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ABSTRACT

Striking differences exist throughout the grassland and steppe areas of North
Amrer i ca. It is a fact, however, that native vegetation patterns are simlar
over the entire region known collectively as the G eat Plains or Prairies.
Consequently, froma plant adaptability and productivity perspective
significant, simlarities exist. Tillage based cropping systens focus

predonm nately on production of cool -season cereals primarily wheat. Use of
fallow is common. This entire region shares a typical continental clinmate
with a significant portion of the limted precipitation occurring in intense

t hunderstorns. Wnds tend to be strong. These climatic factors conbined with
a lack of trees nmake soils exposed to the elenents prone to both wind and

wat er erosion. Qther unifying factors include a strong |ivestock industry

t hroughout the region with a predom nance of cowcalf operations. The
majority of feeder calves are exported for finishing in the corn belt or in
irrigated areas of the prairies. Like livestock, wheat is al so exported.

Popul ation is sparse, |abor resources are linmted, and nost farm ng operations
are large in conparison to those in nmore humd regions. Local economes are
heavil y, predom nated by agriculture and consequently subject to wi de sw ngs
in response to weat her and market factors. Government regul ations and farm
prograns play a large role in determning practices used, crops grown, and the
profits made in nost operations.

Attenpts to adopt no-till and reduced tillage systens in response to economc
factors and governnent regul ations have net with mxed results. The systens
have done an excellent job of conserving water and soil. They have been | ess

consistent in translating water savings into the expected increases in yield
and/ or econonmic return. One notable reason for this lack of response has been
a failure to change crop rotation practices at the sane tine tillage practices
are changed. Rotations used in conservation systens nust be nore intense and
di verse than those used with conventional practices. Increasing intensity and
di versity, prevents weeds, diseases, and insects from becoming major limting
factors while also allowing better utilization of noisture, machinery, |and,
and | abor resources.

The crops and rotational strategies used will vary sonewhat throughout |oca
areas of the Great Plains and Prairies just as native vegetation varies
slightly. Wthout significant changes in rotations it is doubtful if
conservation systens will ever realize their full econom c and environnenta
potential. |In fact, as ecol ogical concerns increase, governnent funding
declines, and econom c factors change the success achieved in devel opi ng

di verse rotational systens for use with conservation systens may well



determ ne whether the great plains and prairies are returned to a “buffalo
commons” or becone an inportant producer and processor of food, feed, fiber
bi of uel s, and industrial feed stock as arable land in nore popul ous areas is
renoved from production.

INTRODUCTION

The desire to be unique is a basic human characteristic. W all feel that the
ci rcunst ances which we face nust be different than those experienced by
others. Mich tinme is spent focusing on perceived differences in races, sexes,
religions, tribes, etc. while little effort goes into defining the nuch
greater list of characteristics which they have in comopn. The sane is true
when it cones to conparing agricultural practices in differing geographica
regions. Mich is nade of perceived differences in climate and soils while
little attenpt is nade to ook for and Iearn fromthe comonalities between
the systenms. No matter where agriculture is practiced or whether it is rain
fed or irrigated there are sone comon principles that will always be present.
Everyone will start with the best source of gernplasmw th which the producer
is confortable and the price is acceptable. Then they will attenpt to provide
that genetic material with conditions which are as close to optimumas is
feasible with the resources available and finally will hope that nother nature
wi Il be benevolent with the crop. Wth this analysis all agriculture is the
same. The only differences which occur are the result of how the terns “best
source of gernplasni, “optinumconditions”, “feasible”, “resources avail able”,
and “benevolent climte” are defined by the producer or by the fiscal
governnmental , and physical environnment in which he is grow ng crops.

Qovi ously a producer would define many of the above terns differently if he
farmed in Illinois or lowa than if the operation were in Manitoba, Mntana, or
Kansas. Less obvious and just as prevalent would be two growers facing

i dentical circunstances who al so would define the ternms differently due to the
uni que nature of their personalities; ability to accept risk; past

experiences; etc. The unique “systenf used in each of the above cases results
fromassinmlating all available informati on and personalizing it for each
operation. It does not necessarily represent different approaches only
variations in the same approach. For instance, if 100 random growers were

gi ven the sane set of circunstances nost of their decisions would be the same
or so simlar as to nmake themindistinguishable (i.e. it is unlikely that
anyone woul d attenpt to use a wheat-fallow systemin lowa or a corn-soybean
rotation in Al berta).

If the above logic is extended to an exam nation of agriculture on the great
plains and prairies it holds that there nust be valid reasons things are done
in acertain manner. |If a large majority of the producers are using very
simlar systems then it is nust be assuned that the reasons for the practice
lie not in personalities but rather in outside factors such as econom cs,
government policy, or climate. The tremendously simlar agricultural systens
enpl oyed throughout the great plains nmust result froman integration of these
factors. Wiat follows is an analysis of the role they have played i n shaping
present farm ng systens and what effect proposed changes will have on the way
things will be done in the future.

CLIMATE AND NATIVE VEGETATION

There are only a limted nunber of geographic regions in the world whose
climates are alnost totally isolated fromthe direct effects of oceans or

ot her | arge bodies of water. These areas have | ong been recogni zed as havi ng
characteristics quite distinct fromother regi ons while sharing nunerous
climatic simlarities. Mst attenpts to classify climatic regions have



segregated “continental clinmates” into one or two closely related categories.
The | argest areas with these climtes occur in the northern hem sphere
specifically on the |large continent of North Arerica and in eastern Europe and
Asia. Oher regions with continental climtes are found throughout the world
but are generally limted in size. Cdimate in all of these areas is
characterized by cool or cold winters which are not favorable for crop
producti on and warm or hot summrers with extended periods of dry weat her.
Preci pitation can occur throughout the year but the period of greatest
rainfall occurs in late spring and early sumer. Mich of the rainfall during
this period and later in the summer occurs in intense thunderstorns. High
wi nds are an ever present characteristic of these climtes especially in late
wi nter and early spring.

In North Anerica the | arge expanse of |land |ying east of the continenta

di vide and west of the influence of the Great Lakes and Gulf of Mexico is know
as either the Geat Plains (USA) or The Prairies (CANADA). It is true that
there are striking differences which exist throughout this grassland and
steppe area. Mre humid areas are characterized by native vegetation
consisting of tall grass species interspersed with tree stands in | ow and and
drai nage areas. Regions with a slightly drier environment contain a m xture
of tall and short grass species with the fornmer being found on soils with
better water holding capacity or in small drai nage ways and depressions.
Large depressional areas and mmjor drai nage areas contain tress and shrubs.
Even drier conditions are expressed through native vegetati on consisting

al nrost entirely of short grass and bunch grass species. Trees are rare
occurring only in major drainage areas. The driest areas contain

predonm nately bunch grasses interspersed with hardy brush species. The type
of vegetation which occurs on a particular soil in a specific location is
probably the best indicator of the plant adaptability and productivity
potential of that site. Locations having native vegetation characteristic of
all the environnents listed can be found in every state and province in the
great plains and prairies due to the effect soil factors, elevation

t opography etc. have on determ ning the anmount of water available to plants.

GOVERNMENT

CGovernment prograns affecting agriculture have been conmon since the
depression. The inpact these have on cropping practices can be either direct
as is the case with acreage base progranms in the U S. or indirect as is the
case with the Wheat Board System and Crow Rate in Canada. Governnent actions
related to the nonetary system environnental regul ations, and trade policy
al so have profound inpact on agriculture on the prairies since a |large
percent age of the crops produced are eventually exported. It is extrenely
difficult to quantify the effects these practices have with certainty. There
is however, an interesting conparison that can be nmade between two gover nnment
systens operational on the prairies of North Arerica. Mny areas of

Saskat chewan and Al berta share environnents extrenmely simlar to neighboring
areas in Mntana, and North Dakota. Governnent policies on the U S. side of

t he border have tended to encourage production of program crops such as wheat
and barley. Consequently, systenms predom nated by cereals prevail south of
the border. The Canadian systemin recent years has tended to place econonic
i ncentives on production of non-board crops specifically canola, peas, and
lentils. In 1994 the total value of canola produced in the prairie provinces
was be greater than the value of the wheat grown. This is the only tinme wheat
has not been first since the prairies were settled. These differences in
production patterns are obviously nore directly related to governnent policies
t han agronom cs.

No attenpt will be nmade to evaluate the relative successes and failures of
government prograns. That is well beyond the discussion of this paper



However, it is inmportant to note that substantial changes in government policy
are expected to occur in the next decade as direct subsidies are reduced,

envi ronnent al and conservation requirenents are strengthened, and | and
presently in the CRP programin the U S. is placed back into crop production
These anti ci pated changes and others which we are not aware of will singly
and col l ectively have profound inpact on agriculture and nost likely will |ead
to changes in the way things are done.

ECONOMICS, ECONOMICS, ECONOMICS

Just as native vegetation is the best indicator of the potential productivity
of a specific location. Econom c considerations are the predom nate factor
that will determine if a new practice is eventually accepted. Native
vegetation integrates the effects of climate, soil characteristics, elevation
etc. Simlarly profitability characteristics integrate the effects of
agronom ¢ and environmental factors, governnent policies, and the market.
Bottom | i ne econom cs have | ed Canadian farmers to grow nore canola even if at
times it means using rotational intervals which are not agronomically
recoomended. Simlarly, their very cl ose nei ghbors across the border grow
cereals in tight rotations for the same reason. |If the price of soybeans

i ncreased to $15/bushel while wheat stayed at present prices, it is al nost
certain that there would be substantial acreage of soybeans in areas of the
prairies where they have not been grown previously.

The need to maintain profitability in the operation is the predoni nate

uni fying factor anmong producers on the prairies. Wether he lives in Texas.
Al berta, or somewhere in between; the producer nust devise a systemthat
generates adequate profits or he will be out of business. It is also this
factor that |l eads to the nost diversity between production practices since
each operator’s financial situation, risk tolerance, and personality are

uni que. Some operations can withstand taking substantial risks in order to
reap potentially high returns while others nust be nore conservative to guard
agai nst catastrophic | osses which could wi pe themout. Sonme producers could
afford to take additional risks froma financial standpoint but choose not to
do so because it conflicts with their personal philosophy or would nmake their
spouse or farm ng partner unconfortable. Sonme farners nust take substantial
risks in the hopes that the potential high returns will allow themto put the
operation on nore stable financial footing.

A new practice will not be accepted by a majority of farmers until it has been
locally proven to have a profit to risk ratio superior to the systemthey are
presently using. This ratio is affected by nmarket forces, governnent

prograns, and the availability of inmproved agrononic practices. One major

i npact of government prograns in the USis to take much of the risk out of
producti on systens (nonocul tures) which have high risk |l evels w thout present
“safety nets”.

THE FUTURE

There have been literally thousands of experinents conducted in the great

pl ai ns over the last 30 years that have (w thout one known exception) found
that no-till systens increase the anount of water infiltrating the soil and
reduce the anmobunt of water |lost fromsoil by evaporation. In a region which
has been traditionally viewed as being consistently short of noisture it was
assuned that this would lead to increased yields and profitability. That
unfortunately has not been the case. This is one of the primary reasons that
not-till systenms have not gai ned nore w despread acceptance anong producers.



In exam ning the reasons that the noisture savings accrued with high residue
systenms have not been consistently translated into inproved productivity and
profitability it is inportant to take a | ook at present tillage based systens.
The “conventional” systens utilized by producers in a particular area did not
devel op at random but rather are generally the result of years of experience
and | ocal know edge integrated with present market forces and government
policies. These can be viewed to a certain extent simlar to the native
vegetation which would inhabit this area if farm ng operations cease. The
rotations used have proven to be the proper ones for the tillage system
enployed. In the prairie system if we could magically add two inches of
nmoi sture to this site each year we woul d not necessarily see dramatically
i ncreased production of the plants which are present but woul d expect that
very quickly the species present in the prairie would make a shift to one
representative of a nore humd climate. The same principles apply to crop
production. Adding noisture to the systemby reducing tillage will not
necessarily inprove the productivity of rotations devel oped to be in
“equilibriunf with the use of tillage. |In fact, productivity may fall if
weed, disease, and insect problens arise or excessively wet soils occur

In order to take advantage of the increased noisture available with no-til
tillage systems it will be necessary to mimc the response of the prairie in
the sane situation. Specifically this will entail increasing the intensity of
crop rotations used. This neans cropping nore frequently and/or including
nmore full season crops in the rotation. This principle applies across al
climatic zones but probably will be nost difficult to apply in very hunmd

areas and in areas with short growi ng seasons. |In traditional wheat fallow
areas it is probable that utilization of reduced tillage or no-till w thout
increasing rotational intensity will lead to growmh in saline seep formation

and enhanced deep | eaching of nitrate nitrogen

I ncreasing cropping intensity puts a producer in a better position to take
advant age of the noisture saved with no-till tillage but by no nmeans does it
automatical |l y guarantee success. Many researchers and producers recogni zed
early on that cropping frequency could be increased. The nost |ogical method
of boosting the intensity of a crop rotation is to increase the frequency of
croppi ng wheat in areas where fallowis utilized. Wen this was done,
however, results were m xed since gains occurring due to increased noisture
availability were often offset by problens with weeds, diseases, and insects.
Dependi ng on the individual situation it was sonetines possible to overcone
t hese probl ens through use of pesticides, predictably, this often nore than
of fset any potential increases in profitability. The nbst success in
increasing profitability has been obtained by researchers and producers who
have added diversity to the rotations at the sane tine that intensity was
increased. One of the first successful denonstrations of this concept was the
devel opnent of the ecofallow (w nter wheat-sorghumfallow systemin Nebraska.
This system has proven to be quite successful and in certain geographic
regi ons has gai ned wi despread accept ance.

Nuner ous research projects focusing on the interactions of tillage and
rotations or on determ ning proper rotations for specific conservation systens
such as no-till have been or are presently being conducted throughout the
great plains and prairies. Mich of this work is included el sewhere in the
proceedi ngs. On exami ning these results it is clear that reductions in
tillage have to be acconpani ed by commensurate increases in diversity and
intensity in rotations. |In fact, one of the mamin advantages associated with
the use of conservation techni ques especially no-till may be that it all ows
producti on of crops in areas where they could not be grown consistently using
tillage based systens. Since land costs are less in these areas than where
the crop is traditionally produced using tillage, a substantial econonic
advant age exists. Increased diversity also allows nore efficient utilization
of labor and machinery resources if crops are chosen so that seeding,



sprayi ng, and harvesting periods do not conflict. These two factors conbi ne
to provide substantial econom c advantages to diverse and intense systens with
no use of tillage. These types of systens are finding wi despread acceptance
with fairly |arge geographical areas having the majority of acres involved in
systens of this sort. One striking exanple involves Brown and Spink counties
in South Dakota. This area is where no-till rotation research in the md-80"s
established that potentially large increases in profitability could be
obt ai ned by replacing conventionally tilled continuous cereal rotations and
mnimmtillage systens with at |least 2/3 small grains with intense no-til
rotations containing 50%to 75% full season crops (specifically corn and
soybeans). In response to this increased profit potential soybean acreage in
these two counties grew from1,900 acres (nostly irrigated) in 1983 to over
250, 000 acres in 1993 with alnost all of these acres being no-tilled. No-til
is the predominate farmng systemin this area at the present tine.

I ncl udi ng soybeans and corn along with wheat was the correct answer for proper
no-till rotations in Brown and Spink counties. Oher areas will need to find
solutions which fit local climatic, soil, and market factors. The exact
systens will vary anong producers with simlar situations due to the

uni queness of their personalities as discussed before, but changes in
rotations nust occur along with tillage shifts if profitability and
acceptability are to be obtained. It doesn’t work to try to change tillage
first and switch rotations |ater.

The future of no-till on the great plains and prairies will probably depend on
how qui ckly proper rotations are identified and suitable genetic material and
managenment practices developed. |In fact, the success achieved in this task

may well determine the economic viability of |ocal economies in the future.
There has al ways been a strong |ivestock conponent in the agriculture of the
great plains. However, this has focused al nost exclusively on cowcal f
operations with the cal ves being exported to the corn belt or irrigated areas
of the prairies for finishing. This was necessary since feed grains and high
protein crops were not part of the rotation. The ability to grow these crops
and feed themto locally produced |ivestock could bring trenendous econonic
growmh to the region as urban and industrial needs begin conpeting for |and
and water resources in traditional feeding areas. As fossil fuel supplies
dwi ndl e and bi ot echnol ogical abilities increase it is possible that |arge
areas of the prairies could soneday be involved in the production and
processing of biologically derived fuels and industrial feed stock. The Ioca

oi |l industry which already exists in some regions has nuch of the needed
infrastructure in place for that to happen. Conversely, if active efforts are
not made to devel op environnmental |y sound, no-till systens that are profitable

and wi dely accepted it is possible that environmental regulations and changes
in econom c conditions such as fuel, machinery, |abor, and transportation
costs will make crop production practices on the prairies unprofitable. If
that occurs we may be faced with the “buffal o conmons” alternative which has
created so much discussion in the past few years.

POST SCRIPT

It is not the intent of this paper to be a conprehensive guide to rotationa

pl anning. There are a couple of tools that have been hel pful in our work that
make the process of evaluating rotations nore straightforward in the initial
phases. The first is an intensity rating. Rotational Intensity can be

eval uated by assigning a value of 1 to cool-season and short-season crops and
to crops used for green fallow Exanples would be all small grains, canol a,
pul ses, mllet, etc. A value of 2 is assigned to full-season crops grown
during the warm part of the sunmer. Exanples would be corn, forage sorghum
saf fl ower, sunflower, edible beans, etc. Fallow receives a value of O.



Average the intensity value for each crop in the rotation. For instance a
wheat-fall ow rotati on produces a value of 1 plus 0 divided by 2 equals 0.5.
Cont i nuous wheat, wheat-canola, etc. give values of 1.0. \Wheat - Corn-Pea
produces intensity of 1.33. Intensity values of no-till systens should be 0.5
to 1.5 points higher than those used with tillage depending on the tillage
used and soil paraneters.

The ot her tool being developed to aid rotational planning is a Diversity
Index. This index attenpts to quantify diversity in rotations in as sinple
manner as possible. It like the intensity rating is designed to be used in
prelimnary planning only. Mre careful scrutiny of promising rotations is
suggested. There are two steps used in determining the Diversity Index. The
first involves determ ning the average interval between crop types in the
rotation. Crops used in the rotation are classified into one of four types
(cool -season grass, cool -season broadl eaf, warm season grass, and warm season
broadl eaf). Determ ne the nunber of years between each cool -season grass and
the one that preceded it in the rotation. If it was the same crop (i.e. wheat
both tines) use the nunber of years as its interval. |[If the preceding crop
was of a different crop (i.e. oats or barley) add 0.5 to the nunber of years.
Do the same thing for the warm season grass crops (corn, mllet, forage
sorghum sorghum etc). Performthe same operation for the broadl eaf crops
di sregarding the difference between warm and cool - season types. |n other
words use the interval between the crop of interest and the |ast broadl eaf
crop of either type. This is done since many of the broadl eaf crops share
di seases in comon. Just as with the grass crops, renmenber to add the 0.5 is
t he precedi ng broadl eaf was not the same crop. Average these nunbers across
the rotation. Fallowis treated as another crop type. Sone exanpl es are:
VWeat-Fallow (1 + 1 = 2 divided by 2 years in the rotation produces and
i nterval average of 1.0); Wueat-Corn-Pea (2+2+2=6 divided by 3 equals 2);
VWeat - Barl ey-Canola (1.5 + 0.5 + 2 = 4 divided by 3 equals 1.33); Wheat-
VWeat - Canol a ( 1+0+2=3 divided by 3 equals 1.0); Wheat-Canola-MIlet (2+2+2=6
divided by 3 equals 2.0). The Diversity Index is obtained by adjusting the
i nterval average to account for some work-|oad spreadi ng, weed, and di sease
concerns. |If both a grass and a broadl eaf crop are used in the rotation add
0.5. If both a fall and spring seeded crop are used in the rotation add O0.5.
If the shortest broadl eaf to broadleaf interval is 2 years make no
adjustment. Add 0.5 is the shortest broadl eaf-broadl eaf interval is 3 years
or nore. Deduct 0.5 for each year this interval is |l ess than two years.
Deduct 0.5 if the ideal seeding tinme for one crop coincides with the idea
seeding tinme of another segnent. Exanples of this interference would be
deducting 0.5 if both spring wheat and barley are used. Spring wheat-Barl ey-
Canol a rotations have the sane ideal seeding tinme for all three crops in sonme
environnents leading to two 0.5 deductions for a total discount of 1.0.
Deduct 0.75 if two seeding time conflicts occur on two separate occasions.
For instance, in a corn-soybeans-corn-soybeans-wheat rotation interference
occurs between the two corn segnments and the two soybean segments to give a
deduction of 0.75. Use of deductions for seeding time conflicts need to be
made based on | ocal know edge of the inpacts of del ayed seeding. Conflicts
whi ch arise due to harvesting of one crop at the same tinme another needs to be
seeded (mllet harvest and wi nter wheat seeding for instance) have not been
i ncl uded since different equipnment is used and the operations can be done at
different tines of the day. This factor should be considered when doing a
final analysis of a rotation.

Rotations with high Diversity Index Values (greater than 2.5) will provide the
nost wor kl oad spreadi ng and present the |east disease and weed risk. They
wi Il produce the nost return only if they also have proper intensity. In sone



environnents it may be difficult to obtain ideal l|evels of both diversity and
intensity. In the early stages of no-till producers often have success with
rotations which have proper intensity but |ack diversity. Part of this is due
to the fact that the |land being used has not had a history of many of the
crops being used (especially the broadl eaf crops) so di sease and weed probl ens
have not yet devel oped. Another factor is that the producer’s machinery is
sized for atilled systemso he does not realize the potential value in adding
diversity (smaller machinery or nore acres). Use of both grass types and a

br oadl eaf provides the nost diversity possible especially if winter cereal is
i ncorporated into the system



