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INTRODUCTION 

Small grains are an important part of Minnesota's agriculture. Wheat, barley, and oats were 
grown on approximately 5 million acres.Although substantial research and extension efforts in small 
grains have been accomplished in the past there have been relatively few occasions where University of 
Minnesota researchers and extension specialists have come together to collectively focus on research 
and extension needs and opportunities in these crops. The Small Grains Imperatives Workshop is an 
attempt to foster this kind of collaborative discussion. Webster's dictionary defines an imperative 
as an "urgent command or order," Our purpose in this workshop is to sytematically assess, both within 
and across disciplines, those urgent needs for knowledge a~d education with respect to small grains 
production systems of Minnesota. In other words we are asking "what do we know, what do we need to 
know and what do we need to tell" to enhance the stability, profitability and overall efficiency of 
small grains production. Our goal is to state questions, hypotheses and ideas, and to identify 
research and extension education initiatives in wheat, barley and oats. 

Appreciation is expressed to the Minnesota Agricultural Experiment Station for assistance in 
publishing these proceedings and to the Department of Agronomy and Plant Genetics for financial 
support in producing the workshop. Thanks also to the Department of Plant Pathology and the 
Department of Agronomy and Plant Genetics for hosting special departmental seminars on small grains 
topics in conjunction with the workshop. 

Small Grains Imperatives Workshop Organizing Task Group: 

Steve R. Simmons, Chair 
Dept. of Agronomy and Plant Genetics 

Charlotte Eberlein Ervin Oelke 
Dept. of Agronomy and Plant Genetics Dept. of Agronomy and Plant Genetics 

Vernon Eidman Donald Rasmusson 
Dept. of Ag and Applied Economics Dept. of Agronomy and Plant Genetics 

Samuel Evans John Wiersma 
West Central Experiment Station Northwest Experiment Station 
Morris, MN Crookston, MN 

John Lamb Roy Wilcoxson 
Northwest Experiment Station Depto of Plant Pathology 
Crookston, MN 

Carol Windels 
Gary Malzer Northwest Experiment Station 
Dept. of Soil Science Crookston, MN 
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VARIETAL DEVELOPMENT 

Deon D. Stuthman, Donald C. Rasmusson, Robert Busch 

Varietal development efforts in small grains at the Minnesota Agricultural Experiment Station 
have been and continue to be highly successful over a period of several years. Minnesota released 
varieties currently occupy large percentages of the state's small grain acreage. 'Robust' barley, 
released in 1983 (Rasmusson and Wilcoxson, 1983), was planted on 932,000 acres, 78% of Minnesota's 
total barley area, (Minn. Dept. of Agric., 1986) in 1986. Even more Lmpress Ive was its meteoric 
increase in usage, from 2% in 1983, to 76% in just two years. Few other small grain cultivars have 
increased in acreage so rapidly in such a short time. Nationally Robust was the most widely grown 
barley variety in 1985 and 1986. It occupied nearly 35% of the acres devoted to malting barley 
production in the U.S. in 1985. 

The record for hard red spring wheat varieties is equally impressive. Two Minnesota developed 
varieties were grown on an estimated 80% of the state's 2.8 million acres of spring wheat in 1985. 
'Marshall', released in 1982 (Busch et aI, 1983), occupied 60% of the acreage and 'Wheaton', released 
in 1983 (Busch et aI, 1984), was grown on 20%. Nationally, Marshall is the most widely grown hard red 
spring wheat, being grown on over 2.5 million acres in 1984 (Siegenthale et aI, 1986). Just two 
seasons after release Marshall became the leading hard red spring wheat in the u.s. No other wheat 
variety, to our knowledge, has increased its share of the acreage so rapidly. 

Minnesota developed oat varieties have been well accepted by the state's growers. In 1985, 
Moore, Preston, and Lyon totalled nearly 40% of the oat acreage in the state (Minn. Dept. of Agric., 
1985). Moore, released in 1979 (Stuthman et aI, 1980), was the most widely grown variety with 17% of 
the acreage. Preston, released in 1983 (Stuthman et aI, 1983), occupied 12%. Less than 2% of the 
state's oat acreage was planted to Minnesota varieties 10 years earlier. Two more recent releases, 
'Proat' in 1985 and 'Starter' in 1986, offer additional opportunities for expanding the acreage 
planted to Minnesota varieties. The protein production of Proat and the earliness, grain yield, and 
lodging resistance of Starter provides growers with alternatives not previously available. 

Another way of estimating contributions of varietal development efforts is the direct 
comparison of cultivars released in different eras. Growing both old and new varieties in common 
environments provides a reliable measure of the improvement in performance over time due solely to 
genetic changes. Further, comparing changes in other important traits provides useful information 
regarding breeding strategies for the future. Two such studies, one on barley and one on oats, have 
been conducted in Minnesota. 

The barley study (Wych and Rasmusson, 1983) involved seven trials at two locations over four 
years. Four of the six varieties in the study, Kindred, Traill, Larker and Morex, were in turn the 
dominant malting barley cultivar during the period 1945-84. The oldest variety in the study, 
Manchuria, was introduced about 1920 and was widely grown until the release of Kindred in 1942. The 
two newest varieties in the study,· Manker and Morex, were from the Minnesota program. Both varieties 
exceeded Manchuria in grain yield by over 50%, for an average annual genetic gain of about 0.9% since 
1920. For the most recent 36 year period represented by Kindred to Morex (1942-1978) the estimated 
annual genetic gain in grain yield (2%) was more than double that for the earlier period. In addition 
to these productivity gains, lodging and disease resistance were improved. The increased lodging 
resistance indirectly contributed to greater productivity by allowing production of barley on fields 
with higher soil fertility levels. 

Improvements in quality, especially those represented by Morex (Rasmusson and Wilcoxson, 1979), 
are also noteworthy. With its unusually high malt extract level, Morex is now the industry favorite 
and the quality standard against which all new selections are evaluated. Higher enzyme levels and 
improvements in several other quality factors also were obtained in Morex. 

Robust, released after this study (Wych and Rasmusson, 1983) was completed, provides another 7% 
in yield over Morex as well as greater lodging resistance (Rasmusson and Wilcoxson, 1983). These two 
Minnesota releases account for a major portion of the increased barley yields (about 25%) in Minnesota 
since 1978, the year Morex was released. 
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Yields increased at an annual rate of about 0.8% when new and old varieties were compared in 
the oat study (Wych and Stuthman, 1983). They evaluated nine cultivars, mostly Minnesota releases, 
that spanned a 56 year period, between 1923-1979. The oldest variety was Gopher and the two newest 
were Benson and Moore. Trials were conducted over three years at St. Paul. In addition to the yield 
gains, kernel weight and lodging resistance were imprQved. 

From these two studies it is clear that substantial improvements in grain yield and other 
important traits in both crops have been achieved by development of superior varieties. Selection for 
increased total biomass without changing harvest index has been suggested as the best approach to 
obtaining continued yield gains in both crops. Riggs (1983) came to the same conclusion after review
ing data from historical comparisons of European barley cultivars. 

The introduction of hard red spring wheat semidwarf cultivars to Minnesota producers in the 
early 1970's provided a breakthrough in productivity and was a hallmark event in the history of 
Minnesota wheat production. Era, a Minnesota release in 1970 (Heiner and McVey, 1971), quickly became 
the predominant variety in the state and remained so for 12 years. It occupied 80% of the acreage in 
1975. Era represented a 25% increase in grain yield based on its genetic performance compared to the 
earlier popular spring wheat, Chris. Compared to Era, Marshall yields 4% more, while Wheaton has an 
11% yield advantage. 

Production practices were altered considerably when conventional height varieties were replaced 
by semidwarf varieties (97% of acreage in 1984). Heichel (1984) estimated that improved production 
practices have contributed about 15-20% of the yield improvement. Perhaps the largest single change 
was the increase in nitrogen fertilizer usage. Because of increased lodging resistance of the 
semidwarfs and their increased yield when grown under high fertility, average nitrogen application on 
the state's wheat fields has tripled (G. Rhem, personal communication) since 1970. 

A second change in cultural practices was made necessary because of the increased weed problem 
in the short wheats. It is commonly accepted that the reduced height of semidwarf wheat reduces its 
competitiveness with weeds. Herbicides available in the early 1970's effectively controlled broad 
leaf weeds, but none would control grassy weeds. As a result, wild oats and the foxtails soon became 
major problems, although wild oats were a major problem in conventional height wheat. Fortunately, 
herbicides such as Hoelon and Stampede, which provide effective grass control became available for 
control of grasses in wheat. The increased productivity of the semidwarf varieties coupled with the 
higher nitrogen rates and the improved grass weed control has resulted in a doubling of state spring 
wheat yields since 1970. 

Breeding and Production Research Priorities 

In this section current research priorities and opportunities in the three small grain programs 
are described. Given the 8-10 year development time needed for new varieties, breeding efforts are 
designed to address anticipated concerns as well as existing production circumstances. This section 
begins with individual crop considerations and is followed by a discussion of items which apply more 
generally. 

Barley. The barley breeding effort centers on malting and brewing quality because, in Minnesota, 
malting varieties usually command a premium price. Nonmalting varieties are grown only to a limited 
extent and usually only for a short time after they become available. Grain yield and lodging resist
ance are two agronomic traits receiving emphasis. The constraints imposed by current malting quality 
requirements restrict the germplasm that is available for barley variety development. For example, 
the emphasis on semidwarf types has been reduced because of their unacceptable quality. Greater 
emphasis is being placed on lodging resistance in standard height material. Regarding diseases, net 
blotch and kernel discoloration are of primary interest. Stem rust and spot blotch are apparently 
under control. Among the many quality traits of importance for malting and brewing, five currently 
receive highest priority: extract, alpha amylase, fine-coarse difference, flavor of beer, and time 
required in the malthouse. 

Although not directly in the breeders domain, fertility management, especially nitrogen, is of 
particular concern to barley growers. High levels of N contribute to high yields; but excessive N may 
cause lodging and may raise grain protein content above acceptable quality standards. Thus, identi
fying the optimum nitrogen level for a given production situation would be helpful to growers. 
Factors to consider include variety, residual soil fertility, available soil moisture (before and 
during the growing season), cost of adding N, and economic return. 
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Wheat. The wheat breeding program emphasizes semidwarf types with increased grain yield, while 
striving to maintain acceptable quality and adequate disease resistance. Achieving a better combina
tion of grain yield and protein content is a specific goal. As an example, increasing kernel protein 
by 1/2 - 1% above that in Marshall and Wheaton without decreasing yielding ability appears to be 
attainable (Beninati, 1985) and would be a significant contribution to crop value. Interest in 
earlier maturity also continues; however, earlier types generally have been lower yielding and thus 
less attractive to growers. 

Rust resistance and leaf spotting tolerance will continue as primary objectives and a require
ment in new wheat releases. Research on scab tolerance will be expanded. Previous attempts to 
identify sources of scab resistance have met with limited success due to unreliable procedures for 
inoculation, but CIMMYT (Rajaram, 1983) has reported some success by physically introducing the fungus 
into the wheat spike. Recently, University of Minnesota plant pathologists initiated studies to 
develop techniques which will produce repeatable infection levels under field conditions without 
physically introducing the fungus into the floret. Their initial results are promising. 

Oats. The primary need of the oat crop in Minnesota is increased productivity to increase its 
competitive position. Increased lodging resistance would encourage better management and thereby 
increase profitability. Semidwarf types should respond to higher fertility without lodging and should 
increase per acre production. However, demand for tall varieties with high straw production will 
continue in areas where there is a need for livestock bedding. 

In 1986, crown rust was widespread in Minnesota and' caused significant losses in both yield and 
quality. Although abnormally late planting probably contributed to the rust development, incorpora
tion of crown rust resistance into cultivars remains an important goal. ' Field screening for crown 
rust resistance utilizing rust from buckthorn bushes (alternate host) has been effective and should be 
continued. 

Smut resistance will continue as a priority item in new variety development. Effective seed 
treatments are available, but for several reasons most growers do not use them. Barley yellow dwarf 
virus and stem rust resistances also will receive some attention. 

Bushel weight and groat percentage receive priority among the quality traits with less 
attention to protein percentage. Protein of oat grain is superior to other cereals and increasing its 
quantity without sacrificing grain yield would be a major contribution. Recently there has been 
increased interest among human nutritionists in the fiber of oat bran. However, little is known about 
the genetic variability of oat fiber content and efficient evaluation procedures for use in breeding 
programs are not available. 

General Considerations 

Minnesota's small grain breeders are .faced with several complex issues when deciding how to 
achieve continued improvement in their crop~. One issue is the development of vaiieties which have 
wide adaptation versus the development of varieties which may have greater response to specific 
geographic areas. Traditionally, the three small grain breeding programs have targeted the entire 
production area within the state (or region). Because the production area of both wheat and oats span 
the entire state north to south, matching maturity and latitude may have potential for increasing 
grain yield, e.g., developing earlier maturing varieties for the south. Yield trial results to date, 
however, show that high yielding wheat and oat varieties generally do well over the entire state 
regardless of their relative maturi.ty (Minn. Agric. Exp. Sta., 1986). 

A second possibility is developing varieties that respond more favorably to a particular 
management variable. There is evidence in both wheat (Malzer et aI, 1984) and oats (e.g., Ohm, 1976; 
Brinkman and Rho, 1984) that some varieties respond more to higher fertility, especially nitrogen, 
than do others. Such a response might be expected when a differential for lodging resistance exists, 
but lodging resistance was not the only factor involved. 

Applications of a growth regulator to reduce plant height has also produced differential 
varietal responses. There seems to be a tendency for the more lodging susceptible varieties to 
manifest the most positive response. Different tillage systems may also result in differential 
response among cultivars. Critical data in Minnesota for small grains is just now being collected on 
two wheat and two barley varieties. Should this study indicate that varieties respond differentially 
to tillage systems, these evaluations should be expanded to include more varieties and perhaps oats. 
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Ultimately the choice of general or specific adaptation depends upon the magnitude of the 
differential response. Breeding for specific adaptation, whether associated with geography or manage
ment, would require sizable increases in productivity to justify the additional expense of the 
separate breeding efforts. Alternatively, it may be more cost effective to continue to carefully 
evaluate selections that are developed in a single program over the range of areas and management 
practices. The goal would be to find selections which are wi~ely adapted or ~hich respond favorably 
to particular aspects of the environment or to specific culture practices. 

A second general consideration is whether special purpose cultivars warrant a separate effort. 
Feed barley, high protein wheat, and companion crop oat varieties are possibilities and would satisfy 
particular needs of growers. The question arises again regarding the justification of subdivision of 
a breeding program to produce such specialty types. Currently. none of our programs have separate 
efforts to develop special purpose varieties although two of the last three oat variety releases were 
advocated at the time of initial seed distribution as being especially useful as a companion crop 
based on their early maturity and good lodging resistance. 

Potential in Genetic Engineering 

The question of how best to allocate resources for variety development at this time is not 
complete without some mention of the potential of biotechnology as well as its current limitations. 

The ability to effect gene transfer from one organism to another outside of sexual reproduction 
has potential for complementing traditional techniques of crop improvement. Up to the present, dico~ 

species have proven more amenable to several of the biotechnological genetic manipulations than have 
monocots, especially the cereal grains. However, with the large effort currently expended on cereals, 
important contributions may soon be forthcoming. Once the ability to regenerate plants from single 
cells and/or protoplasts becomes routine, a major hurdle will have been ~leared. 

It is already possible to obtain haploid (1/2 the normal chromosome number) wheat and barley 
plants from anthers isolated and grown on an artificial mediUm. Because these plants are initially 
haploid, they are presumed to arise from single pollen cells within the cultured anthers. The chromo
some number of these haploids is rather easily doubled, creating instant hbmozygotes which are true 
breeding. Although the success rate with anther culture now is highly genotype dependent, knowledge 
of the basic processes involved in cell growth and division should expand the range of genotypes and 
species amendable to such technology. Such capability would be especially useful for pollen from Fl 
plants coming from crosses between pure line parents since an array of true breeding plants would be 
produced which would be similar to a progeny population normally derived by several generations of 
self pollination. Thus, selection and evaluation of progeny lines could be accomplished more quickly. 

For successful cell culture systems an additional limitation is genetic instability in culture. 
Evidence and possible causes of this instability has been reported for a number of species including 
oats (McCoy et aI, 1982). This instability poses a serious problem to effective and efficient gene 
transfer. Whether the instability threatens loss of the introduced trait or produces detrimental 
genomic changes, considerable evaluation of regenerated plants would be required to provide genotypes 
which are free of deleterious variants. 

Successful transfer of specific genes within or between plant species via genetic engineering 
is dependent upon knowledge of the genetic system at the molecular level. Without techniques to 
identify and isolate desired genes, and the surrounding DNA that regulates their expression, DNA 
transfer is no more than a random process. Techniques are not yet available for integrating the 
introduced genes into the recipient's DNA (chromosomes) in such a way that these genes will be 
expressed at the correct time, in the right tissues, and at the proper. levels for normal development. 

Perhaps of greatest concern to plant breeders is that most traits associated with productivity 
are conditioned by many genes rather than a single gene. Essentially nothing is known about how such 
genes can be identified and isolated or how they function on a molecular basis. Thus the initial gene 
transfers will necessarily be limited to traits controlled by single genes which could be recognized 
at the cellular level. They control only a few of the important traits with which a breeder works. 

Contributions to plant improvement will most likely result from continued efforts of both 
breeders and cellular/molecular biologists. An important but not yet resolved issue is to what 
extent resources ought to be directed to such cooperative efforts. 
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Concluding Remarks 

For each crop the ultimate goal of a breeding program is to provide growers wIth improved 
varieties which will increase the profitability of' that crop enterprize. When new varieties result in 
increased productivity with little or no increase in inputs, unit production costs are reduced and net 
incomes rise. Improvements in grain quality which increase the unit value of the grain and which are 
achieved without loss of productivity also contribute to greater profitability. 
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CULTURAL PRACTICES 

Steve Simmons, Ervin Oelke, Harlan Ford, Leland Hardman,
 
William Lueschen, Dennis Warnes and John Wiersma
 

Overview
 

Crop productivity is the cumulative response to weather, genetic limits and cultural practices. 
Under most circumstances in cereal crops, only genetic and cultural "practice factors can be directly 
controlled by the producer. In this chapter we will address cultural practices not specifically 
covered elsewhere in this review of small grains imperatives. In our judgement, modified tillage 
procedures, alternative fertility management strategies, development of new varieties, and improved 
weed control options (all of which might be included under the broad heading of cultural practices), 
provide the best oppo~tunities for major enhancements of productivity/profitability in cereal crops. 
These areas have historically been most important and there is no reason to believe that they will not 
continue to be so in the future. 

So, what's left? Certainly the traditional "rate and date" questions continue to arise, but 
mostly in response to problem situations such as poor stand establishment or late planting. There are 
not likely to be major "pre-emptive" productivity gains made in this area. Questions of modifying 
cropping systems and assoeiations (i.e., legume rotations, intercropping, living mulches) are in
triguing, but for now they seem to be more of academic interest than practical importance. Altera
tions in harvest procedures hold some promise for gai~ since a portion of each year's crop is lost to 
improper or ineffective harvest procedures. Solution of this problem, however, is mostly in the hands 
of combine designers and operators, not the agronomist. 

A new cultural practice outside of the more traditional areas noted above is that of chemical 
growth regulation. One can conceive of many agronomic objectives that might he achieved through use 
of chemical growth regulators. The challenge of this approach, however, is identifying and gaining 
clearance for the regulator, coping with inconsistent regulator effects because of environmental 
influences, and demonstrating a clear economic advantage "to the producer who uses the regulator. 

The agronomist charged with overall concern for cultural practices in cereals may be well 
situated to help define the production intensity options best suited for a cereal producer today by 
providing a systematic appraisal of the biological, ecological and economic gains associated with 
individual practices or combinations of practices. To achieve such a goal, even for a single ecologi
cal niche, is a substantial undertaking. 

In some cereal production regions of the world management "packages" have been developed that 
are variety specific. In Minnesota and other areas of North America this level of refinement in small 
grains management has not traditionally been considered necessary. The question can be asked, how
ever, whether such an approach would be beneficial for modern varieties and production systems. If 
so, considerable background research and extension education effort would be 'needed to develop these 
"packages" for current varieties and to then upgrade them as new varieties or production practices 
become available in the future. 

Associated with the needs for new knowledge outlined above is the requirement for cereal 
producers to make better use of the knowledge already available. Observation of cereal production 
practices in Minnesota commercial fields reveals that "tried Clnd true" agronomic principles are often 
not followed. The reasons for this have not been systematically documented, but likely range from 
indifference to a lack of proper equipment and information. For some growers, particularly in areas 
where small grains are not considered a commodity of primary importance understanding and applying 
management principles for small grains may have lower priority than other aspects of the farm opera
tion. Thus, extension education emphasis on small grains is needed. 

In the next section of this chapter we will describe six specific research and extension 
imperatives. 
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Review of Imperatives 

1. Alternative Cropping Systems Emphasis and Options. Spring growth habit cereal crops occupy 
most of the Minnesota production landscape each year. A systematic assessment of the prospects for 
using winter wheat in Minnesota production systems is needed. The winter wheat option is of current 
interest to many growers, particularly those considering continuous no-tillage cereals or rotations 
with crops that mature early enough to permit timely fall seeding of winter wheat. The presence of 
surface residues such as small grain stubble (as with a no-tillage system) often reduces winter injury 
and thus improves the prospects for a successful crop (Ball and Larsen, 1985; Cox et aI, 1986). 
Averaged over the 1983 to 1985 seasons, grain yields for leading spring and winter wheat cultivars at 
Crookston and Morris, Minnesota were similar (Minn. Agric. Exp. Sta., 1986). The need exists to 
systematically evaluate spring and winter wheat "head-to-head" in Minnesota, with both types grown 
using optimum production strategies. Economically advantageous crop rotation options for use with 
winter wheat must also be developed in order to avoid the agronomic and ecological hazards of monocul
ture cereal production systems~ 

Another cropping option that deserves consideration in Minnesota is barley grown for feed. 
Under some circumstances the price differential between feed and malting barley may not compensate 
growers for lower yields that can result if reduced nitrogen fertilization is used to attain accept
able malting quality. Also, barley breeders face a continual challenge in improving the agronomic 
qualities of future varieties while retaining the stringent malting and brewing quality standards 
required by industry. For example, experimental semidwarf stature barley lines have been developed at 
Minnesota that could hold promise for increased productivity, especially in conjunction with more 
intensive management strategies. Such lines are inherently more resistant to lodging and can be 
fertilized more heavily. Semidwarf lines, however, do not currently possess acceptable malting and 
brewing qualities. They could however be released now as feed barley varieties. Growers who have use 
for feed grains or who prefer to manage and market their crop for feed rather than malting might 
benefit from the option of growing a semidwarf type variety with an lntensified management program. 
Such cropping options should be investigated for both their agronomic and economic merits. 

A large proportion of the oat acreage each year is grown as a companion intercrop with a forage 
legume. The Minnesota Department of Agriculture (1986) estimated that 20-30% of the sown acreage of 
oat in 1984 and 1985 was not harvested for grain. Some of this was likely grown as a companion inter
crop and harvested as forage at an immature stage. A percentage of the oat acreage taken for grain 
was also grown as a companion intercrop. Thus, it is possible that more than half of the oat acreage 
each year is grown as a companion intercrop with a forage. This percentage could increase if oat 
acreage continues to decline and concentrate in livestock and dairy productio~ regions of the state. 
Breeders and agronomists concerned with oat management and improvement should give increased attention 
to developing plant types and production strategies for oat grown as a companion intercrop. Also, 
recent research at Minnesota' has shown that a spring barley-alfalfa companion intercrop has superior 
seeding year forage quality compared to oat-alfalfa mixtures (Brink and Marten, 1986). Thus, research 
and extension emphasis is needed as well for barley grown as a companion intercrop. 

2. Date and Method of Planting. Farmers are advIsed to plant spring cereals as early as the 
seedbed can be effectively prepared. Such a strategy helps assure that the crop will pass through the 
flowering and grain filling stages at a time during the growing season when temperatures, soil 
moisture and disease pressures are more favorable. Late seeding also results in hastened crop 
development with a consequent shortening of the tiller production, inflorescence initiation and 
differentiation, and grain filling periods. Accordingly, yield is reduced substantially by late 
planting. Questions concerning planting date usually arise when a late spring or other circumstances 
force farmers to deviate from the recommended "early is best" management strategy. 

Recent studies with spring wheat at Crookston, Morris, Lamberton and Waseca have queried the 
appropriate varietal selection that growers should make when faced with a late planting situation. 
This research showed that, on average, later maturing varieties yielded more than early maturing ones 
when planted early. With late planting in southern Minnesota (Waseca/Lamberton) this differential was 
largely eliminated, but contrary to traditional opinion, later maturing varieties did not necessarily 
yield below early maturing ones. The results from northern Minnesota (Crookston) were more in agree
ment with the traditional viewpoint that early maturing varieties give higher yields with late plant
ing condi tLons (Figure 1). 
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Figure 1.	 Yield response to planting date for spirng wheat varieties in southern (left) and northern 
(right) Minnesota. E = average yield of early varieties (Butte, Oslo, Centa and James in 
southern Minnesota and Butte, Eurika, James, and World Seeds 1809 at Crookston). L = 
average yield of late varieties (Era, Solar, Olaf, and Alex in southern Minnesota and 
Coteau, Era, Kitt and Solar at Crookston). 

Planting date by variety information has not been collected in any comprehensive way for oats 
or barley. Growers and extension personnel would clearly benefit from possessing such information in 
situations such as the 1986 growing season when late planting was a necessity. 

If winter wheat becomes a more feasible cropping option for Minnesota producers, it will be 
important to evaluate fall date of planting effects on crop development and agronomic performance. 
Since winter wheat has not previously occupied much acreage in this state. specific information is 
lacking. To what extent winter wheat guidance developed for North Dakota o"r Wisconsin can be trans
ferred to Minnesota conditions is not certain. 

The last comprehensive investigation of seeding rates for wheat or barley in Minnesota was 
conducted in the late 1960's. This research verified that higher seeding rates are favored when the 
crop is planted late. It also showed th~t the varieties in use at the time of the study did not 
respond differentially to seeding rates. Since the time of ~hese studies, semidwarf stature wheat 
varieties have become the dominant type. It would be wise to again consider the question of cultivar 
x seeding rate interactions, possibly in conjunction with" other variables such as fertility, tillage 
method, or row spacing. 

To our knowledge no recent comprehensive, multiple location, multiple variety investigations of 
seeding rate effects on productivity have been conducted for oat in Minnesota. In a recent two year 
evaluation at St. Paul that t nc l uded both conventional he Ig ht varieties Rod expe r I ment a l se mf dwar f 

2genotypes, yields were con~istently higher for all genotypes at populations of )00 to 390 plants m
(28 to 36 plants ft-2) compared to 210 or 480 plants m-Z (19 or 44 plants ft- 2) (Meyers et aI, 1985). 
There were no indications that semidwarf and conventional height genotypes responded differentially to 
changes in population. Lodging of the conventional height cultivars, as expected, was greater at 
higher populations. It would be useful to verify these observations over a broader sampling of 
locations and years. 
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Little information is available regarding rates of seeding effects on grain yield when oat or 
other small grain is sown ina companion intercrop system with a forage legume. Because of altered 
competition and microclimate effects in an intercrop there is reason to believe that seeding rate 
responses might differ from those in a monoculture system. Also of interest in this intercrop situa
tion is the effect of altered small grain population on the forage, which' is usually the crop in the 
system of primary concern to the grower. Thus, effort should be made to fill this informational void. 

In the extension education arena, the need exists to teach cereal growers to think in terms of 
planting to attain a desired population (i.e., plants m-2 or plants ft-2) rather than planting by seed 
weight (lbs a-I) or volume (bu a-I). As management strategies and seeding equipment become more 
precise, so should the units in which growers seed their crop. Since the number of kernels per kg or 
lb varies depending on the variety or seedlot, seeding recommendations should be made as kernels per 
unit area needed to obtain the desired population. 

Of the cropping practices associated with stand establishment, row spacing may have the most 
potential for contributing productivity gains. Research in Europe and the eastern United States 
(including Wisconsin) has shown that row spacing narrower than the conventional 15-18 cm (6~7 inches) 
provided a significant gain in productivity. Such spacing can alter plant tillering habit and other 
aspects of development that affect yield (Simmons et aI, 1982). In Pennsylvania and Virginia, 
averaged over several soil types and environments, yields of soft red winter wheat were increased 
about 14% when row spacing was 10 to 13 cm (4 to 5 inches) compared to more conventional 18 to 20 cm 
(7 to 8 inches) spacings (Roth et aI, 1984; Joseph et ai, 1985) (Table 1). The Virginia study (Joseph 
et al~ 1985) showed that narrower rows caused plants to produce more fertile tillers. Wisconsin 
studies with both spring and winter wheat demonstrated only a modest 3 to 6% increase in yield with 10 
cm (4 inch) rows compared to 18 cm (7 inch) spacing (Oplinger et aI, 1985; E. Oplinger, personal 
communication). Row spacing studies with oat in Pennsylvania showed that a 13 cm (5 inch) row spacing 
gave 6 to 10% yield enhancements compared to 18 cm (7 inch) spacing, averaged over two years (B.G. 
Marshall, personal communication). In Wisconsin, Brinkman etal (1979) found that spring barley sown 
in a 8 cm (3 inch) row spacing yielded 4% more than in 15 em rows. Narrower rows also reduced 
lodging. 

Table 1. Effects of row spacing on grain yield of soft red winter wheat in 
Virginia and Pennsylvania. All values are averaged over two years. 
Da~a from Virginia were' collected from plots sown at 372 kernels 
m-. Data reported for Pennsylvania are averaged over seeding 
rates of 100, 168,	 and 235 kg ha-1• (Adapted from Roth et aI, 1984 
and Joseph et a l , 1985.) 

Soil textures 

Sandy Loamy Silt 
Location Row spacing loam sand loam 

Virginia	 10 7600 (Ill) 6300 (94)
 
20 6800 (101) 5400 (80)
 

Pennsylvania	 13 4400 (65) 
18 3850 (57) 

In row crops such as corn or soybean, wider row spacings are favored in drier areas (Taylor, 
1980). In cereals it also holds that narrower rows are less. advantageous when precipitation becomes 
limited. Minnesota and the eastern Dakotas are in the transition zone between the humid east and the 
semiarid Great Plains. Accordingly, we hypothesize that row spacings narrower than 15 to 18 cm (6 to 
7 inches) would only minimally effect yields under our conditions. It is also likely that the re
sponse could be quite variable depending on the amount and pattern of precipitation received in a 
given year. We believe that conducting studies over several years and locations in Minnesota should 
be a priority in order to test this hypothesis. 

3. Growth Regulation. We noted earlier in this chapter, that chemical growth regulation perhaps 
holds unique promise for enhancing small grain productivity. At this time only one compound, ethephon 
(trade name 'Cerone') is registered for use on wheat and barley. This compound functions as a 
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"harvest aid" by shortening the crop stature, strengthening stems and' reducing a crop's propensity to 
lodge. Recent multiple location, multiple year studies evaluating ethephon use on popular spring 
wheat and barley varieties have been conducted in Minnesota. Lodging was rarely experienced during 
the study period, which provided an opportunity to evaluate ethephon effects when lodging was not a 
consideration. When conditions favoring lodging did occur, ethephon treatment consistently reduced 
the lodging incidence in the crop. However, ethephon application sometimes also resulted in lower 
grain yields (Table 2). This yield reduction was usually associated with a decline in the number of 
kernels per spike. It was particularly noted when the crop was subj~cted to high temperature or 
moisture stress following ethephon application. It is yet to be seen whether serious lodging will 
continue to be a major production constraint for wheat and barley pro4ucers since more inherently 
lodging resistant varieties are now available. T~us, for many current production situations in 
Minnesota, use of growth regulators only to obtain lodging resistance does not appear to be economi
cally justified. When growers deviate from production norms, such as by using higher nitrogen fer
tility rates, high seeding rates, irrigation or other lodging promoting intensive crop management 
(ICM) practices, use of ethephon may be more appropriate. Future tests with ethephon should specifi
cally probe its agronomic and economic attributes under such production conditions. 

Table 2. Effects of ethephon application 
barley varieties in Minnesota. 

on grain yield of spring wheat and 
Application rate was 0.42 kg ai ha 1 

(0.38 Ib a-I). Increase or decrease recorded only if difference was 
significant at P( 0.05. 

Crop Variety Decrease No effect Increase Total Trials 

No. of trials 

6 '2 9Wheat Butte t 1 
4
9
6 

3 1Stoa o 
Era 2 7 o 

oLen 1 5 
9 
6 
3 

o
1
o 

7
4
2 

Marshall 2 
Wheaton 
Olaf 

1
1 

71 
o 7 

6
6 

Barley Glennt o 
Morext 1 

1 72Robust t 4 

tDenotes tall stature varieties. 

The future role of growth regulators in small grains depends on whether compounds are identi
fied that successfully alter the inherent yield potential of a crop rather than simply "protecting" 
yield and aiding in harvest. Some evidence suggest that yields can b~ enhanced inherently by growth 
regulators that alter the yield components such as spike number through altered plant development 
(Cartwright and Waddington, 1981; Matthews et aI, 1981). However, consistency of these effects has 
not been sufficient to warrant commercial use of regulat6rs for such ~urposes. Should such compounds 
be developed it will be important for research and extension personnel to collaborate in evaluating 
the regUlator's effect and consistency in order to provide proper guidance to growers. 

4. Intensive Crop Management. A concept of intensive crop management (rCM) is currently being 
promoted by Lndus t ry and commodity groups interested in enhancing farm profitability. Some of the 
components of the strategy have been adapted from "high yield" management systems in Europe and other 
cereal production regions. Implicit in the concept is an emphasis on balancing production inputs to 
achieve maximum economic return to the grower. Testing this concept is extremely difficult, logisti
cally, because of the large number of production variables and environments that must be evaluated to 
obtain meaningful information. Conducting factorial e~periment~ to evaluate the IeM components in 
association with each other would be an extremely large undertaking. A less ambitious, but perhaps 
more realistic approach may be to evaluate complete management systems head-to-head for both agronomic 
and economic performance. These systems might include low, intermediate and high input strategies 
appropriate for use by growers. The National Association of Wheat Growers Foundation "Test-20ft 

project is a national effort of this nature designed to determine areas where reM can be profitably 
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used. If enough such comparisons are made over a range of locations and environmental conditions a 
clearer understanding of the role for rCM in Minnesota may be obtained. 

Many of the preceding issues have in one way or another addressed the question of differential 
variety responses to various cultural practices. Traditionally, management recommendations in 
Minnesota have been made broadly because earlier studies often showed that varietal responses were 
similar. In other cereal production regions, particularly those that have adopted high intensity 
management approaches, some effort is now being made to adapt cultural practice recommendations for 
specific varieties. This is currently done to a limited extent in Minnesota, when label exclusions 
are made for differential variety sensitivity to a herbicide or growth regulator, or when specific 
varieties are identified for late planting or use in companion intercrop conditions. For fertility, 
tillage, and seeding methods, however, recommendations have remained nonspecific with respect to 
varieties. We should address whether the level of management in toda~s small grains production 
systems in Minnesota merits a more "custom" approach. We do not believe ~hat sufficient research 
information on varietal specific responses yet exists for Minnesota to permit a decision to be made on 
this question. 

5. Harvest management. Small grains growers in Minnesota have traditionally swathed grain before 
threshing, rather than direct combining. Many producers are now beginning to harvest grain directly. 
Extension education emphasis is needed on the proper procedures for direct combining. Some confusion 
also exists regarding the influences of swathing and windrowing on grain dry-down compared to a 
standing crop. Studies should be conducted to answer these questions. . 

6. Education materials. We noted previously that growers, £or a variety of reasons, are not 
always using the best information and technology in managing their small grains. There is a substan
tial extension education challenge ahead in educating growers to improve their management skills for 
these crops. Educational materials to facilitate this task are lacking for small grains. Comprehen
sive extension management guides (both booklet and computer disk format) covering aspects of small 
grains culture should be developed. These would be useful additions to the aids available for use by 
extension workers and growers. 

Summary of Imperatives (not in" priority order) 

1. A systematic assessment of winter wheat production systems adapted to Minnesota should be 
made. In conjunction with such studies alternative crop options for rotation with winter wheat should 
be sought. 

2. A systematic assessment should be made of the prospects for growing current malting 
varieties or experimental nonmalting (yet agronomically desirable) genotypes for feed. Such evalua
tions should include economic comparisons as well as agronomic. 

3~ Greater emphasis should be placed o~ understanding and defining optimum oat and barley 
production practices when grown for forage or grain in a companion intercrop system with a forage 
legume. 

4. Comprehensive evaluations of variety x planting date interactions (similar to those 
recently completed in spring wheat) are needed for barley and oat using current popular varieties in 
order to generate information for use in responding to late planting situations. 

5. Should winter wheat become a more feasible cropping option, evaluations will be needed to 
discern optimum planting date and other fall or spring management strategies for Minnesota. 

6. Comprehensive evaluations of seeding rate effects in oat are needed, when grown alone and 
as a companion intercrop with a forage legume. Evaluations of seeding rate effects for wheat or 
barley are also desirable since it has been nearly 20 years since the last multiple location studies 
were conducted. Extension education should emphasize to growers the importance of seeding to a 
desired plant population rather than seeding by weight or volume. 

7. Studies designed to assess the effects of narrow row spacings [narrower than 15 to 18 cm (6 
to 7 inches)] are needed under Minnesota conditions. Such studies might be combined with other stand 
establishment variables such as seeding rate. 
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8. Side-by-side evaluations of variable input production systems (low, intermediate, high) 
should be conducted at multiple locations over several seasons in order to provide growers with 
information regarding the appropriate levels of management intensity for cereals in Minnesota. 

9. Studies comparing grain moisture loss in swathed versus free-standing grain should be 
conducted to help resolve confusion concerning the relative merits of direct combining compared to 
swathing. 

10. Development of comprehensive production guides and other extension materials for small 
grains summarizing current information and recommendations regarding cultural practices and management 
strategies should be a priority activity. 
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WEED CONTROL IN SMALL 'GRAINS 

Charlotte Eberlein and Beverly Durgan 

Small grain fields in Minnesota may be infested with a mixture of annual and perennial weeds, 
which commonly includes such species as wild oats, wild buckwheat, wild mustard, green and yellow 
foxtail, redroot pigweed, common lambsquarters, kochia, and Canada thistle. Of these, wild oats is 
the number one problem weed. Wild oats is well adapted to the life cycle of spring cereals and is 
very competitive with spring-seeded cereals. In addition, infestations of wild oats are expensive to 
control. Wild oats herbicides cost more than the common broadleaf herbicides, 2,4-D, MCPA, and 
dicamba, and the main cultural practice for controlling wild oats, delayed seeding, often reduces 
small grain yields. Therefore, this review will focus on what is known about the competitiveness of 
wild oats in small grains and the influence of various cultural practices on wild oats population 
dynamics. Specific details 'on the use of herbicides for wild oats control will not be covered since 
that information is summarized elsewhere (13, 23). A brief review of three other key small grains 
weeds, green foxtail, kochia, and Canada thistle will also be presented. 

Wild oats 

Competition with wheat and barley. 

Wild oats compete with small grains for light, water, and nutrients. Yield losses due to 
various densities of wild oats in wheat and barley are shown in Figure 1. As can be seen, barley is 
more competitive with wild oats than wheat (2). Using data collected by Bell and Nalewaja (2,3) in 
North Dakota, and Bowden and Friesen (8) in Manitoba, Dew (12) constructed a regression model of wheat 
and barley yields in wild oats infested fields. Dew's equation has been presented as: 

y' = 100-b'iWO 

where y' is the yield of wheat or barley expressed as a percent of the weed-free crop yield, b' is the 
index of competition (a larger b' value indi~ates more competitiveness of wild oats with the crop), 
and wo is the wild oat density in plants 1m (9). Dew's b' values were 2.3 for barley and 3.39 for 
wheat. 
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Figure 1. Percent yield reductions caused by various wild oats 
densities in wheat and barley. (Adapted from Bell and Nalewaja (2)). 
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A number of factors may influence the competitiveness of wild oats with wheat and barley. For 
example, Dew recognized that his equation did not account for the effect of crop stand on competitive
ness of wild oats. Recent research in irrigated wheat in California (9) has shown that crop density 
may affect wheat competition with wild oats. Yield losses from a given density of wild oats were 
greater ~n a poor wheat stand tha~ in a good one. For example, when the wheat stand was 100 
plants/m , 5.5 wild oats p'lants/m reduced wheat yield 20%, but when the wheat stand was 700 
plants/m2, 38 wild oats/m2 were needed to reduce yield 20%. In Minnesota farm fields, wheat popula
tions range from 150 to 250 plants/m2• Increasing seeding rates may help to reduce the competitiveness 
of wild oats; however, limited soil moisture may not support high plant populations in our noo
irrigated farmlands. The cost of increasing seeding rates also needs to be considered. 

Dew's equation also does not consider the effect of the relative time of emergence of wild oats 
in relation to crop emergence on wild oats competition with wheat and barley. Pavlychenko (19) 
reported that wheat had a larger root system than wild oats 5 days after emergence, but at 22 days 
after emergence, wild oats had developed a larger root system than wheat. Therefore, wild oats may be 
most susceptible to competition for soil resources during early stages of growth. If wild oats 
germinate and emerge earlier than the crop, any potential crop advantage over the weed is lost. 
Research by O'Donovan et al (18) in Canada supports this; crop yield losses in wheat and barley from, 
early emerging wild oats were greater than yield losses from later emerging wild oats. 

Competitiveness of wild oats may also depend on the stature of wheat. Dew's b' values are 
based on results from studies of wild oats competition with tall stature wheat varieties. Carlson and 
Hill (9) studied the effect of wild oats densities on yield of the semidwarf wheat, 'Anza'. Yield 
losses from a given density of wild oats were greater in their studies than were yield losses reported 
in previous research with tall stature wheat, and their calculated b' value for wheat was 4.73, 
compared to Dew's value of 3.39. Thus, semidwarf wheats may not be as competitive with wild oats as 
tall stature wheats. Individual wheat or barley cult~vars may also differ in competitive ability with 
wild oats. Cultivars are known to vary in cbaracte rf.s't tcs such as height, leaf area, tillering 
habits, rate of leaf production, and leaf erectness, all of which may affect competitiveness of a crop 
with a weed. Although no information on the relative competitiveness of cultivars of spring grains 
with wild oats is available, research with competitiveness of winter wheat cultivars with weeds (11) 
has shown that cultivars do vary in their competitive ability and/or their ability to withstand weed 
competition. In addition, studies have shown that the efficacy of wild oats herbicides is dependent 
on crop competiton, because many of the wild oats herbicides inhibit growth of wild oats but do not 
kill the weed (20). Therefore, any factor that increases crop competitiveness should improve wild 
oats control with postemergence herbicies. 

Soil fertility is another factor affecting wild oats competition with wheat and barley. Bell 
and Nalewaja (3) and Carlson and Hill (10) reported that wild oats was more competitive with wheat 
when nitrogen (N) fertilizer was applied. For example, when wild oats populations were 50 plants/m,2 
wheat yield was reduced 43% when no N fertilizer was applied, and 57% when 84 kg/ha N was applied 
(10). Apparently, wild oats is better able to utilize added nitrogen than wheat. 

Seed longevity 

One of the major hindrances to long term control of wild oats is dormancy of wild oats seeds. 
Previous research in Great Britain and Canada has shown that wild oats may persist for up to 6 years 
in cultivated soils (1, 22, 24). More recent research in North Dakota has shown that wild oats may 
persist more than 9 years, depending on environmental conditions and depth of seed burial (17). Seed 
buried at a Fargo site where average annual precipitation was 48 cm lost viability more rapidly than 
seed buried at a western North Dakota site with an average annual rainfall of 33 c~ At Fargo, loss 
of viability was more rapid at shallow (less than 15 em) than at deeper depths of burial. Addition of 
soil N at 168 kg/ha further reduced longevity of shallowly buried (5 to 9 em) seed (17). 

Influence of cultural practices on wild oats populations 

Tillage 

Researchers at North Dakota State University (NDSU) have examined the influence of tillage on 
wild oats populations. Long term studies on weed population shifts under conventional (moldboard 
plowed), reduced (chisel-plowed), and no tillage systems have shown that wild oats populations are 
lowest under no tillage and highest under reduced tillage systems (16). Apparently, the lack of soil 
disturbance in the no tillage system allows for depletion of the shallowly buried seed re~erves. 

Deeply buried seed is not brought to the surface by tillage, and either remains dormant, or loses 

-17



viability. Unfortunately, populations of several other, weeds, including kochia, Canada thistle, and 
perennial sowthistle, were higher in the no tillage system than in the conventional tillage system 
(16). 

Cropping Systems 

A three-year study was conducted at NDSU to determine the effect of various crops on wild oats 
seed reserves in the soil (17). In the study, rye, soybeans, barley, wheat, and flax were grown with 
or without an application of the wild oats herbicide, trial late. Initial wild oats seed density in 
the soil was 18.3 million seeds/ha. After three years, seed populations in plots that were not 
treated with trial late had increased in continuous crops of wheat, barley, and flax, but had decreased 
substantially in rye and soybeans (Table 1). The decline in wild oats populations in rye was likely 
due to the competitiveness of rye with wi~d oats (17). The decline in wild oats seed reserves in the 
continuous soybean system was due to soybean cropping practices such as later seedbed preparation and. 
cu I ti vat ion af ter soybean emergence. When tria l I ate was appl ied for wi ld oats cont ro 1, seed reserves 
were reduced below the initial infestation level in all crops and seed reserves were reduced 95 to 96% 
in soybeans and rye (Table 1). However, sufficient wild oats seed still remained to cause a high 
infestation of wild oats the following year. 

Table 1. Wild oats seed reserves in the soil after 3 years of various 
crops grown with or without trial late. (Adapted from Miller et al. 
(17». 

Wild oats seed reservesa 

Crop Without triallate With triallate 

(million seed/ha) 

Rye 2.5 0.99 

Soybean 2.2 0.74 

Wheat 39.8 11.4 

Barley 27.2 4.7 

Flax 47.7 14.1 

a Initial wild oats seed density was 18.3 million seed/ha. 

Crop rotations with winter wheat should also help to reduce wi ld oats seed reserves since 
winter wheat is a vigorous competitor with wild oats. A barley-winter wheat-soybean rotation should 
provide excellent reduction in wild oats seed reserves. The agronomic 'and economic feasibility of 
this rotation should be studied. 

Herbicides 

Several herbicides are commercially available for wild oats control in wheat and barley, in
cluding the soil applied herbicides, dial late (barley only) and trial late, and the postemergence 
herbicides, barban, diclofop, and difenzoquat. Average performance of wild oats herbicides and seed 
production by surviving wild oats plants is shown in Table 2. Wild oats seed production was reduced 
more by applying a combination of triallate followed with a postemergence herbicide application than 
by applying the individual herbicides alone. The combination of tri.allate preemergence with either 
diclofop or difenzoquat postemergence gave the best wild oats control and the greatest reduction in 
wild oats seed production. However, even when wild oats control was 93 to 94%, surviving plants 
produced 3.2 to 3.95 million seeds/ha (17). 
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Table 2. Influence of herbicide treatment on wild oats control and seed 
production in wheat. (Adapted from Miller et al (17)). 

Wild oats Wild oats 
Herbicide Rate Years control seed production 

(kg!ha) (%) (million seed/ha) 

Triallate 1.12 2 66 15.7 

Barban 0.43 3 57 22.5 

Diclofop 0.84 3 66 17.5 

Difenzoquat 0.84 3 64 15.9 

Triallate + barban 1.12 + 0.43 3 91 8.8 

Triallate + diclofop 1.12 + 0.84 3 94 3.9 

Triallate + difenzoquat L.l2 + 0.84 J 93 3.2 

Resistance of wild oats to each of the major herbicides has been reported. Jacobsohn and 
Andersen (15) evaluated 214 wild oats accessions and Somody et a1 (21) evaluated 1200 wild oats 
accessions for tolerance to wild oats herbicides. Some accessions were tolerant to more than one 
herbicide, but none were tolerant to all herbicides. Thus, rotation of herbicides is recommended to 
reduce the possibility of increasing the population of a wild oats biotype that is tolerant to a 
particular herbicide. 

Effective control of wild oats requires a systematic approach in which a combination of all the 
tools available for control are used. Crop rotations that include competitive crops, appropriate 
tillage systems, and effective herbicides will reduce wild oats infestations to a level where less 
intensive systems will give adequate control in subsequent years. 

Other weeds 

Green foxtail 

Green foxtail infestations are widespread in Minnesota small grains fields. Although green 
foxtail populations in small grain fields are often higher than wild oats populations, green foxtail 
is not usually as competitive with small grains as wild oats. In competiton studies conducted in 
Canada, Blackshaw et a1 (7) found no clear relationship between foxtail densities and yield losses in 
wheat. For example, 1600 foxtail plants/m2 did not decrease yield of 'Sinton' wheat in 1978, but 100 
green foxtail plants!m2 decreased yield 21 to 44% (depending on wheat cultivar) in 1975. Time of 
emergence may affect competitiveness of green foxtail; foxtail that emerges within a few days of wheat 
may be much more competitive than foxtail that emerges 2 weeks after wheat. However, even the 
competitiveness of early emerging foxtail may be affecte~ by environment. Blackshaw et al (6) found 
no reductions in wheat· yield when foxtail at 600 plants/m emerged with the wheat and a period of 
cool, cloudy weather followed emergence. The weather favored the growth of wheat, a cool season grass, 
and slowed growth of green foxtail, a warm season gra.ss. 

The Canadian research also showed that green foxtail was more competitve with semidwarf wheat 
than with tall stature wheat. Reductions in growth of semidwarf wheat due to foxtail competition 
started 2 weeks earlier and were larger than reductions in growth of tall stature wheat (7). 

Herbicides which may be used for foxtail control in wheat and barley include trLfluralin, 
diclofop, and propanil. Information on use and efficacy of these compounds is available in Minnesota 
Extension Folder AG-FO-o771. Long term studies on the influence of tillage and herbicides on popula
tion dynamics of foxtail are underway in North Dakota. 
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Kochia is a highly competitive br~adleaf weed which infests small grain fields 1n Minnesot~ 

Populations of S, 7, 20, and 83 plants/m reduced wheat yield 15, 22, 30, and 58%, respectively.1 
Currently, kochia is not a widespread weed problem in Minnesota small grain fields, however, kochia 
has the potential to spread and infest large acreages in western and northwestern Minnesota. In the 
past, kochia has been considered a problem weed in late harvested crops such as sugarbeets and soy
beans. However, studies on the growth characterisitics of kochia accessions have shown that the time 
from emergence to flowering varied from 57 to 100 days among accessions (5). The potential for early 
seed production by some accessions suggests that kochia could become an increasing problem in small 
grains and flax. In addition, kochia has excellent drought tolerance and is a prolific seed producer 
(14). Kochia germinates early in the spring and this characteristic often leads to control problems. 
Kochia is susceptible to several broadleaf herbicides when young, but because of early germination, 
kocbia may be in an advanced stage of growth at the time of herbicide application, which results in 
poor control. Kochia accessions also vary in tolerance to the commonly used herbicides, 2,4-D and 
dicamba (4). Some accessions were much more tolerant to 2,4-D or dicamba than others. Thus, her
bicide rotation should be practiced to reduce the possibility of increasing populations of kochla 
tolerant to 2,4-0 or dicamba. 

Canada thistle 

Canada thistle is an aggressive, perennial weed that infests small grain fields in northern 
Minnesota and the Red River Valley. Canada thistle reproduces by seed and horizontal roots. Seed 
production is important in the long-distance spread of Canada thistle, but roots are the most impor
tant means for propagation once Canada thistle has become established in an area. Canada thistle has 
an extensive underground root system that may penetrate the soil to a depth of 10 feet or more and 
grow laterally 12 to 15 feet ina year. Root buds may occur at any position along the' roots and are 
capable of sending up new shoots when environmental conditions are favorable for Canada thistle 
growth. Root bud dormancy is a key factor limiting control of Canada thistle with herbicides. 

Information on the competitiveness of Canada tristle is limited. A survey of infested fields 
in Montana showed that populations of 1 to 3 plants/m reduced wheat yield by 12%, while 13 to 20 
plants/m2 reduced wheat yields 36%. 

Herbicides are available for Canada thistle control in small grains, but it Is difficult to 
kill an entire perennial root system with a single herbicide application. In addition, such factors 
as rotational restrictions or lack of selectivity, and expense limit the use of some of the more 
effective Canada thistle herbicides. Herbicides that may be used for Canada thistle control in small 
grains are listed in Minnesota Extension Folder AG-FO-o771. 

Research imperatives (not in priority order) 

1. Applied research on developing new herbicides for weed control ~n small g~ains and increasing the 
efficacy of currently available herbicides should continue. Proper use of herbicides in combination 
with good cultural practices provides the best means to increase production and profitability in weed
infested small grains. 

2. Cultural practices to increase the competitiveness of crops with wild oats and other weeds should 
be researched. Modifying practices such as crop seeding rate, ,fertilizer placement, planting pattern, 
row spacing, and tillage should be studied to determine effects on small grain yields and competitive
ness with weeds. 

3. Crop rotations that include winter wheat should be studied for efficacy in reducing summer annual 
weed infestations and herbicide inputs, and for economic efficiency. 

4. Weed scientists, crop physiologists, and plant breeders should .cooperate to evaluate competitive
ness of crop cultivars with wild oats and other weeds and to identify small grain growth 
characteristics which increase competitiveness with weeds. Breeding programs may then include these 
characteristics in n~w, high yielding cultivars. If cultivars were more competitive with weeds, 
herbicide inputs could be reduced. 

1 Dexter, A.G. 1986. North Dakota State University. Personal Communication. 
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5. Basic research on the mechan tsm of primary dormancy in wild oats seeds should he conducted. If the 
dormancy processes were understood, treatments could be developed to reduce the longevity of wild oats 
seed. 

6. Basic research on root bud dormancy in Canada thistle should be continued. Herbicide efficacy 
could be improved if dormant buds could be induced to take up lethal doses of systemic herbicides. 
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RESEARCH AND EXTENSION NEEDS IN SMALL GRAINS 
ECONOMICS AND GRAIN MARKETING FOCUS 

Stanley C. Stevens 

Technological advances in the laboratory or research setting do not necessarily find immediate 
application in the field. The critical criteria determining whether new production technologies do, 
in fact, become adopted production practices are regulatory and economic in nature. In some cases, 
regulatory agencies intervene with special rules to protect the public interest. Otherwise, the 
market price of the final product and the cost structure of the inputs associated with a particular 
technology determine a profit potential that signals and throttles the adoption process. 

Once regulatory requirements are satisfied, the market signals (whether they be for the product 
produced or inputs into the production process) serve as the gatekeeper determining whether research 
remains catalogued as basic research or is, in fact, applied. Technologies that become applied in 
this regulatory and economic environment carry revolutionary potential. 

LONG-TERM IMPLICATIONS OF TECHNOLOGY 

An important extension educational imperative is to improve the awareness of researchers, 
educators, and the agribusiness community of the long-term versus short-term implications of adoption 
of new technologies. The long-term implications of increased efficiency for agriculture as a whole 
are likely to be different than the short-term implications for the individual firm. It is not an 
exagBerationto say that the current adjustment in agriculture is a structural change caused by accumu~ 

lated increases in American agricultural productivity. 

As an example, consider the productivity gains in the small grains and corn. Since about 1940, 
yields of wheat, oats, barley, and corn have been increasing steadily. As of 1985, corn yields have 
increased to 402 percent of the average for the period 1900-1940 (see table 1). For wheat, barley, 
and oats the increase has been to 268, 219, and 195 percent, respectively, of the base period. 

Table 1. History of u.S. Yields: Wheat, Oats, Barley, and Corn 1900-1985 

Year Yield Year Yield 
Wheat Oats Barley Corn Wheat Oats Barley Corn 
~-bushels per acre----- ~-bushels per acre---==

1900 12.2 30.5 20.5 28.1 1945 17.0 36.6 25.5 32.7 
1905 15.2 33.0 25.8 30.9 1950 16.5 34.8 27.2 37.6 
1910 13.7 30.0 18.9 27.9 1955 19.8 38.3 27.8 42.0 
1915 16.7 37.0 28.4 28.1 1960 26.1 43.4 31.0 54.7 
1920 13.5 33.8 23.0 30.3 1965 26.5 50.2 42.9 74.1 
1925 12.8 31.9 23.5 28.2 1970 31.0 49.2 42.8 72.4 
1930 14.2 32.2 24.0 20.4 1975 30.6 49.0 43.9 86.3 
1935 12.1 30.1 22.7 23.8 1980 33.4 53.0 49.6 91.0 
1940 15.3 35.2 23.0 28.4 1985 37.5 63.6 51.0 118.0 

1900 1985 
1940 32.6 14.0 23.3 27.3 over 2.68 1.95 2.19 4.15 
rivg. avg. 

In wheat and corn, our growth in domestic utilization has just not been sufficient to consume 
all of our increased productive capacity. Except for the 1970s, the export market has been inadequate 
to absorb the difference. 

World level data strongly suggests that, in fact, the technological advances that have fueled 
the yield increases in the U.S. since about 1940 are now being applied more intensively at the global 
level. A good case can be made that the world is moving toward a more self-sufficient agriculture. 
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Witness the "Green Revolution" of India. Also, there have been large yield increases in western 
Europe, eastern Europe, China, and elsewhere. The export market environment of the 70s appears more 
and more as an ab er ratdon, caused in large part by a shift in Soviet food policy, in an otherwise Long-e 
term trend toward global selL-reliance in agriculture. 

The long-term implication for American agriculture is that technologically induced yield 
increases have translated into a necessity to downsize our agriculture when measured in terms of 
traditional resources, land, and labor. This is what the current adjustment in agriculture is all 
about, more or less a continuation of the Industrial Revolution. 

We need to view the applied research topics of this workshop in this context. The ultimate 
beneficiary of increased agricultural efficiency is the consumer in terms of a reliable supply of low 
priced food and the nation in terms of resources freed from agriculture. It is doubtful that these 
technologies offer relief to the stresses of the agricultural community that result from a market 
signal to downscale. The larger supplies inherent ill improved efficiency ultimately require an even 
larger downscaling of agriculture and more, not less, stress for the established agribusiness community. 
Benefits at the firm level are realized only temporarily. 

The larger benefits to the consumer and society do allow justification of public support for 
an adjusting agriculture. Wise use of these public funds would be toward facilitating the adjustment, 
not impeding it. Current policy is directed toward sustaining the status quo as if the current agri
cultural stress was only a temporary aberrat1onfrom the norm of the 70s. It is more likely that we 
are receiving a market signal to restructure our agriculture downward. 

In summary, it is an important extension educational task to improve the general understanding 
of the agribusiness community of the long-term implications of technological change in agriculture. 

WHEAT CLASS IDENTIFICATION 

The extent of the downsizing of u.s. agriculture in wheat production will be determined 
primarily by how well we fare in the export market competition. One important dimension to this 
competition is that of wheat class identification and quality. 

There are five main classes of wheat in the U.S.: hard red spring, hard red winter, soft red 
winter, durum, and white wheat. Each has unique milling and baking qualities and enjoys a specialized 
market accordingly. Classification and identification procedures need to operate to assure our cus
tomers that they are getting the class and quality of wheat that they intended to order. 

Current wheat breeding programs are emphasizing yield by de-emphasizing conformity to the 
criteria of the traditional classes. Newly developed varieties of wheat that have excellent yield 
potential often show characteristics in common with two or more of these traditional classes. There
fore, traditional visual criteria do not permit consistent verification of class. Breeding programs 
that select more intensely, as does Canada, to maintain the traditiona~ qualities by class suffer a 
slower increase in yield p~tential. 

In the current market environment, heavy discounts apply when traditional class criteria 
cannot be met. A new technology that permits wheat to be identified in terms of its milling and 
baking qualities is needed. If achieved, breeding programs will be able to continue with emphasis 
on yield and producers can market without large discounts because of inability to verify the milling 
and baking characteristics of the wheat. 

A new technology that has some potential is the PAGE method. In the PAGE method, the patterns 
produced by gliadin proteins upon migrating into a polyacrylamide slab gel under the influence of an 
electric current form a basis for determining the wheat variety. Knowing the variety gives knowledge 
of the baking and milling characteristics of the wheat. The problem is that the test is slow relative 
to the requirements of the ship loading industry. 
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MARKETING MANAGEMENT SOFTWARE DEVELOPMENT 

An emerging area of marketing research and development is marketing management software. There 
will likely be important innovations and applications to small grain marketing. Although the potential 
is great, the development of comprehensive marketing management software is just beginning. Some 
preliminary work has been done by William Uhrig, Purdue; William Tierney, Kansas; Gerry Campbell, 
Wisconsin; Dick Rudel, Missouri; Harlan Hughes, North Dakota; Dean Baldwin, Ohio, and Robert King, 
Minnesota. Research and development in this area is expected to intensify. 

The expected growth in research and development of marketing management software will have more 
specific data requirements than data now generally available. Cash market prices, transportation 
rates, and production costs localized to the firm or at least regional level will be needed. An 
historical data base will be needed at the local level to model the decision alternatives of the 
specific enterprise. A current data base will be needed for the operation of the marketing manage
ment aid. 

A more intensive effort in data collection and retention of wheat, barley, and oat prices, 
transportation costs, and movement patterns at the local level would be highly beneficial to the 
ultimate development and application of this emerging technology. 
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ECONOMICS OF PRODUCTION 

Vernon Eidman and Fred Benson 

The Economic Environment 

The economic and political environment will be very important to small grain producers and 
other farmers over the next decade. Large stocks of wheat and barley have developed in recent years 
and prices have faltered. Oats production and carryover stocks have declined in recent years, but 
the worldwide surplus of competing feedstuffs and the lowering of the loan rate have caused the price 
of oats to decline as'well. 

What does the economic and government program environment hold for u.s. small grain producers 
during the next five to ten years? At this point it appears to be continued large carryover stocks, 
low prices, and government programs requiring that a substantial proportion of a prOducer's acreage 
must be diverted to conservation uses for the farm to qualify for government program benefits. For 
example, a recent analysis of U.S. agricultural production, commodity prices and farm income levels 
provides a useful set of projections for consideration (Johnson, et a1., 1986). The agricultural 
sector model is based on projections of the macro economy and includes relationships depicting supply 
and demand conditions for agricultural products in other parts of the world. It assumes that the 
provisions of the Food Security Act of 1985 are followed. 

The analysis projects that u.s. wheat acreage will be reduced through large acreage reduction 
programs (ARP) and the conservation reserve (CR). The effect is to reduce planted acreage from 
75.6 million in 1985/86 to 57.9 million in 1989/90 after which planted acreage begins to expand, 
reaching 75.3 million acres in 1994/95. Domestic use is expected to remain relatively constant 
throughout the ten years with U.S. exports increasing modestly but continually over the decade. The 
average u.s. farm. price of wheat is projected to be in the $2.30 to $2.50 per bushel range for the 
crop years 1986/87 through 1990/91 and then move to the $2.70 to $2.90 range for 1992/93 through 
1994/95. Returns per acre are projected to be considerably greater from participation than non 
participation in the government acreage redu~tion program throughout the ten year period. The model 
does not project prices and production levels for barley and oats. However, it projects U.S. average 
corn prices of less than $2.00 per bushel each year for the 1986/87 through 1989/90 crop year. 
Average u.s. corn price increases to the $2.40 to $2.60 range for the 1992/93 through 1994/95 crop 
years. Other feed grain prices are expected to parallel the movements in corn prices. 

The projected price levels and acreage diversions one obtains from this and similar models 
depends on the macro assumptions and agricultural program provisions that are built into the analysis. 
For any reasonable set of assumptions one might make at the current time, however, excess capacity 
and low commodity prices prevail. The actual adjustments in production levels, exports, stocks and 
price levels over the years can be expected to be more erratic than those projected. The model 
assumes normal weather each year and relatively constant policy. Thus more erratic changes will 
undoubtedly occur over time, but with the excess production capacity, any dramatic price improvement 
is likely to be short lived. Any substantial increase in prices would increase short run profit
ability, leading to expanded production on the diverted acreage. 

The bright spot in farm level price changes is that the cost of some production inputs has 
declined - notably land rental rates, interest rates, fuel costs and to a limited extent, fertilizer. 
The cost of pesticides and land rents may decline somewhat more in the next two years, but other 
input costs are likely to remain relatively constant or increase. 

The Manager's Task 

The manager of the farm business operating in this environment must decide how to use the real 
estate, machinery, labor and other resources available to achieve his/her objectives. More specifi
cally the farmer is concerned with: (1) the combination of enterprises to produce; (2) how much 
of each to produce; (3) how to produce each enterprise; and (4) when and where to price and deliver 
the commodities produced. It is appropriate to think of the farm busIness as a system with certain 
fixed resources to be allocated in a"manner to achieve specified objectives. 
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Small grains research and educational programs should aid managers with these resource alloca
tion issues. Since small grains are typi.cally produced as one, two or perhaps three enterprises on 
the farms, the major emphasis should be on the third and fourth issues, how to produce and market 
the small grain crop(s) efficiently, given the resources on the farm. From the farmers' perspective 
efficiently means profitably and with an acceptable level of risk so that the farm business can 
continue to operate over the longer run. From society's perspective efficient production must also 
consider the environmental effects of soil erosion and water pollution. Developing highly profitable 
production and marketing systems with low risk that result in high levels of erosion and pollution 
of ground and surface water are not acceptable. Thus society will require that we consider these 
externalities of small grain production as we hE'lp farmers adjust their production systems to the 
changed economic environment. 

Current Research and Extension Activities 

Extension programs on the economics of producing small grains have emphasized the dissemina
tion of three types of information in recent years. The costs of owning and operating alternative 
sizes and types of machinery are updated annually and made available to producers (Benson and Gensmer, 
1986a). These data are used to compare the ownership of machinery with leasing and custom hire. 
The machinery cost data also are used in preparing annual projections of per acre costs and returns 
for alternative systems of producing small grains by soil area of the state (Benson and Gensmer, 
1986b). Farmers and others use the cost and return projections to compare the profitability of 
alternative production systems for small grains. The net returns for small grain systems are 
compared with similar projections for competing crops to select the combination of crops to produce. 
The third component of the extension activities is the development of materials to help farmers 
analyze whether they should participate in the government wheat and feed grain programs (Hasbargen 
and Benson, 1986). The three types of materials are made available through the county extension 
offices in electronic as well as hard copy form. 

A study of the economics of reduced tillage systems was completed for northwestern Minnesota 
(Hamida, 1984). The study analyzed the expected profitability of three alternative tillage systems 
for two 1200 acre cash grain farms: one in the Red River Valley (clay soil) and the second in the 
Fosston Till Plain area (loam soil). A four-year rotation was analyzed for each farm. The four
year rotation on the Red River Valley farm was spring wheat, barley, spring wheat (or winter wheat), 
and sugar beets (or soybeans). The rotation for the Fosston Till Plain farm substituted sunflowers 
for sugar beets in the fourth year of the rotation. The three tillage systems considered were 
conventional, chisel, and no-till. Conventional tillage in this study involved moldboard plowing 
in the fall with a field cultivator used for secondary tillage in the fall and/or spring. The chisel 
tillage system substitutes fall chisel plowing for the moldboard plow. The yields were based on the 
applicable experimental work in Minnesota and North Dakota as well as the interpretation of that work 
by several area and state specialists with the Minnesota Extension Service (Table 1). No single 
tillage system dominated the per acre net returns above operating costs (gross returns minus seed, 
fertilizer, pesticides, crop insurance, fuel, lubrication and repair costs for machinery, and drying 
costs) . 

A linear programming model was used to select the most profitable combination of crops and 
tillage systems for each farm. The highest returns above operating costs were generated for the Red 
River Valley farm with chisel tillage. Consideration of the machinery ownership (depreciation, 
interest, insurance, and housing) costs did not change this result. The Fosston Till Plain farm had 
the highest returns above operating costs with a combination of chisel tillage and no tillage. When 
machinery ownership costs were considered, shifting to all no-till systems was approximately 
$1000 per year more profitable than the combination. 

Programming models of the type Hamida developed are an effective method to analyze the profit
ability of a large number of alternative production systems for a given type of farming operation. 
When building a model one must do a thorough job of specifying activities for the relevant tillage 
systems, rotations, fertilizer levels and pesticide use. Then a programming model can be used to 
evaluate how the most profitable combination changes in response to changes in product prices, 
labor availability, land leasing arrangements, and other management considerations. These models 
can be modified to select crop rotations and production systems subject to constraints on acceptable 
levels of soil erosion and water pollution externalities. 
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Table 1: Crop yield summary as affected by tillage systems and soil type 

Crop Unit Conventional Chiael No-Till 

Red River Fosston Till Red River Fosston Till Red River Fosston Till 
Valley Plain Valley Plain Valley Plain 

Spring wheat following soybeans Bu 55 50 55 50 55 50 

Spring wheat following sugarbeets Bu 55 - 55 - NA 

Spring wheat following sunflowers Bu - 50 - 48 - 45.8 

Barley following spring wheat Bu 75 70 75 69.5 70 76.7 

Winter wheat following barley Bu NA NA 50.5 55 55 60 

I 
N 
ex> 
I	 Spring wheat following barley Bu 55 50 55 50 50 50 

Soybeans following wheat~/  Bu 30 30 30 30 30 30 

Sunflowers following wheat~/  Lbs 1600 1600 1500 

Sugarbeets following wheat~/  Tons 17 - 17 - NA 

Source: Hamida , 1984, Table 9.
 

~/ Wheat refers to either spring wheat or winter wheat.
 



A second type of model has been developed that is potentially quite useful to analyze alterna
tive production systems, particularly when risk is to be considered in the analysis (King, et a1., 
1986). The Agricultural Risk Management Simulator (ARMS) is a user-oriented stochastic budgeting 
model for considering pri~p and yield risk in whole-farm analyses of crop production systems, crop 
insurance and forward pricing decisions. This and other stochastic budgeting (or monte carlo simula
tion) models require some additional data not developed for a profit maximizing linear programming 
model. In particular it requires data on the probability distribution of yields and the correlation 
of yields for the alternative production systems being considered. The distribution of yields 
included in the model might be based on a historical series obtained from the records of a farming 
operation (as shown in Table 2) or from a long-term experiment. AR~S calculates the net return 
probability distribution for the enterprise using the projected operating cost data for the planning 
period, the yield distribution, and information on the distribution of product prices supplied by 
the user. The example in Table 2 based on actual farm yields from northwestern Minnesota assumes a 
constant wheat price of $2~50 per bushel which might be appropriate if the farmer had contracted 
grain for delivery at that price per bushel. If one assumes that each of the fifteen year record of 
yields has a one in fifteen chance of occuring one can build a cumulative distribution which describes 
the farm situation in a stochastic sense. The result is a cumulative distribution of both yield and 
net ro turns which shows an avo rage net return of $14.15 per acre and a s t anda rd deviati.on of $22.62. 
ARMS also utilizes data on cacll crop on the yll'.1d distrIbutions, price dIstrIbutions, (:orrelntl.ons of 
yields and prices, operating costs, and acreages to calculate a distribution of net returns for the 
farm. A major advantage of stochastic budgeting models is the information provided on the probability 
of achieving alternative levels of income and loss. Another advantage of ARMS (which is not 
necessarily an advantage of stochastic budgeting models in general) is that it is very user friendly 
and is designed for use by extension agents as well as by research workers and state specialists. 

Research and Educational Imperatives. 

The major need in the economics of production is an interdisciplinary study to evaluate alter
native production systems for each of the major producing areas and determine how these production 
systems should be adjusted as economic conditions change. A multidisciplinary team would be required 
to carry out several phases of this study. For example, the team would need to agree on the bases 
for comparison of the production systems. We suggest profitability, risk, and potential for soil 
erosion and water pollution be considered, since those attributes are likely to be important to 
farmers and society in general. A multidisciplinary team, of course, may develop a somewhat different 
l I nt • :·;.·t'oll(l'I 111(' 't'l1l11 wtltll(1 lIe l( ld In dt'V(llnp n t ho r ough nnn l vn I « bn~:t'd on 11\\\ r('~;('nrch rl.u n currently 
available. This analysis would pr ovLdc ou t put, that Is useful Ln extension prog r aunnl ng at the current 
time and identify areas where additional research is required. Third, the team would need to 
reevaluate the analyses as additional research is completed and/or economic conditions change. This 
third phase would provide updated recommendations for extension programming. 

There are several reasons a multidisciplinary team is needed to lead this research effort. 
Selecting the attributes to use in comparing systems and the methods of measuring them is an inter
disciplinary topic. Even if we agree on the important attributes to measure, the expertise of 
several disciplines is required to develop the most appropriate set of measures. Existing research 
can be evaluated more effectively by an individual familiar with the discipline than by someone out
side. Thus, interpreting existing research for use in developing the input-output data for produc
tion systems requires a multidisciplinary effort. When gaps in existing research are found, a member 
of the discipline required to do the research is more likely to articulate this research need more 
effectively. 

Previous efforts to evaluate crop production systems suggest three general recommendations for 
research in the::$ production disciplines. We anticipate that an extensive interdisciplinary effort of 
the type outlined above would identify a number of specific examples of each type for disciplinary 
study. 

One of these recommendations is that research be conducted to more completely specify the 
shape of relationships within the relevant range for economic adjustment. For example, knowledge 
of the yield relationship over the relevant range of fertilizer application, (i.e. the range of 
recommended use for economic conditions likely to prevail) is required to advise producers on the 
most profitable adjustment as prices of fertilizer and small grains change. Elementary economics 
indicates the amount of fertilizer applied should decrease (increase) as the price of the commodity 
decreases (increases) and/or the price of fertilizer increases (decreases). Farmers generally 
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Table 2:	 Sample Yield and Net Return Distributions 

for Spring Wheat 

Yield Net Retur~1 
Year Bu/Acre Per Acre-

1971 36.10 $ 24.72 

1972 17.61 -20.21 

1973 37.60 28.3.7 

1974 26.50 1.40 

1975 36.95 26.79 

1976 25.56 - 0.89 

1977 15.48 -25.38 

1978 42.24 39.64 

1979 36.00 24.48 

1980 41.10 36.87 

1981 29.21 7.98 

1982 17.73 -19.92 

1983 48.07 53.81 

1984 33.72 18.94 

1985 32.36 15.63 

Mean 31.75	 14.15 

Standard 
Deviation 9.31 22.62 

~/Net	 Returns Per Acre = 2.50Y - $63 - .07Y 
where Y = yield in bushels per acre 
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understand the direction of the adjustment, but they sometimes make a much larger change in input use 
than is appropriate. Conducting experiments with more input levels in the relevant range would pro
vide the data to more accurately estimate the shape of such yield functions. 

The second recommendation is that more effort be given to estimating the effect of changing 
input levels on the form of the yield distribution and the risk associated with the level of input 
use. Changing the tillage system, the level of fertilizer or pesticide applied may affect not only 
the mean yield, but the variance, skewness and kurtosis of the distribution. We need to do a better 
job of capturing data on the yield distribution and incorporating that in our analyses. This requires 
the development and recording of historical data. Some data is available from research and much data 
is available from farmers through their use of record keeping systems. However, the gathering and 
utilization of this data is not always an easy task so efforts should be made to archive this data 
in order to make it more readily available to research and extension workers. A discussion of 
methods to estimate how yield distributions differ for alternative systems of production and the 
response of growers with alternative risk preferences is the topic of another set of papers, but it 
is a topic we should address in the near future. 

The third recommendation is that attention be given to developing broader research projects 
that consider the interaction among the major factors under the farmer's control. Some studies 
consider the interaction among several factors such as tillage system, rotation, and fertilizer 
level. (For example, see Lamb, et a1., 1986.) These studies are more helpful when focusing atten
tion on the system as a set of interrelated parts or elements. Research studies that consider two 
to four levels of one or two factors may make establishing statistically significant results less 
difficult, but it makes interpretation of the response when other factors change more difficult. 
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SMALL GRAIN DRYING AND STORAGE 

Harold Cloud and Vance Morey 

Introduction 

The artificial drying of small grains is becoming more popular because it increases available 
combine time and helps reduce the weather risks associated with leaving the grain in the field until 
safe storage moisture contents are reached. The reduction in grain quality as a result of adverse 
weather conditions during the final stages of field drying can be especially damaging in wet years. 
All methods of artificial drying are presently being used. These include all types of high tempera
ture bin, batch, and continuous flow dryers, either alone or in combination with improved modifica
tions such as dryeration, in-storage cooling and combination drying. The use of ambient air drying 
for small graing is increasing. 

Reduction in grain quality during storage remains a serious problem. The installation of 
adequate aeration systems in all grain storage, together with proper monitoring and management of 
the system will drastically reduce storage losses and deterioration in quality due to mold develop
ment and stored grain insect infestations. Proper grain temperature control during storage is vital 
to maintaining quality. 

Storability of Grain 

The storability of all grains is affected mainly by moisture content, temperature, and seed 
damage. Deterioration of stored grain is primarily due to mold growth and insect infestation. 
Within the normal range of temperatures (25 to 100 degrees F.) and grain moisture contents (10% to 
20%), higher temperatures and increasing seed damage will incre~se the deterioration of stored 
grain. Extensive research at Iowa State University determined the effect of moisture content, 
temperature, and kernel damage on the rate of deterioration of shelled corn. Unfortunately, such 
research has not been reported on small grains. Most efforts to quantify these relationships for 
small grains appear to be extrapolations of the research on shelled corn. 

Figure 1 is reproduced from "GRAIN AERATION AND UNHEATED AIR DRYING", a Mani.toba Department 
of Agriculture publication authored by o. H. Friesen and D. N. Huminicki. 
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Figure 1.	 Effect of Temperature and H:>isture Content on the 
Allowable Storage Time of Wheat, Oats, and Barley. 
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At the present time this appears to be the most definitive effort to quantify the storability 
of small grains. At first glance, some would question the reliability of this data since it classi
fies 15% moisture content small grain at 50 degrees F. in the "safe storage" category. Based on 
field experience with properly managed aeration systems and limited research on the natural air 
dtying of small grains, in addition to the work on shelled corn, the storage life of small grains 
when maintained at these conditions is sufficient to call them "storable" for extended periods. 
"6ased on this data, the "storability" of small grains up to 18% moisture content, when maintained at 
temperatures consistent with Minnesota harvest conditions, will provide extended time for further 
arti ficial drying to "safer" level s; 

High Speed Drying of Small Grains 

One way to dry grain is to apply relatively high levels of heat and rapidly reduce the 
moisture content to the desired storage level. This method of drying is commonly called "high
temperature" or "high speed" drying. The grain can be cooled in the dryer before being delivered to 
storage. However, dryeration and in-storage cooling are now being used for small grains as well as 
corn. In these processes the grain is transferred hot (not cooled in the dryer) to a cooling and/or 
storage bin for cooling. 

In dryeration the grain is allowed to temper or "steep" in a cool ing bin for several hours 
before it is cooled. After the grain is cooled it is transferred to storage. If it is left in 
storage after tempering and cooling, particularly in cold weather, there is the potential problem of 
spoiled grain on the bin walls as a result of moisture condensation. If the grain is to be left in 
storage in the same bin where it was cooled, the cooling fans should be started immediately to 
minimize the potential condensation problems on the bin walls. This is commonly called in-storage 
cooling. The advantages of dryeration over in-storage cooling are improved grain quality and more 
moisture (possibly an additional 1%) removed in the cooling process. The main disadvantage is the 
extra handling operation. 

Special consideration must be given to the drying air temperatures for small grains. Gen
erally, considerably lower temperatures should be used for small grains than are commonly used for 
corn. For seed grains, 110 degrees F. is normally recommended. In high airflow, narrow column 
dryers (batch or continuous flow) or recirculating batch dryers it may be possible to maintain 
germination with somewhat higher drying air temperatures (120 to 130 degrees F.). The same con
siderations hold for malting barley. For market wheat, drying air temperatures of ISO to 160 
degrees F. are commonly used in the high airflow column dryers. In the lower airflow bin dryers, 
the drying air temperatures should be reduced to 110 to 120 degrees F. 

Natural (Unheated) Air Drying of Small Grains 

With natural air drying the grain is dryed in the storage bin over an extended period of 
time, possibly as long as 4 to 6 weeks, depending on moisture content, airflow and weather condi
tions. The bin must be equipped with a full perforated drying floor and a fan capable of delivering 
3/4 to 1 cubic foot of air per minute (CFM) per bushel of grain in the bin. Research at the 
University of Minnesota, partially supported by the Minnesota Wheat Research & Promotion Council, 
concluded that small grains up to 18% to 19% moisture content could be safely dried with these 
airflows. 

Figure 1 shows an allowable storage time of 80 to 240 days for small grain in the 15% to 17% 
moisture content range with temperatures in the range of 50 to 65 degrees F. The average 24 hour 
temperatures in the Red River Valley, following small grain harvest, falls within this range. 
Although normal storage aeration airflow rates of 1/10 CFM per bushel would not be recommended to 
handle these moisture contents, the 3/4 to 1 CFM per bushel normally used in natural air drying bins 
may not be necessary. Research is needed to determine the airflow requirements and management 
techniques to safely reduce 15% to 18% moisture content small grains to long term safe storage 
moisture contents. Airflow rates of 1/4 to 5/8 CFM per bushel can be obtained in small grain 
storage bins with reduced fan size and without the necessity of full perforated drying floors. 
Reduced weather risks and improved grain quality may be possible with little Lncre a se in costs 
through these airflow systems. 
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Grain Storage Aeration 

Properly designed and managed storage aeration systems improves the storability of grain by 
maintaining cool, uniform t emper a t ure s throughout the storage to reduce mold development and insect 
activity and to minimize moisture migration. Aeration changes the temperature of stored grain in 
response to seasonal temperature changes and maintains uniform temperatures. The airflow necessary 
to prov ide proper temperature control of dry' storage grain is much less than that required to dry 
grain. One-tenth cubic foot of air per minute per bushel (CFM/bu.) is generally recommended for 
storage aeration. This airflow will change the temperature of a bin in approximately 150 hours of 
fan operation. Aeration is not a grain drying system and must not be considered as such. Some 
changes in grain moisture content will occur as a result of the heat removed during cooling and the 
possible drying capacity of the ambient air. During cooling, the moisture content will be reduced 
about one-fourth percent for each 10 degree F. reduction in grain temperatures. 

The purpose of aeration is to maintain a relationship between storage and outside 
temperature that will minimize moisture migration and keep grain cool. Figure 2 shows the average 
monthly temperatures at Windom and Hallock, Minnesota. The recommended temperature le~els of 
stored grain throughout the year are also shown. 
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Figure 2. Recommended Grain Aeration Schedule for Minnesota. 

The main problem associated with grain storage aeration is educational. There is a lack of 
understanding of the process due to many misconceptions which have become accepted as "matter of 
fact" over the years. The principle reason for poor aeration management is the lack of adequate fan 
time. Understanding the aeration process, adequate fan time and proper monitoring of the grain 
temperature and condition are the keys to successful aeration management. 

Research Needs in Small Grain Drying and Storage 

The field losses and reduction in quality associated with the final stages of field drying 
and weather conditions should be more clearly established. Will the harvesting of small grains at 
15% to L9% moisture content reduce field losses and improve quality enough to make it profitable 
over the long term? The artificial drying of small grains is now generally considered to be an 
emprgency measure to be used only in wet years. 
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The drying of shelled corn has been heavily researched over many years. This research has 
centered on the various drying processes, energy requirements, and grain .quality. More research 
effort should be extended in these areas of small grain drying. The airflows required to dry 15% to 
18% moisture content small grain should be more clearly established. 

Research on air distribution in aerated storages is needed to assist in better system design 
including duct sizes, surface openings, spacing, etc. The rate of moisture movement and temperature 
changes in stored grain is needed to more clearly define proper aeration management and the need and 
procedure for monitoring methods and systems. 
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INSECTS IN SMALL GRAINS 

David Noetzel 

Current Status 

We can divide insect damage in small grains in Minnesota into two categories, namely direct and 
indirect damage. The former can be caused by soil insects, (eg. wireworm), sap feeders (eg. aphids), 
and/or defoliators (eg. armywo~, grasshoppers). In contrast indirect damage is caused by aphid 
vectored viruses. Virus damage was moderate to severe in commercial oats and barley in 1986 but 
annually tends to be more a problem in breeding and experimental plots in Minnesota. 

Damage done by resident insects (ie. primarily wireworm, grasshoppers and Hessian fly) is 
generally negligible. Protection of the seed from wireworm, and miscellaneous minor soil insects can 
be achieved with insecticide seed treatment. It is difficult to show significant yield benefit from 
such seed treatment but minor stand improvement is readily documented. Because wireworm presence is 
not eas11y monitored and damage not predictable, and seed treatment cost is so modest it seems just 
good management to treat seed with insecticide. 

Grasshopper presence is easily monitored through field inspection. Action levels of 8 adults 
or 32 nymphs per square yard are of solid quality and insecticide selection and efficacy are superb. 

Hessian fly has occasionally been present in significant numbers particularly in late planted 
wheat. Hessian fly resistant cultivars are available. However the up and down nature of the 
incidence of Hessian fly is such that breeding programs stressing development of plant resistance to 
Hessian fly may not be economical. Soil systemic insecticide use as a preventive is certainly not 
presently justified. 

Aphids and armyworm are migrants to Minnesota. Each causes some economic injury perhaps one 
year in 3-5 someplace in Minnesota. Their arrival and success are not predictable. Aphid presence 
and number are susceptible to monitoring by visual examination of the plant. Light trap collections 
provide an early warning for armyworm with final control decisions based on field counts. Generally 
growers either under-react or over-react to t~ese insects. In either case the loss to the grower is 
greater than proper monitoring should permit. 

Insecticides presently labeled on small grains for control of especially aphids and/or armyworm 
are restricted use materials and have, for the most part, high mammalian toxicity. However use 
suggests an outstanding grower and applicator understanding of the hazards involved with the result 
that few insecticide incidents have occurred. 

Future Research and Extension Needs 

Two insects in small grains new, or potentially new, to Minnesota were in the news in 1986. 
Cereal leaf beetle was reported for the first time in the state. It is more commonly found in oats 
and has not achieved the pest status in the east predicted for it. Hqwever it should be surveyed in 
the years ahead. 

The second new insect, the Russian wheat aphid, has apparently greater potential for injury to 
small grains. It too is a migrant from southern small grain growing areas and is more damaging to 
small grains, especially wheat, than is the green bug. At the present,time some current aphicides do 
apparently prOVide control. Research on damage and control will undoubtedly be easier in southern 
grain producing states where the aphid is present throughout the growing season. Again survey and 
monitoring are essential to provide early warning of this pest. 

We presently have good action levels for our major pests in small grains. However with the 
exception of aphids we do not have interaction studies of insect damage vs moisture shortage, 
fertility levels, and the like. Because insect problems are relatively minor in importance in small 
grain and because such studies are rather complicated or expensive this would not seem a high priority 
research area at this time. 
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There is a need for additional registrations of safer insecticides on small grains nationwide 
as well as in Minnesota. Again the problem is the lack of a market because small grain pest problems 
are relatively minor. It is the sales potential which drives this entire process. 

Future directions in extension include continued emphasis on knowledge of the insect biologies, 
adherence to crop pest management principles, improved monitoring, improved use of insecticide and 
early warning of potential problems both for old and new insects. Finally insecticide control studies 
of all small grain pests should be on-going so that when a test opportunity arises it can be captured. 
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FOLIAR DISEASES-WHEAT 

D. V. McVey and J. F. Schafer 

1. Background and current status of research 

Stem Rust: Research of wheat foliar diseases at the University of Minnesota has in the past been 
primarily directed toward resistance to stem rust (Puccinia graminis f. sp. tritici)t the historic 
devastating disease of the area. This has been accomplished by the ~~nual creation of artificial stem 
rust epidemics involving many races in the breeding nurseries and selection of resistant progenies in 
the field. This has led to the development of wheats with many genes for stem rust resistance. A 
number of the resistant spring wheat cultivars are known to possess at least six genes for resistance. 
The highly successful 'Era' is believed to have incorporated 11 such genes. This broadly based genetic 
resistance in most of the spring cultivars has proven extremely $ucce$sful and there has not been an 
epidemic in the commercial crop since 1954, in spite of major amounts of incoming inoculum several 
years since then. 

Leaf Rust: A number of effective leaf rust resistant cultivars also have been developed in the 
past, including Chris, Era, and several others. However, over the last five years an increased effort 
has been made to broaden the resistance of Minnesota wheats to leaf rust (P. reco~dita f. sp. tritici). 
This effort has been directed toward the identification of genes for resistance to leaf rust in the 
breeding program and the introduction of new sources of resistance. 

Other diseases: Tolerance to scab (Fusarium spp.) from wheats from China and Europe, which 
possess reduced susceptibility, is also being introduced into the breeding program. Selection of 
materials with resistance to tan spot (Pyrenophora trichostoma), Septoria leaf and glume blotch 
(Septaria ~ritici, Septoria nodorum) , and bacterial leaf blight (Pseudomonas syringae) has also been 
included as a portion of the disease resistance breeding program. The effort on diseases other than 
rusts was greatly reduced with the loss of the wheat non-rust pathology position in the retrenchment 
in 198J. 

2. What needs to be done 

Stem Rust: The continued use of the artificial stem rust epidemics using a multitude of races 
under which the broadly based resistant material is selected is needed. A continued testing of 
seedlings to determine which genes are present is also needed•. 

Leaf Rust: We need to broaden the virulence spectrum and increase the use of artificial 
epidemics of leaf rust under which selection of resistant material to that disease is made. This is 
done so as to lead to the pyramiding of genes (multigenes) for resistance to leaf rust as has been done 
for stem rust. The genes for resistance to leaf rust in use need to be known as does the virulence(s) 
present in the natural rust populations so that appropriate resistance genes can be combined to 
continue the protection of our wheats against these two pathogens. 

Other Diseases: A more concerted effort is needed to obtain understanding of the mechanism of 
resistance to scab. New sources of resistances, both to scab and the foliar diseases are needed, as 
well as determining if resistant sources are different, and transferring the resistance into the 
breeding program. 

Support of Private Breeding: It appears that breeding of wheat may gradually move into the 
private sector over the next decade. With their shorter range view, it is our opinion that the disease 
resistance phase of breeding may likely suffer at least in the immediate period unless more attention 
is given to it. For example, in 1986, a year of heavy stem rust inoculum, it was found that several 
commercial wheat cultivars did not have adequate stem rust resistance. If such cultivars had 
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predominated there would have been a massive wheat stem rust epidemic. 

In the broad goal of getting superior rust-resistant cultivars available to farmers, we believe 
that some intermediate public services should be made available to the private (and public) breeders 
on a self supporting basis. This could be administered through the Plant Disease Clinic and could take 
the form of testing breeders' advanced lines for resistance. A fee could be arranged so that the Clinic 
service is essentially self supporting. Other relations may need to be negotiated in respect to 
information on parentage of breeding lines and confidentiality. 

We believe that the possibility of such a service should be explored with private breeders to 
determine if there is interest. Personnel of the Cereal Rust Laboratory could train and supervise 
Clinic staff in the early phases of such a program. 
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FOLIAGE DISEASE OF BARLEY 

Roy D. Wilcoxson, 

Barley has many foliage diseases most of which may occur in Minnesota. Stem rust and spot 
blotch have been important in the past but they are presently controlled by the use of resistant 
cultivars. Net blotch is at present an important disease being prevalent in areas or seasons when 
weather is cool and moist. Sources of resistance to net blotch are known and these sources are being 
used in an effort to develop resistant cultivars. 

Kernel discoloration, leaf rust, and loose smut also occur in Minnesota and are considered to 
be important. Sources of resistance to kernel discoloration and to leaf rust have been identified and 
germ plasm enhancement programs are underway to transfer the resistance genes into agronomically 
useful lines that may serve as parents or as cultivars. Resistance to loose smut is being sought. 

Other foliage diseases of barley may occasionally "occur in Minnesota but control measures are 
not considered to be necessary. 

Control of barley diseases by means of fungicides has been evaluated for many years. The use of 
protectant type fungicides on the new cultivars that carry spot blotch resistance is not usually 
profitable but these fungicides may be useful when leaf rust or net blotch occur. Systemic fungicides 
have been evaluated and may be useful if they are cleared for commercial use. 

In the future several kinds of studies should be made. 1) A search should be made for different 
sources of resistance, especially for resistance to spot blotch and stem rust. The I-gene is the 
principle gene for stem rust resistance and the line Bl12 is the main source of resistance against 
spot blotch. 2) Studies are also needed on the virulence of different isolates of the spot blotch and 
net blotch pathogens. In the past such studies have been limited in scope because of a lack of 
resources. 3) Kernel discoloration is caused by a complex of fungi and bacteria. The relative 
importance of the microorganisms involved needs to be studied along with the virulence of individual 
isolates of the most important pathogens of kernel discoloration. 4) Future studies should also 
include an evaluation of the development of foliage diseases of barley when different cultural 
practices such as continuous cropping, crop rotation and minimum tillage are used in association with 
fungicides and improved barley cultivars. 

References 

1.	 Mathre, D.E. 1982. Compendium of barley diseases. American Phytopathological Society. St. Paul, MN. 
78 p. 

2.	 Miles, M.R., and R.D. Wilcoxson. 1986. Kernel discoloration of barley. pp. 145-155. In: Vistas in 
Plant Pathology. A. Varma and J.P. Verma (Eds.), Malhot"ra Publishing House. New Delhi, India. 

3.	 Rasmusson, D.C., and R.D. Wilcoxson. 1983. Registration of Robust barley. Crop Sci. 23:1216. 

4.	 Steffenson, B.J., R.D. Wilcoxson, and A.P. Roelfs. 1985. Resistance of barley to Puccinia graminis 
f.	 sp. tritici and Puccinia graminis f. sp. secalis. Phytopathology 75:1108-1111. 

5.	 Wilcoxson, R.D., D. Warnes, and J. Wiersma. 1986. Spraying barley with Dithane M45 in Minnesota. 
Department of Plant Pathology Minneograph Paper. University of Minnesota. St. Paul, MN, 3 p. 

-40



FOLIAR DISEASES-OATS 

J. F. Schafer 

1. Background and current status of research 

The oat crop across the United States has decreased in recent years but has become concentrated 
in the northcentral states. About 70% of the present u.s. oat production comes from the six most 
northcentral states with Minnesota second in production, with about 1.5 million acres producing about 
100 million bushels of oats annually. With this concentration of the crop in this area, research 
including pathology, becomes a significant regional and local responsibility. 

Research on oats has decreased very significantly from earlier years. Plant pathology research 
is currently limited to the rusts and smuts. Dr. Paul Rothman has worked full-time on oat rust research 
in Minnesota for 20 years but retired on September 30, 1986. At the time of this writing his position 
has been closed. Dr. Roy Wilcoxson, primarily a barley pathologist, spends a small portion of his time 
on oat smut research. This is largely as a participant in the disease resistance segment of the 
Minnesota oat breeding program. 

Crown Hust: As a result of the oat rust research, all of the newer Minnesota eultivars possess 
some intermediate level of general resistance to crown rust. This research has utilized the alternate 
host (buckthorn-Rhamnus spp.) crown rust testing nursery, a totally unique operation in the United 
States. However, with the retirement several years ago of M. B. Moore, the crown rust research program 
was reduced. 

Stem Rust: Dr. Rothman has conducted an extensive interspecific hybridization program to bring 
stem rust resistance from lower ploidy species into commercial oats. He has made nu~erous germplasm 
releases, and sent several hundred experimental lines to the National Small Grain Collection. Two 
cultivars with a parentage from his lines have been released in the South, and a few breeders advanced 
lines possessing this resistance have been entered into uniform oat performance nurseries. 

Smuts: As a result of the oat smut research, all of the recent Minnesota cultivars possess 
moderate to high resistance to the smut diseases. However, several very high yielding cultivars from 
other states have been grown and have given a smut problem. 

2. What needs to be done 

Rusts: As the historic center of much of the oat rust research of the U.S., Minnesota should 
continue to aggressively pursue this program. Both crown and stem rust continue to cause economic 
losses. Durable resistance to both rusts that will withstand heavy levels of inoculum is needed. 
Present program should be continued, both in its applied ph~ses and in background research. Studies 
are needed on improving the strategies of obtaining and utilizing resistance so that it remains 
effective over long periods of time. Research should be identified to the extent that all cultivars 
possess long-lasting resistance to both rusts. 

Smuts: Appropriate testing of breeding materials and related research should be continued. All 
cultivars should he resistant. 

Yellow Dwarf: Interaction with the ARS research and service program at Urbana~ Illinois, should 
be intensified so that all subsequent cultivars possess a high level of resistance. 

Other Foliage Diseases: A large enough oat pathology program should be maintained so that there 
is time to regularly monitor the total oat disease situation. From this, diseases presently considered 
to be minor can be evaluated over time. Those that are determined to be of economic significance 
should then be studied further, and resistance or other control measures developed • 
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SOILBORNE DISEASES OF WHEAT AND BARLEY 

Carol E. Windels 

Background and current status: 

Soilborne fungi cause seed rot, seedling blight and root rot of cereals. Several fungi can be 
involved, either singly or in a complex. Common root rot, or dry l.and foot rot, is prevalent in the 
region. Annual losses vary hut are estimated at 61:: for wheat and 1.0% for barley. f,?_~!~i}_i~bolus ~ativus 

is the most common pathogen, but ~~l!.sarium ~~na~eu"!., !. culrno_rum and l~. ~mit:learum, alone or together 
with C. sativus also occur. Seedling blight originates from soil- or seed-borne inoculum and seedlings 
may be killed or stunted. A disease index, based on the amount of discoloration of the subcrown 
internode is used as an indicator of root disease. Symptoms on roots develop throughout the growing 
season but development is dependent on warm temperatures and mo~sture stress. Severely infected plants 
occur randomly or in irregular patches, are stunted and lighter green than surrounding plants, mature 
early, produce fewer tillers and shrivelled seed. When soil moisture is not limiting, infected plants 
may compensate by producing more kernels per head with increased kernel weight. 

Balanced and adequate soil fertilization, shallow planting, hybrid selection and seed treatment 
fungicides reduce disease. Chloride fertilization may reduce root rot but it does not always increase 
yield. Bacteria antagonistic to C. sativus may occur in the rhizosphere of resistant, but not 
susceptible, wheat varieties. 

Pythium spp. occur throughout the world and caused major losses in northern USA and Canada 
prior to 1950. Since then, adequate fertilization, particularly with phosphorus, has greatly reduced 
the disease. Recent soil fumigation studies in Washington indicate that pythium spp. may cause 15-20% 
yield losses in apparently healthy winter wheat. 

Take-all, caused by Gaeu~nnomyces ~minis var. tritici occurs in some fields in Minnesota and 
North Dakota. Plants withstand mild infection, so losses can go unnoticed, but severe infections 
reduce yields >50%. The most obvious symptom is white heads but roots are brittle and a black-brown 
dry rot extends to the crown and basal stem, and superficial dark mycelial strands develop beneath the 
lowest leaf sheath. The disease is favored by alkaline, compacted, infertile, poorly-drained soils. 
Ammonia-nitrate and chloride suppresses take-all. A phenomenon called "take-all decline" occurs when 
wheat or barley is successively cropped due to an increase in populations of bacteria antagonistic to 
G. ~~~1!is. These bacteria have been shown to colonize wheat roots and suppress take-all. 

!~~~~il1l!!., ~urvul<:lr~_, Al t e rnarLa , "lle11~_[_~t:!~-?sporiumlt and ~JH)Ina may be saprophytic or weakly 
pathogenic. Most strains of mlizoctonia solani from cereal roots are weak pathogens, although some 
cause an elliptical sheath spot (sharp eyespot) at the base of wheat. Little is known about the 
activities of so called 'minor pathogens' on root tips, epidermal and cortical cells. These organisms 
cause little or no visual damage but they may affect yields by affecting nutrient uptake and movement, 
by producing toxins, and by influencing root colonization by pathogenic or beneficial microbes. 

There is a limited amount of information on how conservation tillage affects root diseases. 
Reduced tillage may retard seed germination and seedling development and be conducive to damping-off 
and root diseases by causing changes in the kind, rate, and time of fertilizer application; pesticide 
use; plant spacing and other practices. It may also result in more plant debris on the soil surface 
which may affect survival of pathogens. In wheat, reduced tillage has decreased take-all and increased 
Pythium root rot, but much more information is needed on these and other diseases. Reduced wheat 
yields in no-till fields may be due to deleterious rhizobacteria which are cold-tolerant, and 
aggressive colonizers of winter wheat roots. 

Future needs: 

There are interrelated areas needing research. (1) The effect of tillage practices and 
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management practices on root rot pathogens; (2) The role of 'minor pathogens' on cereal roots and on 
plant growth and yield. 
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WHAT ARE WE DOING TO IMPROVE GRAIN STORAGE METHODS? 

Richard A. Meronuck 

Educational programs have increased the awareness of the importance of using good grain storage 
practices. Catastrophic losses of grain due to severe infestation of insects and/or fungi have in some 
cases signaled the need for more prudent use of these practices. 

In Minnesota we have a very active Extension Program in grain storage management. Extension 
specialists in the Department of Agricultural Engineering, Entomology and Plant Pathology have held 
numerous meetings in the state solely on the subject of grain storage management. Publications on the 
significance of insects, rodents and 'fungi are used in these programs. Video tapes on grain storage
mold and insect prevention have been produced and have been shown in many high school classes, county 
meetings, short courses and on public television. Other video tapes are now being produced on aeration 
management and the economics of good storage practices. Publications on drying, aeration management 
and grain storage structural design are used to promote methods which prevent infestation- by fungi and 
insects. These educational efforts are showing results. Producer requests for mycotoxin analysis have 
resulted in intelligent decisions in altering rations containing mycotoxins. Large poultry and hog 
producers are taking more care in keeping moldy grain out of their rations. Grain preservatives such 
as propionic acid and ammonia have been used successfully in preserving grain used in feeding 
operations. 

This educational contact has resulted in the installation of new drying and aeration equipment. 
It has resulted in the adoption of drying techniques such as "dryeration", where drying is done in a 
high speed dryer, transferred hot to a dryeration bin where it is allowed to temper for 4-6 hours then 
co~led slowly; and to low temperature drying where corn at moisture contents of 22% and lower (for 
Minnesota temperatures) is dried using high volume ambient air. It has also resulted in the 
installation of temperature detecting equipment in new and existing bins. This equipment will range 
from a single thermistor to a series of thermocouples that are monitored manually or automatically. 
Fungus analysis is used to determine the storage history and future storability of a given lot of 
grain. Consulting firms are offering grain monitoring services that include recommendations on the 
control of fungi and insects. Research programs have been the ultimate source of information for these 
efforts. 

Investigators in many states and other countries are involved in the various aspects of grain 
storage/mycotoxin research. A regional research project (NC-151) has been organized to attempt to 
bring these various investigators together so that the information can be integrated. The 
investigators in this group' have produced a vast amount of useful information in this field. Special 
projects involve moisture content analysis, grain breakage testers, grain grades, insects, fungi, 
rcsist<lnce to fungus infection, grain transit, fumigation and mycotoxin analysis, just: to mention a 
few. These projects have improveJ existing testing procedures and promoted greater uniformity in test 
results. They will ultimately improve the quality of grain throughout the world. This project includes 
participants from industry so that all participants benefit not only from academic research but by 
industry research and experience. 

Grain storage research and educational programs must continue so that we can protect one of our 
most precious commodities, our stored grain. This work is also very important in underdeveloped 
countries as well as our own. The Green Revolution has helped in the production of cereal grains, now 
we need to do all we can to preserve these valuable stores of grain wherever they exist. 
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CEREAL DISEASE CONTROL PROGRAM - EXTENSION PLANT PATHOLOGY 

Howard L. Bissonnette 

Clean seed, disease resistant varieties, and the use of a seed treatment fungicide are the 
first steps in the disease control program. A minimum of two foliar fungicide applications are 
recommended during the growing season for most wheat growing areas of the state. An additional 
consideration that will influence disease control is the decision on whether to plant wheat on plowed 
land or on reduced tillage land. The inoculum for the various leaf spotting diseases and scab persist 
from one season to th~ next on infeGted plant debris therefore, planting on clean, plowed, soil is the 
preferred disease control recommendation. When the grower makes the decision to follow a minimum 
tillage program, then extra concern should be given to foliar fungicide treatments. 

Foliar fungicides have been used by progressive cereal growers for more than 20 years in the 
Red River Valley. On-farm field research over this period shows that 15-20% of the crop is usually 
saved as a result of this practice where maximum yield production methods have been used. Thus for 
disease control practices to be practical, a grower should be utilizing a maximum yield production 
program with his crop. Foliar fungicidal disease control success is dependent upon the fungicide 
application technique and the timing of the application. It, is ~lso dependent upon the presence and 
quantity of disease inoculum and the environment. 

Two techniques of fungicide application are recommended. First, aerial application is by far 
the most connnon technique used. Aerial application to be successful involves: 1) a uniform spray 
swath, 2) application at crop height, 3) 5 gallons of spray mixture per application, 4) two pounds per 
acre of Mancozeb plus spreader-sticker per application, 5) two applications, early heading and 10 days 
later. The second technique involves the use of a high pressure ground sprayer. Special sprayer units 
with 70 to 80 feet long booms and high pressure systems are being used by a few growers. High pressure 
is defined as being in excess of 200 psi and requires 20 gallons of spray mixture per acre. 1be 
timing is the same as for aerial application. Low pressure, weed sprayers, do not do the job. Ground 
spraying involves the tram line system and usually sacrifices two rows of wheat per swath. 

In general, all of the Spring and Winter wheat varieties are susceptible to the leaf spotting 
diseases: Tan Spot, Septoria Leaf Blotch and Helminthosporium leafspot. After tlle 1986 season we may 
have to include leaf rust. 

What has been done by Extension Plant Patho~? Through the cooperation of the agricultural 
chemical industry, local agricultural business, aerial applicators, progressive growers and the county 
agricultural agents, on-farm, in-field applied research has been carried out in the Wabasha and 
GoOdhue counties in the southeast (Dawson, Minnesota), southwest, and in all counties of the northwest 
and central wheat growing counties including Roseau and Lake of the Woods County. 

The on-farm research usually consists of ten acre strips of treated and untreated areas of 
growers' fields. Yield measurements are made by harvesting with a direct cutting plot combine. At 
certain locations, comprehensive experiments include several varieties, fertilizer applications, 
tillage practices, growth hormone applications and fungicide applications. 

Since 1960, Extension Plant Pathologists have held aerial applicator spray pattern clinics 
throughout Minnesota and North Dakota. These clinics are held in early spring, usually at 4 to 6 
locations. The aircraft spray pattern is identified and adjustments are made to insure a uniform spray 
swath. As a result of these clinics, a new airfoil boom has been developed that reduces air drag. The 
hoom is mounted below and in bark of the trailing edge of the wing and the nozzles arc not used heyond 
2/3 rods of the semi s pan , These changes have Imp roved the spray pattern and reduced pl'sliciue drift. 

What is needed: 

1) Plant Pathology faculty positions, with responsibility for wheat and oat diseases. 

2) A research project on epidemiology of leaf spot diseases. 
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3) Current information on disease resistance in public and private varieties. 

4) Additional research on cereal root rot diseases. 
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ISOLATED BARLEY TISSUES FOR INVESTIGATING HOST-PARASITE INTERACTION 

w. R. Bushnell and R. J. Zeyen 

The epidermis of the inner surface of the tubular barley coleoptile is readily separated from 
underlying tissues. We are using this tissue to observe host response to infections by Erysiphe 
graminis f. Spa hordei in living tissues of both susceptible and resistant barleys. As the fungus 
penetrates the host cell w~ll, host cytoplasm aggregates at the site of attack and deposits a papilla 
that seems to wall out the fungus. We have timed this response in relation to fungus development and 
are learning how cations and other treatments modify the response. V. Russo is comparing the papilla 
response to wound plug formation cytologically. The role of silicon deposition in relation to 
effectiveness of the papilla response is being evaluated in both coleoptile tissues and in leaves. 

As the fungus enters a host cell, it can induce hypersensitive death of the cell if resistance 
genes such as MIa are operating. Collapse of the host cell is preceded 1-2 hr by a halt in cytoplasmic 
streaming. Using micropipettes, V. Russo is removing cell sap and cytoplasm from invaded cells and 
injecting these materials into other cells in a search for possible toxins involved in the 
hypersensitive response. 

Microinjection methods are also being developed to introduce DNA into cells or protoplasts with 
either pressure or iontophoretic controlled flow. These techniques will be used in cooperative efforts 
to obtain genetic transformation of cereals by injecting individual walled cells and also to develop 
methods for genetic transformation of powdery mildew and rust pathogens by injecting hyphal cells or 
germ tubes. 
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SOIL FERTILITY 

John Lamb 

OVerview' of Current Research 

Soil fertility in small grains is an extremely large area excompassing wheat, barley, oats, 
and rye. In the following, most of the examples involve predominately spring wheat and some with 
malting barley. This reflects some on the economic value of the crop and the source and amount of 
research funding by commodity groups. The author believes most of the research priorities set forth 
in this chapter could be directed at all small grains. The research effort in soil fertility should 
be in three areas: 1) Nitrogen management, 2) Phosphorus fertilization and placement, and 3) Soil 
fertility by disease interactions. 

1. Nitrogen Management. Nitrogen is the most important nutrient a producer has to supply to a 
small grain crop. In most cases the goal in small grain production is maximum economic grain yield 
and protein. One exception to this is malting barley where quality factors must be met. Efficient 
use of nitrogen is a key to profitable small grain production. Over ~se of N can lodge the plants, 
hurt barley quality, and cause N to be leached below the root zone. A considerable amount of spring 
wheat research has concentrated on nitrogen rate, source, and. application methods. 

The correlation and calibration of the soil test for barley and spring wheat is continuously 
being revised. One reason for this is changing cultivars. An example of this was the introduction 
of semidwarf spring wheats. They would not lodge under higher N levels compared to earlier long 
stemed cultivars, and actually required more N to maximize yields and maintain a reasonable protein 
level. Evaluating the cultivar by N interaction will continue to be an area of concern in research. 
The most recent studies on spring wheat were reported by Comfort et ale 1985 and Comfort et a1. 
1985. Although not published similar studies involving barley have been conducted by D. Rasmusson 
(personal communication). Understanding what traits effect the N response in plants may be the next 
area to consider. With this information we could develop the ability to predict how new cultivars 
will react under N fertilization and reduce the need for N by cu1tivar testing. 

An important concern now and in the future will be increasing the accuracy of predicting N 
needs for small grains particularly in south central and southeastern Minnesota. The nitrate test 
which is used in western Minnesota with good accuracy in prediction of N needs does not work in the 
south central and southeastern regions of the state. Because of higher rainfall, the leaching of 
nitrates in the soil below the rooting zone is considerably greater and has a greater chance of 
becoming a hazard to the water supplies. 

Data from nitrogen source studies can be used for any of the small grains. Varvel and 
Severson (1983a.) indicate that if applied correctly, any form of N fertilizer will perform simi
larly (Table 1). Only if new forms are developed will more research be needed in this area. 

Table 1. Spring wheat yields from 4 different sources of N fertilizer, 
Crookston, MN 1982. 

N Rate N Sources* 

Ib/a 82-0-0 46-0-0 28-0-0 34-0-0 
hulA 

50 45.1 52.2 53.2 52.3 
100 59.9 59.2 56.4 57.8 

*82-0-0, 46-0-0, 28-0-0, and 34-0-0 are Anhydrous Ammonia, Urea, Urea 
Ammonium Nitrate Solution, and Ammonium Nitrate, respectively. 
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Methods and t1m1ng of N applications may be the area where increased efficiency of N use by 
the plant can be improved the most. Some sources of N fertilizer require certain application 
methods to reduce losses to volitilization. An example is Urea. Urea should be incorporated into 
the soil after application so the ammonium produced in the hydrolysis reaction will be held by the 
negative charge of the soil. Table 2 shows an example in northwest Minnesota where Varvel and 
Meredith 1981 report in a low precipitation year Urea can be lost resulting in a significant grain 
yield reduction. 

Table 2.	 Effects of incorporation of Urea of spring wheat grain 
yields Crookston, MN 1978-1980 

N Rates Year 
1978 1979 1980* 

lb/a bula 

40 + 48.2 44.9 26.3 
51.0 47.2 23.0 

80 + 59.3 46.1 29.8 
60.6 48.2 27.3 

BLSD NS NS 1.5 

+ Incorporated
 
- Not Incorporated

* Very dry spring 

A more important aspect of application methods is the timing of application. The intensive 
crop management system which is coming into vogue is advocating several applications of N to the 
crop during the growing season to increase grain yield and protein. Past work involving an applica
tion of N to spring wheat at the flag leaf stage has not provided positive results. Grain yield was 
nqt increased even when 45 lb Nla were applied. The grain protein was increased at the 30 Ib Nla 
rate, (Simkins et ale 1978, Simkins et ale 1979, and Lamb and Severson 1986a). 

Table 3.	 Spring wheat grain yield and protein contents as affected 
by foliar N application at flag leaf stage. 

Location 
N Rate Morris, 1977 Crookston, 1978 Crookston, 1985 
Ib7B bula % bula % bula % 

0 52 15.1 58.1 15.1 73.9 13.2 
15 52 15.1 55.3 15.2 75.6 13.3 
30 54 15.4 57.9 15.4 
45 53 15.9 55.3 15.6 

Research is needed to evaluate different times of application during the growing season and what 
time or combination of times of application provide the best economic return over the long term. 
Along with the timing question, a method of predicting if N application is needed during the growing 
season should be developed. This may be in the form of a tissue test that would determine the need 
of additional N. 
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2. Phosphorus Fertilization and Placement. Small grains as a group are probably the most 
phosphorus responsive plant groups in production agriculture. Because of the immobility of 
phosphorus in the soil, placement directly influences the efficiency of plant utilization. Nebraska 
researchers (Sander et ale 1984) report that phosphorus applied directly with the winter wheat seed 
can be three to four times more efficient in producing maximum grain yield when compared to a broad
cast incorporated application. Minnesota researchers have in recent years and are now continuing to 
conduct similar studies comparing broadcast, seed, and knife applications on spring wheat (Evans et 
al. 1986, Varvel and Severson 1983b, and Lamb and Severson, 1986b). A problem occuring in these 
studies has been the failure to produce a yield response to P fertilization even though the soil 
test would indicate a high probability of response. This tends to lead us to believe that the soil 
test correlation and calibration for small grains needs to be investigated. 

3. Soil Fertility by Other Factor Interactions. Just as a producer cannot raise a crop without 
integrating all the environmental and production factors, researchers in small grains cannot conduct 
research without involving factors from outside their specialty. Some of these factors involve the 
interaction of soil fertility with cultivar differences, tillage systems, and disease control. 

The first of these, cu1tivar differences was touched on earlier in this chapter. The interac
tion of soil fertility and tillage is discussed in the tillage chapter. Some major examples of 
soil fertility by disease control interactions are chloride reducing root rot on barley (Timm et a1. 
1986) and reduction of take-all in wheat in Oregon (Christenson et a1. 1981). Research investi 
gating chloride's affect on spring wheat indicates both a nutritional need and disease suppression 
(Fixen et a1. 1986). Lamb et a1. 1986 reported no response to chloride on spring wheat in northwest 
Minnesota. This was probably because of high amounts of chloride in the soil. In southwestern 
Minnesota there could be a possible response similar to those reported in South Dakota.· 

In the past high nitrogen application rates have encouraged flush growth in small grains which 
in turn increased the incidence of disease. Lamb and Severson, 1986a report (Table 4) if the rate 

Table 4.	 Effects of fungicide application on spring wheat 
grain yields at low and high fertility levels. 

Fungicide Rate lbla 
Yield Goal o 2 

bula -------- bu/a -------- 

60 72.9 70.7 
110 75.0 80.3 

of N is excessive, a fungicide application was successful in maintaining higher grain yields when 
compared to the same treatments without fungicide. More research is needed to understand where on 
the response curve the fungicide ~ecomes important and what the difference is between response cur
ves developed with and without use of a fungicide program. 

Future Research 

With the proceeding in mind, the following areas should be recognized as research priorities 
for small grains. 

1. Nitrogen management in small grains. Wheat, feed barley, oats and rye with regard to 
increasing efficiency to maximizing grain yields and protein and ma,lting barley with main
taining malting quality demanded by the brewers. The management would include: a) timing of 
application, b) prediction of need of N applications, c) understanding N effects in plants to 
predict how new cultivars will react to N fertilization, d) development of N soil test for 
south central and southeastern Minnesota, and when appropriate, e) evaluation of new N 
sources. 
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2. Reevaluation of the current P soil test particularly in western Minnesota. 

3. Examination of the relative efficiencies of P application methods and incorporation of 
them into the fertilizer recommendations. 

4. Evaluate the soil fertility factors involved in the intensive management of inputs in 
small grains and effects this has on status of soil nutrients. 

5. Explore the effect of chloride on small grains, particularly spring wheat in the State of 
Minnesota and it's effect on disease reduction. 

6. Develop grain yield response curves for N under fungicide and nofungicide conditions. 
From this information we may be able to better predict if a fungicide application would be 
economically feasible. 
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TILLAGE EFFECTS ON SMALL GRAIN PRODUCTION IN MINNESOTA 

John F. Moncrief, Howard L. Bissonnette, Richard Behrens,
 
Ray R. A11maras, Sam D. Evans, Dave D. Breitbach,
 

and John V. Wiersma
 

lnt roduct i on
 

Tillage influences many interacting physical, chemical, and biological properties of soils that can 
have major impacts on crop production. These include temperature, moisture, aeration, bulk density, 
structure, nutrient distribution, organic matter levels, and microbial populations. The complexity of 
the effects of tillage on soil is described by Ragley (1973): 

"Although all tillage is a mechanical process, yet its effects are both chemical and physical on the 
soil. It is not so easy a task as some may suppose to explain, in a few plain words, the several 
changes wrought in the mould and inorganic part of the soil by the plough, spade, and hoe," (Lee, 
1849) • 

Various crops respond to these changes differently which further complicates the situation. The range 
of these changes can be amplified by extremes in tillage reduction associated with some conservation 
tillage alternatives. Although there are many incentives which encourage tillage reduction for small 
grain production, it does in some cases require changes in weed and disease control, and fertilizer 
management. 

Conservation Tillage 

Adoption in Minnesota. Where erosion is a concern, growers should be considering some form of 
conservation tillage. Wind erosion ;s the primary concern in the parts of Minnesota where small grain 
production is dominant. Establishment of tree wind breaks for control can have limitations in that in 
order to be effective they must be close to be effective and allow aerial spraying for pests. In some 
cases the herbicides that are applied may cause injury to sensitive species. Cost effective control 
can be accomp1~shed with either managing crop residues for soil cover, so;l ridges perpendicular to the 
prevailing winds, or a combination of both. In the last five years there has been an interest in 
tillage reduction as an opportunity to reduce production inputs. 

Adoption trends in Minnesota for the last five years are shown in table 1. The conservation tillage 
percentage is elevated in 1983 because the- payment in kind (PIK.) program reduced the total acreage 
figure this year for corn and soybeans. The drop in mulch till (full width tillage with usually a disc 
or chisel plow) for small grain for this year is due to a stricter definition by the Soil Conservation 
Service (30% soil cover by crop residue after planting) which resulted in lower percentage of 
conservation tillage. 

There has been a consi st ant increase ; n the adopt i on of till age systems that eli mi nate primary 
tillage (no till and ridge till) for corn, soybeans, and small grain. Th;s acreage is a small part of 
the total however. This is chiefly due to the following factors: 1. row crop planters must be 
converted to work ina hi gh crop residue envi ronment ($150.00 to $750.00 per row), 2. to obtain 
adequate weed control, cultivators equipped to operate in a high crop residue environment must be 
purchased, 3. to adopt a no till small grain system necessitates use of a conservation tillage drill 
which costs between $1500.00 to $2000.00 per foot of width, 4. complete chemical weed control must be 
relied on in no till small grain production, and 5. when high levels of crop residue are present 
delayed planting is a factor with some crops. Separate drill openers for fertilizer (allows higher 
rates of Nand K which are chiefly responsible for stand loss due to salt and ammonia toxicity) push 
costs toward the upper limit on many conservation tillage drills. These costs in many cases are offset 
with discontinued use of other tillage machinery. There is currently fierce competition among 
conservation tillage drill manufacturers and several recent models have met these obstacles with 
relatively inexpensive solutions. 

This is not to say that primary tillage can not be eliminated under circumstances which allow use of 
conventional drills (following a low residue crop, coarse soil texture, weed species present which 
offer i nexpensi ve chemi ca1 cant ro1, and hi gh K so; 1s whi ch allow most of app1i ed fert i1i zer to be 
placed directly with the seed without risk of stand loss). 
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Table 1. Changes in conservation tillage use in Minnesot~ from 1982 to 1886 (personal communication
Dave Breitbach, SCS). 

corn and soybeans small grains 

ri dge1 mu1ch 2 total total percent mulch total total percent 
no till till till conser acres conser no till till conser acres conser 

date ---acresxl03- - - ----acresx106---=== ---%--- acresx103 ===-acresx106--=== ---%--
1982 55.0 160.0 1.8 2.0 12.3 16 8.3 1.46 1.47 6.1 24 
1983 71.1 245.8 1.7 2.0 9.8 20 13.7 0.93 0.95 6.3 15 
1984 93.9 357.6 2.1 2.6 13.1 20 18.3 1.05 1.07 5.4 20 
1985 98.2 412.0 2.7 3.2 12.7 25 24.0 1.08 1.11 5.7 19 
19863 96.8 468.8 3.0 3.6 11.4· 32 22.6 1.14 1.16 6.1 19 
1. Includes ridge till and strip till on flat surface. 
2. Include mulch and reduced till by Conservation Tillage Information Center definitions. 
3. Includes only spring planted full season crops, no fall seeded or double crop acreage. 

Distribution of crop residue. An even distribution of small grain straw ;s desirable for any tillage 
system but it becomes imperative when a no till approach is used. Problems with stand, tillering, 
phytotoxicity, N immobilization, herbicide failure, and drill performance are all associated with 
uneven residue distribution behind the combine (Allmaras et a1., 1985). There has been more than one 
no till failure attributed to poor residue distribution. The amount of residue that is placed in the 
seed furrow by the coulter or disc openers of conservation tillage drills depends on the residue 
moisture content at the time of planting, anchor of residue, and straw length. Recent semidwarf 
varieties of wheat (due to higher yields and hence more straw), actually increase the amount of straw 
that must be effectively managed with a no till system (Veseth et al , 1986). Erbach et al ,; (1983) 
suggests that serious drill problems will be encountered if crop residue exceeds 3300 lbs/A. Al1maras 
et a1. (1985) have developed a simple method to measure and evaluatecombine residue distribution. 

Obtaining even residue distribution should be the first lesson in any Extension course addressing 
conservation tillage for small grain production. There has also been controversy over what type of 
openers (disc vs. hoe) deal with small grain residue more effectively. Currently research is under way 
at the West Central Agricultural Experiment Station at Morris MN. lead by Or. Sam Evans and supported 
by BASF and Haybuster whi ch addresses thi s concern ina spri ng wheat-soybean rotat ion. Spri ng wheat 
and soybeans appear to be a viable crop rotation in a no till system for Minnesota conditions. This 
study was prompted by the observat i on of stand and growth probl ems with soybeans grown after spri ng 
wheat in heavy straw and chaff in a no till system in a three year study that was terminated in 1985. 
When the row area was kept free of straw however, soybean yields were not affected by tillage (Moncrief 
et a1., 1985). 

Spring wheat and barley. There;s a paucity of reported tillage research in Minnesota addressing wheat 
and barley production. A study has been conducted since 1982 evaluating tillage effects on wheat and 
barley production in a monoculture of each crop at Morris and Crookston, MN. In this study the 
incidence of disease is the primary focus (Wilcoxson, Wiersma, Warnes, and Winde1s). 

A study was initiated in the fall of 1985 by Dr. John Lamb et a1. (1986) to evaluate the effect of 
tillage on the N response by spring wheat and barley. This is the establishment year and the preceding 
crop was barley. In succeeding years there will be a spring wheat-barley-sugarbeet sequence. Nitrogen 
was spring applied as urea. These data illustrate the changes in fertilizer management that are 
associated with conservation tillage. There was a significant tillage by nitrogen interaction for both 
these crops (table 2.). At low N rates the no till system resulted in substantially lower yields. At 
high N rates there was no difference in yield. Protein content of grain suggests that the optimum rate 
of N was not reached for the grain grown under no till conditions. Nitrogen losses associated with the 
no till system are due to volatilization (associated with surface applied urea sources of N) and 
immobilization (due the high CIN ratio of small grain residue), Ma1zer et al., 1986). If nitrogen is 
placed below the residue, differences in N response due to tillage would have been smaller. This has 
also been shown by NDSU researches (Diebert et al ,; 1982 and Oiebert, 1982). If small grain follows a 
low residue crop, differences in volatilization and immobilization due to tillage will be smaller or 
non existent. This is illustrated in table 3. Harley was grown after soybeans with spring applied N 
as urea. There is no difference in yield or protein due to tillage. 
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Table 2. The effect of tillage and nitrogen rate on yield (hulA) and protein content (%) of Marshall 
spring wheat and Robust barley on a Hegne silty clay loam soil at Crookston, MN, 1985 (Lamb et al., 
1985). 

spring wheat barley 
N rate no till disc moldboard no t 111 disc moldboard 
1bsl A yield proteln yield protein Ylela protein yield prot e tn y;el d protei n yield protein
--0 28.4 10.5 40.7 10.4 40.6 10.2 28.6 9.6 39.3 9.5 36.8 9.6 

50 47.5 10.0 56.0 10.5 54.0 10.6 44.4 9.8 54.9 10.3 51.5 10.8
 
100 58.5 11.6 66.8 12.1 61.8 11.7 51.9 10.6 59.9 12.1 58.8 11.8
 
150 70.9 12.1 69.7 13.5 69.0 13.0 61.8 11.7 65.0 13.4 63.8 13.6
 

Table 3. The effect of tillage on barley yields (bu/A) and protein content (%) on a Barnes loam soil 
at Douglas county, MN., 1986. (Zilliox, Herzfeld, Kuznia; and Moncrief, unpublished data). 

Til1age l 

Winter wheat. Traditionally there has been very little winter wheat grown in Minnesota. This is 
primarily due to the harshness of the winters. In some years lower prices (vs spring wheat) and the 
lack of a suitable crop sequence may also be a factor. In most years with a clean tillage system there 
will be substantial winter kill. This limits varietal selection to only the most winter hardy. In some 
instances this is at the expense of intrinsic yield potential, protein content, disease resistance, 
etc.. In Minnesota and Manitoba popular varieties are Norstar and Roughrider. 

Research in Montana, Manitoba, and North Dakota shows that if winter wheat is planted into stubble 
over wintering is highly probable in most years even with the less winter hardy varieties. Brun et al. 
(1982) monitored the soil temperature at one inch deep over the winter with various tillage systems 
following barley (figure 1.). Although ambient air temperatures reached -270F soil temperature did not 
qpt colder th~n ?OOr under no till condjtions. Winter kill occurs when crown temperatures are between 
30 F to -40,.. depend'j n9 0 nthe win t er hd rd i ness (Gu1lord, et al , 1q7~ ) • 1nthe wo r k 0" Brun eta1. the se 
temperatures ocurred under clean tillage in January and Febru.ary. The resulting plant survival is 
shown in table 4. There was substantial winter kill in January and February for both varieties under 
clean tillage. When wheat is seeded into small grain stubble survival was dramatically improved. The 
values are not consistent in February and March due to variability in snow depth in the plots. Larsen 
et al. (1983b) have found that snow cover 2-3 inches deep will protect a plant with good hardiness to
300F and for a less hardy variety 4.5 inches ;s necessary at the same ambient air temperature. 

The influence of tillage induced differences in snow depth on grain yields for 1982 and 1983 are 
contrasted in table 5. There was very little snow in 1982 but much snow occured in 1983. Tillage had 
a dramatic infl uence on yields in the bare year and no infl uence when snow was plentiful (table 5.). 
These data suggest that when drilling winter wheat into stubble one could opt for a variety with a 
higher intrinsic yield potential, disease resistance, or protein content rather than strictly winter 
hardiness. 
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Table 4. The effect of tillage on percent winter survival for two varieties of winter wheat by bringing 
plants from field to greenhouse in 1982 at Fargo, North Dakota. Centurk 78 is CT and Roughrider is RR 
(Brun et a1. 1982). 

Tillage
 
Moldboard Oisc No till
 

date RR CT RR CT RR CT
 
=:_---~-------~-%--~-----_=:_--_=: 

Oct. 29 100 100 100 100 100 100
 
Nov. 17 100 100 100 100 100 100
 
Dec. 14 100 100 100 100 100 100
 
Dec. 29 96 83 84 97 97 97
 
Jan. 20 7 3 77 60 98 87
 
Feb. 10 o 0 73 7 93 60
 
Mar. 3 20 a 93 43 97 97
 

Table 5. Tillage and winter snow cover effects on yields of two varieties of winter wheat in 1982 and 
1983 at Fargo, North Dakota (Brun et a1. 1982; Larsen et a1. 1983a) 

Tillage 

The effect of tillage and fungicide on grain yields for two varieties of winter and spring wheat 
grown on a Fargo-Hegne silty clay in Norman county, Minnesota are shown in table 6. Winter wheat 
yields are higher than spring wheat. This is primarily due to a late planting date (June 2, 1986) for 
the spring wheat. Due to the fine soil texture and wet weather at this site, spring wheat could not be 
planted until June 2. Although there was a statistically significant fungicide response for both 
winter and spring wheat the average response for the winter wheat was 12 bulA and only 4 bulA for the 
spring wheat. Although the ti1lage-by-variety interaction for the winter wheat is not statistically 
significant the trend is for the yields to increase with less tillage for the Highorn variety. It does 
not appear to be related to plant population (see table 7.). There was adequate snow cover early that 
may have masked out any differences due to tillage on plant population. The lower yields of wheat 
grown with a moldboard system may be related to weed pressure by buckwheat and clover (see table 8.) 
which was higher in the Roughrider. The disease ratings in table 10. suggest that there was more 
disease pressure with less tillage although there was not a significant til1age-by-fungicide or 
til1age-by-variety interaction on grain yields. Tillage was not a statistically significant factor in 
the disease ratings although there was a strong trend for higher disease with less tillage. The 
varietal effects on disease were interesting in that the Roughrider had more disease early but less 
later in the season. This effect may be explained by an early tan spot infection and a late leaf rust 
infect ion. 

The effects of tillage on spring wheat yields (although not statistically significant) had a trend 
oppost ite to that of the wi nter wheat. The causal factor appears to be till age effects on weed 
pressure (see table 9.). There was much more foxtail in the conservation tillage treatments. Although 
the population of foxtail was generally less in spring wheat than in analogous winter wheat treatments 
the weed competition in spring wheat would be much greater due to the earlier emergence of foxtail to 
wheat. There was a highly significant varietal effect on the spring wheat yields but no interactions 
with fungicide or tillage. It is interesting to note that tillage had a significant effect on disease 
ratings in the spring wheat and followed yield trends. However, the Marshall had much higher disease 
ratings but yielded much better than the Stoa. When considering this in conjunction with the yield 
response to fungicide (4 bu/A) it seems that some other factor was responsible for the large yield 
differences due to variety. Wheat scab because of wet weather during heading may be a possibility. 
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Table 6. Tillage and fungicide effects on the yields of wheat grown following spring wheat on a Fargo
Hegne si 1ty c1 ay follow; og spri ng wheat in Norman County, Mi nnesota, 1986 (Pazderni k, Hol en, Wi ersma, 
Bissonnette, Kuznia, and Moncrief-unpublished data). 

Ti11a~e 

Spring wheat 
Marshall 27.1 23.4 31.2 27.0 34.7 30.7 
Stoa 16.3 12.9 17.9 12.8 19.7 18.0 

1. Spray refers to fungicide on Bighorn and fungicide + cerone on the Roughrider. 
Manzate 200 flowable at 1.5 qts/a was applied on: 

Winter Wheat: 1st application - June 11, 1986 
2nd application - June 23, 1986 

Cerone	 growth regulator at 3/4 pt/a was applied on:
 
Roughrider: with fungicide on - June 11, 1986
 

2. The significance values for tillage are .132, .133 for winter and spring wheat respectively. 
Significance values for fungicide are .008 and .094 for winter and spring wheat respectively. 
Significance values for the tillage by fungicide interaction are .132 and .786 for the winter and 
spring wheat respectively. 

Table 7. Tillage effects on winter and spring wheat stands when measured on April 22 and June 24, 1986 
respectively (Pazdernik, Holen, Kuznia, and Moncrief-unpublished data). 

Tillage 
No Ti11 Chisel Moldboard 

---------plants/acre x 103- -----_... _---_ ... 
(.090
 

Marsha" 1096 873 995
 
Stoa 1024 1036 1007
 

Winter Wheat ( .041) 
Bighorn 718 682 678 
Roughrider 825 724 726 

Spring Wheat ~ 

1.	 This is the statistical significance of tillage main effects on wheat population. 
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Tabl e 8. Ti11 age and var i ety effects on weed pressure in wi nter wheat measured on June 3, 1986 
(Pazdernik, Holen, Behrens, Kuznia, and Moncrief-unpublished data). 

Weed SteCies
 
Foxtai
 .256 .315 

394 
394 .062 
217 .000 
048 .402 

394 
394 

394 
182 .065 
394 
394 
394 

Mustard
 .
Pigweed
 .
Buckwheat
 .
Clover
 .
Canada Thi st1e
 .394 .
Smartweed
 .
Penny Cress
 .394 .
Boxelder
 .
Ragweed
 .
Sow Thistle
 .
Lambsquarter
 .

Tillage and Variety 

Significance 
RR BH 

Table 9. Tillage and variety effects on weed pressure in spring wheat measured on June 24, 1986 
(Pazdernik, Holen, 8ehrens, Kuznia, and Moncrief-unpublished data). 

Si~nificance 
Weed Ms' Stoa
 

Foxtai 1 .064 .023
 684 507 226 394 213 230 
Mustard .639 .072
 0.00 0.00 .711 4.03 .648 0.00 

017 .019.
 5.19 0.00 16.6 0.00 10.1 3.25Pigweed .
Ruckwheat .348 .183
 0.00 15.7 7.56 1.73 1.51 5.14 

Tillage 
No Till Chisel 

Mshl Stoa Ms~oa 
==--==-----P' ant s7acre 

185 96.8 0.00 0.00 

Moldboard 
Mshl Stoa 

x 103==--==

0.00 0.00Spring Wheat .000 .000
 
Lambsquarter .394
 0.00 0.00 0.00 0.00 .636 3.46 
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Table 10. Tillage, fungicide, variety, and time effects on leaf disease of winter wheat at Norman 
County, 1986 (Pazdernik, Holen, Bissonnette, Kuznia, and Moncrief-unpublished data).l 

Tillage Fungicide 2 Variety 
No Mold- Big- Rough-

Date Location Till Chisel board Yes No horn rider 
6711 1 ==---====--Modi fied Hosford Tan Spot Scale:=-----:::::-=-

Top Leaf (6 to 8) 4.25 3.83 2.67 2.39 4.78* 
6/23 

Leaf 9 5.53 5.29 5.32 5.28 5.48 5.44 5.31 
Leaf 8 5.75 5.08 5.33 5.03 5.75* 5.94 4.83* 
Leaf 7 6.75 5.92 5.50 5.39 6.72* 6.11 6.00 

7/14 
Leaf 9 8.46 8.44 8.25 7.82 8.94* 8.47 8.29 
Leaf 8 8.83 8.79 8.50 8.42 9.00* 8.69 8.72 
Leaf 7 9.00 9.00 8.92 8.94 9.00 9.00 8.94

* Means with tn a row under a qrven headlng followed by an asterisk are slgnlflcantly different at 
.100. 
1. A modified Hosford (1982) scale was used to rate the incidence of leaf disease (see table 12.). 
The June 11 values are a visual estimate of the percent of the leaf infected. 

2.	 Manzate 200 flowable at 1.5 qts/a was applied on: 
Winter Wheat: 1st application - June 11, 1986 

2nd application - June 23, 1986 
Cerone	 growth regulator at 3/4 pt/a was applied on:
 

Roughrider: with fungicide on - June 11, 1986
 

Table 11. The effect of tillage and variety on the incidence of leaf disease on spring wheat at Norman 
County" measured on July 14, 1986 (Pazdernik, Holen, Bissonnette, Kuznia, and Moncrief-unpublished 
data) .1 

Tillage Variety 
No 'Mold-

Till Chisel board Marshall Stoa 
Locati on ==--------Modi~Hosford Score---==
Leaf 9 4.42 3.25 3.92* 3.67 4.06
 
Leaf 8 5.42 5.08 4.83 5.67 4.56*
 
Leaf 7 5.67 5.38 5.00 6.50 4.19*


* Means with ; n a row under a given heading followed by an asterlsk are significantly different at 
.100. 
1. A modified Hosford (1982) scale was used to rate the incidence of leaf disease (see table 12.). 
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Table 12. A modified Hosford (1982) tan spot scale used to rate leaf disease (Pazdernik and Holen
unpublished data).1 

Hosford Score 
o 1 234 5 6 789 

Location	 ----------------------Percent of leaf infected-------------------- 

Leaf 9 o 0 1 2 3 4 5-10 10-25 25-50 55-100
 

Leaf 8 o 1-3 3-5 5-7 7-10 10-25 25-50 50-75 75-95 95-100 

Leaf 7 0 1 5 10 25-50 50-60 60-75 75-85 85-95 95-100 
1 Hosford's (1982) tan spot rating system was modified by asslgn;ng a different range in percent leaf 
infected for each leaf level rated. This provides a more precise estimate of relative differences due 
to treatment. 

Summary 

Tillage affects many interacting soil chemical and physical factors that can influence small grain 
production. There has been a general increase in the no till acreage in the last five years which can 
change the microenvironment of small grains substantially. In addition to direct effects such as 
moisture, temperature, and aeration on plant growth, there is also many secondary effects that must be 
considered. These include changes in weed species and pressure, varietal performance, fertilizer 
availability, and incidence of disease. When tillage is changed subsequent changes in many of these 
interacting variables occur. In circumstances where less tillage is imperative it is the challenge of 
the resea rch and ext ens i on facu1ty to understand these re1at i onshi ps and develop guide1i nes whi ch 
minimize the growers risk but still offer an opportunity to reduce production inputs and control 
erosion. In doing this a systems approach must be taken and all factors. considered. The level of 
grower competence must be such that the necessary management to ensure a high probability of success is 
achi eved. 

Conservation tillage allows winter wheat to be grown in Minnesota with very little "over wintering ll 

risk. This provides an opportunity for growers to reduce their labor during peak labor demand periods 
(spring and fall). It also allows for more flexibility to accommodate variations in weather. Growers 
must be made aware of the other management considerations that accompany winter wheat production in 
Minnesota (fertilizer management, weed and disease control). 

The obvi ous areas of research that are important when consideri ng 1ess t i 11 age are di sease control 
(whether it be by fungicides or varietal resistance), investigations of tillage induced weed species 
shifts and their control, varietal performance under different tillage systems, effects of crop 
residues on stand establishment and growth, and management of nitrogen, phosphorus, and potassium 
f ert i 1i zers • 
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