essentially the same in 
1979 for both groups (Line 10). In 1980, the farmers having four-wheel drive 
tractors,had .4% less return to capital than the crop farmers without four
wheel drlve tractors . The smaller return in 1980 was due to lower value of 
production (Line 9) and higher production costs (Line 8) per cropland acre 
on farms having the large tractors. 
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SOYBEANS 

NARROW ROWS FOR SOYBEANS, CORN, AND GRAIN SORGHUM 

Zane R. Helsel, Marion Gentry, and Harry Minor 
Department of Agronomy 

Researchers checked for differences in yield response from growing 
soybean varieties in narrow and wide rows. About 60 varieties were planted 
in 30" and 10" rows in 1980, 1981, and 1982 at four 1 ocati ons. 

Yields were not improved in narrow rows in 1980. In 1981, yield increases 
of 5.1 bulA at Columbia, 1.2 bulA at Marshall, 0.7 bulA at Novelty, and 3.2 bulA 
at Portageville resulted from growing soybeans in 1011 rows vs. 30 11 rows. Over
all, there was no significant difference in yield response between individual 
varieties grown in wide vs. narrow rows. That is to say, those varieties that 
were the best yielders in wide rows were the best yielders in narrow rows. To 
date, data from Missouri and other Midwest states would suggest that if 
information is not available from narrow row trials, choosing the best varieties 
from wide row trials should result in the selection of good varieties for narrow 
rows. It should be noted, however, that determinate semi-dwarf and semi
determinate varieties show a significant response to narrow rows in high yield 
environments and should only be grown as such. For example, Springe, a semi
dwarf, yielded 59 bulA, whereas Williams 79 yielded 50 bulA in a high yield 
environment at Fairfax, Missouri in 1981. 

Complete results of these row spacing studies can be found in "Soybeans--
1981, Missouri Crop Performance--Special Report #277 ," which can be obtained 
from all County Extension Offices. These studies were made possible by a grant 
from the Missouri Soybean Merchandising Council (farmers who administer your 
check-off dollars). This Council also funded a Mid-Missouri narrow row study 
that yielded conclusions similar to those above. 

CORN 

Earlier trials with corn grown at several locations across Missouri showed 
a yi e 1 d advantage for 30" rows over 40 11 rows and for 20" rows over 30 11 rows in 
most situations. Results of these experiments can be obtained in MU Guide #4410, 
"Corn Planting Rates and Row Spacing in Missouri.11 

GRAIN SORGHUM 

Trials in the early 1970 l s indicated that grain sorghum produced greater 
yields as row widths went from 35" down to ]1'. MU Guide #4347, IIGrain Sorghum 
Production in Missouri ," reviews the specific results of this research. 
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NITROGEN 

FERTILIZING FOR CONSERVATION TILLAGE 

Daryl D. Buchholz, State Soil Fertility Specialist 
Gary D. Hoette, Area Extension Agronomist 

Major questions about nitrogen use on conservation tillage involve nitrogen 
rates, effect of residue on nitrogen efficiency, and nitrogen sources--surface 
application or injection. 

Increased residue remaining on the soil surface does appear to affect the 
optimum nitrogen rate used for surface broadcast application. Nitrogen is tied 
up by the soil microorganisms as they break down the surface residue. At present, 
it appears that nitrogen rates should be increased 10 to 15% in conservation 
tillage corn production when the nitrogen is applied to the surface of the soil. 
Nitrogen applied below the surface residue, such as knifing anhydrous ammonia, 
has usually given the best nitrogen efficiency in conservation tillage. Placement 
of nitrogen below the crop residue should not require increased nitrogen rates 
in conservation tillage as compared to conventional tillage. 

PHOSPHORUS AND POTASSIUM 

Phosphorus fertilizer placement has not been shown to be any more important 
in conservation tillage than conventional tillage. Band applications of phospho
rus can increase efficiency and allow for reduced phosphorus rates. In weed and 
feed programs, liquid phosphorus mixed with Paraquat or Roundup should be avoided 
due to settling out of material and possible inactivation of the herbicide. 

Potassium availability may be reduced in conservation tillage due to wetter, 
denser soil. Potassium availability has been shown to be reduced by as much as 
70% due to low soil oxygen in wet, dense soils. Following a soil test recommen
dation to insure adequate potassium is very important to conservation tillage 
for corn or soybeans. 

SOIL ACIDITY 

Remember that reduced tillage means reduced mixing of the soil. Surface 
soil may become acid more rapidly due to surface nitrogen applications. Sampling 
the top two to three inches of soil for pH after three to four years of conser
vation tillage is advisable. More frequent lime application at lower rates may 
be necessary to avoid acidity problems. Herbicide failure may result from very 
acid surface soil. 
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FERTILIZING DOUBLE CROPPED SOYBEANS 

J.R. Brown and U.U. Alexander, Department of Agronomy 

In Missouri timing is very critical when soybeans are double cropped 
with another crop. In most cases, the first crop is winter wheat which 
usually is harvested after the optimum time for soybean planting. There
fore, any management practice which saves time at soybean planting should 
have desirable effects of yield potential. 

Missouri fertilizer recommendations for double cropped wheat and soybeans 
call for applying the necessary P and K for both crops at the time the soil is 
fertilized for wheat. This recommendation is made principally for a savings 
in time by eliminating the fertilization step so the soybeans may be planted 
as soon as the winter wheat is harvested. 

There are some assumptions behind this practice which are based on 
observations and scientific fact. In most soils P and K fertilizer will 
revert to a less available form. However, this reversion occurs over a 
period of time--up to 18 months. Thus, the P and K applied at wheat seeding 
time will be partially available eight to ten months later. The rate of 
reversion is slowed in the cold winter. By combining the wheat and soybean 
recommendations this availability is assured. Table 1 illustrates this for P. 

Table 1: Phosphate Recommendations for Full Season and Double Cropped 
Wheat and Soybeans 

DOUBLE CROPPED 
WHEAT SOYBEANS WHEAT - SOYBEANS* 

Soil Test Yi el d Goa 1 bu/A Yield Goal 'oo/A Y i e 1 d Go a 1 bu / A 
1bs P2Os/A 40 80 30 60 40 70 

1 bs P2 Os / A 
20 15O 17O 150 175 165 190 
80 75 100 80 105 95 120 

140 30 55 30 55 50 75 

* The y; el d goal is for wheat.; a soybean yi e1 d of 30 bu/A is assumed. Add 

10 lbs P20S/A if the soybeans are to be irrigated. 
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Recommendations for K are given in Table 2. The assumption for 30 bushels 
of soybeans is made to simplify entry into the computerized program. As with 
all such recommendations, local experience may result in modifications. 

These recommendations assume a slow build-up to an optimum level. The 
double crop recommendations consider this slow build-up plus the removal of 
P or K by the two crops in one year. 

Table 2: Potassium Recommendations for Full Season and Doubl e Cropped 
Wheat and Soybeans (Cation Exchange Capacity = 16 meq/lOOg) 

DOUBLE C-ROPPED 
WHEAT SOYBEANS WHEAT - SOYBEANS* 

Soil Test Yield Goal bulA Yield Goal bu/A Yield Goal bulA 
lbs KIA 40 80 30 60 40 70 

1 bs K2 0/A 

100 150 165 180 225 190 205 

150 110 120 140 180 1 50 160 

200 70 85 104 145 110 125 

* T he y i e 1 d go a 1 is for wheat; a soybea n yie1 d of 30 bulA is assumed. Add 

15 1bs K20/A if the soybeans are to be irrigated. 
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WHEAT VARIETY PERFORMANCE 

Dale Sechler and Paul Rowoth, Department of Agronomy 

Environmentally, 1982 was not a good wheat year. Very low temperatures in 
mid-winter accompanied by high winds and dessication resulted in severe stand 
loss where snowcover wasn't present. Wheat was about 2 weeks later in heading 
than in 1981. Excessive soil moisture in late fall and winter enhanced crown 
and root rot problems. Heavy leaf rust built up in the Gulf states resulted in 
showers of rust spores being blown in to infect the Missouri crop. Continual 
rains during heading and early grain fill contributed to the buildup of several 
foliar (rust, mildew, Septoria) and head (scab, smut, Septoria) diseases. These 
problems are reflected in the ultimate grain yield and quality. Hessian fly in
festations resulted in considerable straw breakage and lodging. Heavy blowing 
rains and hail in some areas accentuated the lodging problem. 

Wheat varieties are currently being evaluated at 7 locations in Missouri 
(Spickard, Novelty, Columbia, Lamar, Mt. Vernon, Dexter, Portageville). 
Varieties and advanced experimental lines developed at State Experiment Stations 
as well as by private companies are included. Results from the most recent 
wheat variety trials in Missouri are available about August 1 each year at the 
local county extension offices. The University of Missouri publishes comparative 
data collected without recommending varieties. 

To obtain an improved estimate of relative performance of varieties being 
considered, data from as many trials and as many years as possible should be 
included. Weather conditions, nutrient release, pest problems, etc. vary widely 
from year to year at anyone location. Varieties are evaluated in small, repli
cated plots at each location to allow as much environmental interaction as 
possible to be accounted for via statistical techniques. 

In comparing varieties, relative grain yield is normally the first consid
eration and often reflects many other qualities. Grain guality (test weight, 
seed size, color, texture, etc.) may be major considerations also since they 
determine acceptability (and ultimately price) at the market place. To be 
marketed the grain must be harvestable, making factors such as lodging, plant 
height, shattering, etc. important concerns. Earliness of maturity and 
rapidity of drydown in the field may be vital in a double cropping system. 
Winter survival may be the first concern during a cold winter. Pest resistance 
is extremely important in minimizing losses in yield and quality as well as 
reducing harvesting problems. Resistance to pests tends to stabilize produc
tion over years since pest problems vary tremendously and losses are reduced 
during years when pests are severe. During most years crown rot, Septoria, 
mildew and Hessian fly can be found. Leaf rust, smut, scab and barley yellow 
dwarf are also relatively common pest problems. 
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ALFALFA: A MISSOURI WINNER FOR BOTH PROFITS AND CONSERVATION 

V.E. Jacobs, Department of Agricultural Economics 

Missouri farmers face a cruel dilemma in their choices between erosive 
crops with high current profitability and soil conserving crops with quite 
low economic returns. Table 1 demonstrates that alfalfa offers a unique 
solution for many rolling but productive Missouri uplands. While its demon
strated 7-year return per acre is second only to soybeans on the farllls of 
the Missouri MIR (Mail-In Record) participants ($52 vs. $88), it is unique 
in being the only solid seeded perennial offering returns comparable to 
annual grain crops. When these per acre net returns are compared with 
estimated soil losses (5% slope and 200 foot slopes), alfalfa is seen to be 
a hands-down winner. Its net per acre return per ton of estimated soil loss 
($13 to $26) is 4 to 5 times that of its nearest competitor (soybeans)! 

Table 1. Comparative N~t Returns and Soil Loss~s for Sc10ctcd 
Missouri Crops 

Est:i.m;} t~d 

Per acre annunl soil 
net 1 loss in tons 

____ ..;..Cr::...;o;;.Jp~ _____ _=:..re=.:· t:..;u::;r:..:.n=--. ___ ....JPer n c rc2 __ _ 

Nct return 
per ton of 
soil lO~:;8 

Annuals: 
Soybeans 
Corn silage 
Corn 
Grain sorghum 
\-Theat 

$88 
$42 
$31 
$37 
$42 

14 to 35 tons 
14 to 30 tons 
13 to 2S tons 
13 to 25 tons 

8 to 13 tons 

$3 to $6 
$1 to $3 
$1 to $2 

$1~ to $3 
$3 to $5 

Perennials: 

1 

Alfalfa hay 
Mixed hay 
Grass & other hay 
Permanent pasture 

$52 
$3 

(-$12) 
$3 

2 to i j tons 
1 to 2 tons 
1 to 2 tons 

1 ton 

$13 to $26 
$1~ to $3-
Negative 

$3 

Seven-year averages of :Missouri Hail-In Reco'-d (l>'lIR) . ... - crop cnterpr:J_se 
2 analyses. (Return above all costs EXCEPT interest on land value.) 

Per acre per year estimated soil losses for Y~ssouri land with 5% 
slope and 200 foot slopes. 
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ALFALFA FOR BEEF COWS? 

A common objection to more alfalfa in a state with 2.2 million beef cows 
is that it1s IItoo good ll for a beef cow. This objection ignores several 
important relationships: 

II Despite its higher per acre cost, alfalfa hay has shown the lowest 
cost per ton (see Table 2). Even when credited with only the same 
price per ton as other hays, it still leads in profitability among 
alternative hay crops because of its higher yield and lower cost 
per ton. So Ilwho cares ll that beef cows can do on less! 

II Farm profitability starts with optimal land use. Failure to fully 
use land capabilities places the business at a severe disadvantage. 

II Increased backgrounding of young feeder cattle represents an ideal 
complement or companion enterprise for the higher forage quality of 
alfalfa. The combination of more backgrounding and more alfalfa 
offers opportunities for expanding income on many beef cow opera
tions--where it is often badly needed. 

II Much alfalfa could be fed in place of expensive protein supplements 
with other lower quality forage and crop residues. In this use it 
definitely has a high use-value per ton--even for beef cows. 

Finally, on well-drained, rolling lands adapted to alfalfa, the 
really relevant question is--CAN WE AFFORD NOT TO PRODUCE IT? 

Table 2. Compnr.:Jt ivC:! Tot a l Co s t per Ton of 
Altern a tive Mis souri Hay Types 
(2 yenrs 1979-80) 

Avcr<1gc Total 
Total yield cost 

per acre per per 
costl acre 2 ton Hay type 

Alfalfa $231 3.49 $66 

Mixed 133 1. 75 79 

Clover 133 1. 70 79 

Grass & other 115 1.41 82 

1Based on total allocated costs in MIR accounts, 
1979 and 1980. 

2 Average yields MIR cooperators. 
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FORAGE AND FEED ANALYSIS LABORATORY 

Rex E. Ricketts, State Dairy Science Specialist 
Chris Coffman, Livestock Nutrition Services Lab Manager 

The Missouri OHI Federation, through a cooperative agreement with the Univer
sity of Missouri-Columbia, established the "Livestock Nutrition Laboratory 
Services," a forage and feed analysis laboratory. 

Recognizing that Missouri is a major forage-producing state and that forage 
is an important factor in diets of all ruminant farm animals, and that there is 
a tremendous variation in nutrient content of forage, a laboratory offering fast, 
accurate service is imperative to the financial well-being of livestock producers. 

Service is an important part of the lab's operating procedure. A sample 
that comes in on Monday goes out in Tuesday night's mail. The laboratory provides 
canvas sampling bags with plastic liners and, in most instances, samples mailed 
will be returned within 5 to 7 days. 

The laboratory provides chemical analysis on forages and other feedstuffs 
including moisture, crude protein, available protein, adjusted crude protein, and 
energy calculations. It also provides analysis on using acid detergent fiber 
for net energy of lactation, net energy maintenance and net energy gain, heat 
damage using AOFN, TON and pepsin protein available in grains. Mineral analyses 
available are calcium, phosphorus, magnesium, potassium, sodium, sulphur, iron, 
copper, manganese, zinc, aluminum, and ash. 

The laboratory, in cooperation with the University of Missouri, will be 
able to help develop a data bank on the variance of forage nutrients. The 
laboratory was invaluable in a situation which occurred in many parts of the 
Midwest last year where cattle were starving due to the low quality hay that 
was fed to them. 

Information will be presented on the sampling and interpreting of forage 
and feed analysis. In addition, the results can be used in calculating 
protein, mineral and grain needs to supplement forage quality. 

Those involved are Chris Coffman, Manager of the Livestock Nutrition 
Services Lab; Dr. Rex E. Ricketts, State Specialist Dairy Science; 
Dr. Ron~ld Belyea, Assistant Professor, Dairy Science; and D~. Homer Sewell, 
State L1~estock Specialist, Animal Science Department. The laboratory is 
located 1n the second story of the University of Missouri Holstein Farm in 
Columbia, Missouri, and is managed by Chris Coffman Post Office Box #1655' 
the telephone number is (314) 445-4476.' , 
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INFLUENCES OF STAGE OF MATURITY ON HARVESTING FORAGES 

H.N. Wheaton, State Extension Agronomy Specialist 

Overall losses due to late hay making can reach staggering proportions. 
Four sources may contribute to the loss of one-half of the potential feed-value 
of hay. They are: 

1. Late cutting loss in digestibility. 
2. Wilting losses in the swath. 
3. Shattering of leaves. 
4. Storage losses. 

Shattering and wilting losses are always proportionately higher with late 
cut than with early cut forages. Such an economic loss has an important effect 
on the profit of livestock farms. Farmers can and should minimize such losses. 
The place to start is with early cutting of forage crops. 

ALFALFA 

In 1909 some suggested the appearance of new shoots on alfalfa crowns was 
an indication that the plant should be harvested. This was soon changed to a 
physiological basis dependent upon top growth maturity. Actually, the presence 
or absence of shoots on alfalfa crowns is of little value in deciding when to 
cut alfalfa. In dry seasons new shoots do not form until the standing crop is 
harvested while during wet seasons they may begin to form" when the original 
growth is only 6 to 8 inches tall. Stand density will also affect shoot growth 
with thin stands developing new shoots rapidly while in thick stands they are 
delayed or completely absent. There are also varietal differences in how 
quickly new shoots appear on the crowns. 

The maturity of the top growth is associated with storage of organic 
reserve materials in the roots and crowns. These are usually referred to as 
total available carbohydrates (TAC) and the major components are starch, 
sucrose, and reducing sugars. TAC is also referred to as non-structural car
bohydrates. It is the level of these carbohydrates in relation to the plants' 
environment that should determine when forages should be harvested. THE TIMING 
OF HARVEST IS ALWAYS A COMPROMISE BETWEEN QUALITY, QUANTITY, STAND LIFE AND 
PLANT VIGOR. 

The TAC content of alfalfa roots decreases as spring growth begins. 
When the tops produce more food than used for growth, accumulation in the 
root begins and reaches a high level at near full bloom. Following each 
cutting a similar decline and rise in root TAC occurs. 

The importance of having a high reserve content in the roots at time of 
cutting and fall hardening and winter dormancy cannot be overemphasized. 
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Because digestibility and crude protein becomes lower an~ crude fiber 
increases as the alfalfa plant approaches full bloom, co~prom1ses ~ecome 

ssary If the alfalfa plant is free of stress from 1nsects, w1nter 
~~j~ry, disease, and has been well fertilized with phosphate ,and po~ash, 
it can usually be harvested at the bud to,l/~O bloom stage w1thout 111 
effects. But under conditions of stress 1t 1S , be~t ,not to harvest the 
crop before the 1/10 to 1/2 bloom stage to avo1d 1nJury to the plant. 
Many complaints are received concerning early ~arvested a~falfa and subse-
quent poor vigor and lack of production later 1n the gro~lng season. Usu~lly, 
stress conditions prior to early harvest are the underlY1ng factors contr1but1ng 
to the unhealthy condition of the stand. Management of stands suffering from 
severe winter injury usually requires delaying the first harvest until it has 
reached the 1/2 to full bloom stage. 

Height of cutting is not usually considered a vital factor in alfalfa 
production with one or two exceptions. If heaving has slightly raised the 
crowns and the field is mowed so close that the crowns are severed, severe 
stand depletion will result. 

University of Missouri research shows that alfalfa cannot be cut in the 
pre-bud stages with regular harvests every 34 to 45 days thereafter without 
any damage to the alfalfa stand. 

OTHER LEGUMES AND GRASSES 

Red clover, which has a cyclic pattern in TAe similar to alfalfa does 
differ in two major aspects. It should not be harvested until it reaches 
~ to ~ bloom. And it should not be allowed to go into full bloom during the 
early fall of its seedling year. Blooming causes a physiological change in 
the plant which makes it less winter hardy. Alfalfa and trefoil are not 
damaged as is red clover by failure to remove this late summer growth. 

Root reserves and their role in regrowth of grasses is not as important 
as it is with legumes. This is especially true if environmental conditions 
are favorable and if adequate leaf material is left on the crown so that 
photosynthetic activity can begin rapidly. 

Grasses vary widely in their ability to maintain a high level of stored 
food reserves. In general, tall growing species with most of the leaf area 
high,on the ~lant, are most dependent on stored food for recovery. Short 
grow1ng speC1es usually have some leaf areas near the soil surface that are 
not destroyed by close mowing or grazing and therefore are not as dependent 
upon stored food for recovery as the tall growing species. 

Although there is some interchange of order under different conditions 
the gr~ss species,~re usu~l~y ranked in the following order when rated ' 
accord~n~ to s~ver1tY,of 1nJury suffered by close grazing (species with 
least 1nJury llsted f1rst): Kentucky bluegrass, bermudagrass, tall fescue, 
bromegrass, reed canarygrass, timothy and orchardgrass about equal. 
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Orchardgrass should be harvested in the late boot or past bloom stage. 
This is somewhat later than previously recommended, but recent work from 
Tennessee indicates that stands were harmed by harvesting the first cutting 
of orchardgrass too early. 

A phenomena often noted is heavily fertilized grass that is damaged or killed 
by the first cutting. While all the factors causing this are not known, two 
things are important. First, the root reserve of these grasses is lower due 
to the stimulation of growth by the nitrogen. Second, because of the 
excessive top growth there is little or no leaf area left near the base to 
permit adequate photosynthetic production for the plant to regrow and 
replenish root reserves. 

If the plants are not under stress conditions the recommended stages of 
maturity for harvesting the common forage plants in Missouri are: 

alfalfa - bud to 1/10 bloom 
red clover - 1/4 to 1/2 bloom 
timothy - late boot 
bromegrass - heads emerged 
orcha~dgrass - past bloom 
reed canarygrass - heads emerged 
tall fescue - boot stage 

The major management factor affecting rapidity of regrowth, vigor, and 
stand life of grasses is height of cutting. A minimum of a 4-inch stubble 
should be left for the tall grasses and 2 inches for the short growing species 
for best results. 
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NO-TILL LEGUME ESTABLISHMENT 

J.R. Gerrish, Forage Systems Research Center 

The introduction of legumes into grass d?minant pa~tures is an effective 
means of improving both productivity and qual1ty of ava1lable fora~e. Alfalfa, 
birdsfoot trefoil, red and white clover are all adapted legumes.wh1ch ~re com- . 
patible with most cool season pasture grasses and can be estab11shed w1th no-t11l 
methods. 

A wi de vari ety of seedi ng methods qual i fy. as 1.lno-ti 1111 tec~ni qu~s . The 
simplest and least expensive means of overseed1ng 1S frost seed1ng wlth a broad 
cast spreader. In most areas of Missouri, seedings made between early February 
and mid-March are most successful. This method is most useful for red and white 
clover due to the greater seedling vigor of these species. Overseeding 4-6 1bs. 
of red clover annually will usually result in better production than a higher 
rate seeded every 2 or 3 years. At the Forage Systems Research Center this 
method is successful in about 65-70% of our overseeded pastures each year, 
resulting in at least 50% clover stands in tall fescue, orchardgrass and 
smooth brome pastures. 

For establishment of alfalfa or birdsfoot trefoil one of the following 
methods is preferred. Under favorable sod and soil conditions, a conventional 
grain drill with grass attachment will do a good job of legume establishment. 
The sod must be closely grazed and soil moisture just enough to allow soil to 
crumble as the opener passes through for most conventional drills to work. 
Currently several no-till drills, both multi crop and forage types, are available. 
The major drawback to these machines is the initial cost and higher operating 
costs than frost seedi ng. The advantages are that dri 11 s are generally more 
reliable than frost seeding and may result in a more uniform stand; seedings can 
generally be made later in the spring than broadcast methods, and sod-bound 
pastures are opened up to a certain extent by the disk openers. 

For any of these methods to be successful they must be combined with 
proper cattle and/or ~ay managemen~. It is critical that pastures be grazed 
off short the preceedlng fall or wlnter and early spring grass growth be kept 
under.control. Cat~le should be removed from newly seeded pastures when 
seedl1ngs sh?w grazlng damage. Rotational grazing will greatly increase 
stand longevlty. 

m In _mo~t situations.the companion grass can be controlled by good cattle 
an~gement, but when thlS is not practical there are chemical suppressants 

~va1 ~ ab 1 e .. At present Paraquat and Roundup are ; 1 abe 11 ed for pasture renovati on 
ln M1ssoun. 
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SUMMARY 

There are methods available for no-till establishment of legumes in grass 
pastures. Red and white clover are the easiest to establish and best adapted 
to frost seeding. To insure establishment of alfalfa and birdsfoot trefoil 
either a conventional grain drill with grass attachment or a no-till drill is 
preferred. In any case, proper cattle management is essential for successful 
overseedings. 
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FACTORS AFFECTING NITROGEN FIXATION 

C.J. Nelson and D.G. Blevins, Department of Agronomy 

Although nodules were first recognized on legume plants in the 1500 1 s, their 
exact function of nitrogen fixation was not realized until the late 1800 1 s. 
Since that time the role of Rhizobium bacteria and legumes in providing nitrogen 
for associated or subsequent crops has been exploited, especially in lesser 
developed countries. With the advent of higher fuel costs, which represent 
the major cost of fertilizer nitrogen manufacture, legumes in the U.S. are 
taking on more importance in pasture programs. 

There is a wide variation among species in the amount of nitrogen fixed per 
acre per year (Table 1). This occurs because some Rhizobium-legume associations 
are not very efficient and because perennial legumes have a longer fixation 
season than annuals. The data in Table 1 are determined largely by the amount 
of residual nitrogen remaining after the crop has been plowed under. 

Table 1. Estimates 

Alfalfa 
Ladino clover 
Sweetclover 
Red clover 

of nitrogen fixed 
Pounds N per Acre 

180 
160 
120 
110 

annually by pure stands. 

Birdsfoot trefoil 
~Jhite clover 
Lespedeza 
Soybeans 

Pounds N per 
110 
100 

80 
60 

acre 

Nitrogen-fixing bacteria are usually present in the soil if the specific 
crop has been grown on that field recently. Nevertheless, it is best to 
inoculate the seed with the proper bacteria because the commercial inoculants 
are selected for superior nitrogen fixati~n. Generally no nitrogen fertilizer 
should be added at seeding even though it may take 3 to 4 weeks for the 
bacteria to penetrate the root, form nodules and begin fixation. Nitrogen 
fertilizer has been shown to decrease the number of nodules on the plants 
and thus decreas~ nitrogen fixation. 

For maximum nitrogen fixation the plants need to be healthy, vigorous 
growing, and high yielding. During the last few years there have been many 
research studies that have evaluated forage management practices on nitrogen 
fixation. Basically, most results are closely associated with the indirect 
influence of management on photosynthesis. Apparently, nodules and nitrogen 
fixation are closely associated with photosynthate production as a primary 
energy source for fixation, but are of low priority in overall carbohydrate 
needs of the plant. Thus, decreases or interruptions in photosynthesis have 
a dramatic effect on nitrogen fixation (Table 2). For example, as alfalfa 
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Table 2. Factors that affect nitrogen fixation 

Factor 
Day-n i ght 

Cloudy weather 

Plant size 

Cutti ng 

Cool temperatures 

lJrought stress 

Fertil i zati on 

Competition from weeds or 
grasses 

Response 
Fixation is faster during day when radiation is 
driving photosynthesis. 

Fixation is reduced because there is less light 
to drive photosynthesis. 

Larger plants at end of growth cycle fix more nitro
gen/plant because they have more leaf area. 

Cutting removes much of the leaf area and thus re
duces nitrogen fixation. 

Cool temperatures decrease photosynthesis so less 
energy is available to drive fixation. 

Drought causes stomata to close and thus less photo
synthesis is available for nitrogen fixation. No
dules and thei r enzymes are also very sensi tive to 
desiccation . 

Calcium and potassium deficiency decrease growth 
and vigor of legume, thus decreasing nitrogen fixa
tion. Calcium is required for good nodulation, 
especially in acid soils. Nitrogen fertilizer 
delays nodulation and decreases nitrogen fixation 
rates. 

Other species compete for potassium and cause shad
ing that reduces fixation. 

._------------ ------

approaches bud stage nitrogen fixation rates are very rapid, but when plants 
are cut, fixation stops, and does not resume until the plants are again 
6-8 inches tall. During this period, alfalfa depends on soil nitrogen and 
nitrogen stored in the crown and root. 

Small changes in daylength have been shown to influence fixation, as well 
as cloud cover that decreases light intensity for photosynthesis . The onset 
of flowering, and especially seed set provides the plant with an alternative 
place to use photosynthate and thus decreases nitrogen fixation in the nodules 
(Table 2). 

Most legumes for pasture and hay production are grown with grasses that 
also benefit from the nitrogen fixed. Since most forage legumes fix about 60% 
of their own needs, there is less competition by legumes for soil nitrogen. 
allowing the grass to benefit directly from that source. In addition, the 
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legume nodules "leak" some nitrogen to the soil which can be used by the grass. 
During winter and other stress periods some nodules containing fixed-nitrogen 
are sloughed off. These are broken down by soil microorganisms to provide 
nitrogen for the grass. In spring or following drought stress the legume 
must redevelop its nodule number and may be dependent on soil nitrogen during 
that time. 

Nitrogen fixation in pastures with grasses will not be as high as in hay 
fields of pure legumes. Nevertheless, nitrogen fixation can supply the basic 
nitrogen needs for the pasture. In addition, legumes help balance the 
seasonal production of grass pastures, and the mixture gives better average 
daily gains compared with grasses alone. 
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CONTROLLED DROPLET APPLICATOR OPERATION 

M.R. Gebhardt and C.L. Webber, III 
Soybean Production Systems Research Unit, USDA-ARS 

Effective pest control requires that all of the pesticide be available 
to kill the pest. Often this means that droplets should be large enough to 
not be lost due to drift and/or evaporation but small enough to provide 
coverage on plant and soil surfaces. Much research has been conducted to 
find the best range of droplet sizes for effective pest control. The cen
trifugal type droplet generator is often used to produce a narrow range in 
droplet sizes. A rotary atomizer is now commercially available as an attach
ment to a farm sprayer. The liquid spray material is fed through two openings 
in the top of the unit. The liquid flows into the base of an electrically 
driven rotating cone. A belt drive can be changed to provide either 2000 rpm 
or 5000 rpm cone speeds. 

We conducted two field studies last year to evaluate the controlled 
droplet applicator (CDA) for controlling weeds with Paraquat, Roundup and 
Basagran.* We operated the CDA at 2000 rpm to apply 3 and 6 gallons per 
acre using a spacing of 72 inches. We compared the control of weeds from 
the CDA to that obtained with a Spraying Systems 80015 flat fan nozzle, 
15 inches apart and adjusted for applying 20 gallons per acre. 

Figure 1 shows the combined results with all three herbicides applied 
at rates from 3/32 to a full recommended rate. We found no difference in 
weed control between the CDA and the flat fan nozzle for "any of these appli
cation rates. Figure 2 shows the difference in volume of spray contained 
in droplets that are less than 99 micrometers in diameter for the COA and 
the flat fan nozzle. The CDA produces very few small drops compared to the 
flat fan nozzle. However, the absence of these small drops did not change 
the effectiveness of Paraquat, Basagran or Roundup. 

We conclude that the CDA is as effective as the flat fan nozzle when 
applying Roundup, Basagran and Paraquat postemergence. We do not recommend 
any rate adjustments when using the CDA. 

*Company and trade names are used solely to provide specific information. 
Mention of a trade name does not constitute a guarantee or warranty of the 
product by the U.S. Department of Agriculture and does not imply its approval 
to the exclusion of other products that may also be suitable. 
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USING ROPE-WICK APPLICATORS FOR CONTROLLING 
TALL-GROWING WEEDS IN ROW CROPS AND FORAGES 

E.J. Peters and R.A. McKelvey 
ARS, USDA and Department of Agronomy 

Pioneering work with rope-wick applicators was begun at Missouri in 1978 
in cooperation with Jim Dale of the USDA Delta States Agriculture Research 
Center, Stoneville, Mississippi. Dale discovered the wicking properties of 
certain types of ropes, and our efforts were directed toward finding ways of 
using this discovery for controlling weeds. We have continued experimenting 
with a number of devices to hold the ropes and with reservoirs to hold herbi
cide for the wicks. These efforts have resulted in improved designs that 
increase the degree of contact of the rope with weeds. A large portion of 
our effort has been to evaluate a number of translocated herbicides for use 
with wiping devices for control of pasture weeds. Herbicides showing the 
greatest promise for use in wicking devices are picloram (Tordon 22K), gly
phosate (Roundup), dicamba (Banvel), and 2,4-0. Picloram used in the rope 
wick applicator controls about 80% of many perennial pasture weeds, but 
residues of picloram cause some injury to clovers in pastures. Bio-assay 
of picloram treated soils shows that the residues are no longer detected 
after 2 years, and it should be safe to plant legumes after this period. 

For use in row crops, glyphosate is the most practical because it 
leaves no residue to injure crops in rotations. 

SPRING ESTABLISHMENT OF FORAGE LEGUMES 

E.J . Peters and R.A. McKelvey 
ARS, USDA and Department of Agronomy 

Traditionally, such forage legumes as alfalfa and birdsfoot trefoil have 
been established in the late summer in the Southern Corn Belt. Late summer 
plant~ng avoids th~ sever~ weed problem that frequently occurs in spring 
plant1ngs. Heavy 1nsect 1nfestations and dry weather that delays legume 
emergence frequently causes late summer plantings to fail. Our work has 
concentrated on planting in March or early April using herbicides to 
cont~o~ weeds. In more than 20 years of spring planting with the aid of 
h~rb1c1des, we have not had a failure, and yields of alfalfa during the seed-
11ng year have ranged from 2 to 5 tons per acre. Alfalfa sown in late March 
or early April will be in bloom about June 25 and be ready for the first harvest. 
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CONTROLLING WILD GARLIC 

E.J. Peters and R.A McKelvey 
ARS, USDA and Department of Agronomy 

Wild garlic is a serious pest in small grain and in dairy pastures. The 
weed is not competitive enough to seriously reduce yields, but it imparts 
garlicky flavor to food products made from grain or from animal products. We 
have studied the life history and biology of wild garlic for about 25 years. 
A thorough knowledge of the wild garlic plant has led to the discovery of 
several ways to control and eradicate it. 

TILLAGE 

Deep plowing was recommended as early as 1916 for control of wild garlic 
but frequently was unsatisfactory. Studies of burial of wild garlic plants 
at various dates led to the discovery that if wild garlic was buried 6 to 8 
inches deep about October 15, it would not emerge. By October 15, wild garlic 
has exhausted its food reserves in top growth and cannot put up enough growth 
to emerge. Subsequent work showed that burial between October 15 and late 
March was highly effective for killing wild garlic plants. Burial by plowing 
during this period will effectively kill wild garlic plants provided subsequent 
tillage does not uncover the plants or dormant bulbs before they have died. 

HERBICIDES 

Many herbicides have been evaluated on wild garlic, but most of them have 
been unsatisfactory for eradicating it because they do not kill a high enough 
percentage of the wild garlic plants. Furthermore, dormant bulbs may remain 
in the soil for as long as 5 years. In an eradication study, we showed that 
paraquat applied in late March killed nearly 100% of the wild garlic plants 
as well as the underground reproductive bulbs attached to them. Shallow 
disking 10 days after paraquat application was used to prepare a seedbed for 
soybeans. After 3 years of paraquat application followed by disking, wild 
garlic was eradicated from the area. There is evidence that shallow disking 
contributed to control because this tillage method kept dormant bulbs near the 
surface. Bulbs near the soil surface tend to break dormancy earlier than 
those buried deeply. 

WILD GARLIC IN WINTER WHEAT 

The herbicide 2,4-D has been recommended for control of wild garlic in 
winter wheat, but it has generally been unsatisfactory because rates relatively 
safe on wheat usually are not effective on wild garlic. Sometimes, 2,4-D 
will cause the scapes of wild garlic to bend down so that the grain combine 
will be able to pass over the scapes and thus reduce the number of garlic 
bub1ets harvested with the wheat. Frequently, however, the scapes will bend 
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down from 2,4-0 treatment but will recover before 
yields are frequently reduced by 2,4-0 treatment. 
of dicamba to 2,4-0 has not appreciably increased 
may increase injury to wheat. 

harvest. Furthermore, wheat 
The addition of small amounts 

the control of wild garlic and 

Recently, we have been evaluating MCPA for control of wild garlic in wheat. 
Although MCPA has been available for many years, it has not been used in the 
United States for control of wild garlic. MCPA causes less injury to wheat 
than 2,4-0 and, therefore, can be used at higher rates that are effective on 
wild garlic. Research during the past 2 years shows that MCPA should be 
evaluated extensively . 

A new herbicide named Glean appears to be highly effective on wild garlic 
and safe to use on wheat. Our research shows that Glean applied at 10 and 40 
grams per acre kills about 100% of the wild garlic plants without injury to 
wheat. In our research, Glean was applied in April before wheat had jointed. 
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WEED CONTROL 

O. Hale Fletchall, Department of Agronomy 

Weed control research is directed toward: 1) new discoveries about 
the nature of weeds and the herbicides and other tools with which we control 
them, and 2) the preparation of recommendations for safe, effective, economical 
methods of weed control. 

Today, we shall see a demonstration of the performance of 38 weed control 
treatments for the production of corn, grain sorghum, and soybeans. 

In addition to the plots you will see today, we are evaluating several 
hundred other possible weed control treatments on other plots on the farm. 
A few of these newer herbicide treatments look promising and may soon take 
their place among the well-established treatments as tools for controlling 
weeds in crop production. For example, we have some promising new herbicides 
for postemergence control of weed grasses in soybeans. 

Emphasis is being placed on controlling weeds in crops produced by 
no-till and other minimum tillage methods. 

Even though herbicides are a big help in solving weed control problems, 
each of them has its own particular strong points and drawbacks. Much of 
our research is devoted to finding out the special characteristics of each 
herbicide under conditions in Missouri and to discovering improved techniques 
of using it. 
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WEED CONTROL IN CORN=DEMON STRATION 

Rate 

Plots Conunon Name Trade Name (lb/A Active Ing. ) 

I Weedy check 

2 a1achlor + atrazine Lasso + (numerous) Pre 1. 75 + 1.2 

3 a1achlor + atrazine Lasso + (numerous) PPT 2.25 + 1.5 

4 a1achlor + cyanazine Lasso + Bladex 4L Pre 2 .0 + 1.2 

5 metolachlor + atrazine Dual 8E + (numerous ) Pre 1. 75 + 1.5 

6 metolachlor + atrazine Dual 8E + (numerous) 1'PI 1. 75 + 1.5 

7 metolachlor + cyanazine Dual 8E + B1adex 4L Pre 1.6 + 1.6 

8 cyanazine Bladex 4L Pre 3.0 

9 cyanazine + at razine Bladex 4L + (numerous) Pre 2.0 + 1.0 

10 chloramben + atrzine Amiben + (numerous) Pre 1.0 + 2.0 

11 Weedy check 

WEED CONTROL IN GRAIN SORGHUM=DEMONSTRAT ION 
(These plots were affected by heavy rain) 

j{ate 
Plots Conunon Name Trade Name ( lb /A Active Ing. ) 

1 (U) Weedy check 

2 (U) propach1or + atrazine Ramrod + (numerous) Pre 3.0 + 1.2 

3 (C) alachlor + atrazine Lasso + (numerous) Pre 2.0 + 1.2 

4 (s) alach10r + atrazine Lasso + (numerous) Pre 2.0 + 1.2 

5 (U) alachlor + atrazine Lasso + (numerous) Pre 2.0 + 1.2 

6 (C) metolachlor + atrazine Dual 8E + (numerous) Pre 1. 75 + 1.2 

7 (S) metolachlor + atrazine Dual 8E + (numerous) Pr,e 1. 75 + 1.2. 

8 (U) metoi-achlor + atrazine Dual 8E + (numerous) Pre 1. 75 + 1.2 

9 (U) Weedy check 

(U) Untreated seed; (C) = Concep treated seed; (S) = Screen treated seed 
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WEED CONTROL IN SOYBEANS=DEMONSTRATION 

Rate 
Plots Common Name Trade Name (lb/A active ing.) 

1 Weedy check 

2 alachlor Lasso Pre 2.5 

3 alachlor Lasso PPI 3.0 

4 metolachlor Dual 8E Pre 2.25 

5 metolachlor Dual 8E PPI 2.25 

6 alachlor + metribuzin Lasso + (numerous) Pre 2.5 + 0.375 

7 alachlor + metribuzin Lasso + (numerous) PPI 2.5 + 0.375 

8 metolachlor + metribuzin Dual 8E + (numerous) Pre 2.5 + 0.375 

9 metolachlor + metribuzin Dual 8E + (numerous) PPI 2.0 + 0.375 

~ 10 alachlor + bifenox Lasso + Modown 4F Pre 2.0 + 1.5 
w 

11 chloramben Amiben Pre 2.5 

12 chloramben Amiben PPI 2.5 

13 chloramben + alachlor Amiben + Lasso Pre 1.5 + 2.0 

14 chloramben + metolachlor Amiben + Dual 8E Pre 2.0 + 1.5 

15 chloramben + metribuzin Amiben + (numerous) Pre 2.0 + 0.375 

16 chloramben + trifuluralin Amiben + Treflan PPI 2.25 + 0.75 

17 chloramben + trifluralin + Amiben + Treflan + PPI 2.25 + 0.75 + 
metribuzin (nUIilerous) 0.375 

18 Weedy check 



WEED HERBARIUM 

L.E. Anderson, Department of Agronomy 

Established in 1981, the weed herbarium was made possible by funds 
provided by the Extension Pest Management Program. The herbarium includes 
40 different weed species, most of which are problems in cultivated crop 
production. Consequently, selection was based primarily upon econolnic 
importance of a given weed. 

Based upon length of life, the herbarium includes annual s , biennials 
and perennials. An annual (pigweed, foxtail) originates from a seed that 
germinates during spring or early summer, while a perennial (bindweed, 
Johnsongrass) grows year after year from a well-developed root or rhizome 
system. Biennials (musk thistle, bull thistle) require two year s to complete 
a life cycle. 

The widespread use of herbicides, many of which are specific for 
certain weeds or groups of weeds, makes identification a key to successful 
control programs. Hopefully, the herbarium will enable visitors and students 
to identify weed species and weed problems they have encountered. 

The common name, which often varies considerably, and scientific name 
are included by each species. 
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