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(~rop Rotations for Missouri Soils 
R. R. H unELSON and C. A. HELM 

The term crop rotation means that different kinds of crops follow one 
another in a regular order for a definite period of years. 

Field experiments extending over 30 years and compa·ring the values of 
different rotations have been conducted by the Missouri Experiment Sta
tion. Continuous growing of corn and other common crops on the same 

land has been tested also. All crops have been grown both with and with

out manure. From the records of these experiments some interesting re
sults are here presented as to the effects of different cropping systems on 

the yields after a period of 30 years. The year 1919 was the thir ty-fi rst 

year and the following table shows the yields of plots which were in corn 
that season. The season of 1919 is selected because it is the most recen t 
year when the four-year rotation plots were cropped. with corn. 

YIELDS o~· ConN ON RoTATION Fr!lr.D A'r Cor,UMBIA. 

Cropping system and soil treatment Yields in bu. per 
acre 31st year, 1919. 

Continuous corn, no treatment ........................................ 10.6 
Continuous corn, manured ................................................ 39.1 
Co•:n, oats, wheat, clover rotation, no treatment ........ 52.5 
Corn, oats, wheat, clover rotation, manured ................ 60.1 

These results show the high value of rotation in maintaining the yield 
of corn. Corn in rotation is shown to yield twice as much as where grown 

continuously. With twice the yield and little increase in cost of produc

tion the profits are several times a.s, great. Based on 1919 yields, one crop 
of corn in the rotation series is more valuable than three crops of c·orn 

produced on continuous cropped plots. It is the margin above cost which 

counts. 
The other crops of the rotation are affected almost if not quite as much 

as corn. · The following table shows the yields of wheat from the same 

plots in 1917, which was the most recent year when these plots were cropped 

with wheat. 

Yu:r.Ds oF WHEAT ON RoTATION FIELD AT CoLUMBIA. 

Cropping system and soil treatment Yields in bu. per 
acre 29th year, 1917. 

Continuous wheat, no treatment ............................... , ....... , 0.2 
Continuous wheat, manured ................................................ 10.9 
Corn, oats, wheat, clover rotation, no treatment ........ 30.0 
Corn, oats, wheat, clover rotation, manured ............ 39.4 
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From these records it is evident that rotations may make all the dif
ference between a total failure of the wheat crop and a very satisfactory 
yield when the cropping system is continued through long periods of time. 
The plot growing continuous wheat with no manure or fertilizer does not 
give so complete a failure every year but the wheat is so weakened by lack 
of fertility and other unfavorable conditions that it is often badly winter
killed. Here again it should be noted that increased yields due to rotation 
are secured practically without increase in cost. While harvest and market
ing costs will increase slightly with higher yields from crop rotation, this 
is offset through a better seasonal distribution of the labor secured from 
growing a variety of crops. 

Corn is probably the best crop with which to measure fertility, since 
it seldom fails completely through attacks of insects or from bad weather 

Corn 
Cant 

Manured. 

Corn Corn Corn Corn 
Con t lnJ year In 4 ~ear In 6 year 

No Treatment Rot afton Rotation Rota.tton 
No Treatm No Treatmen No Treatment 

FIG. 1-Thirty·year average yields of corn un· 
der different rotations. 

conditions. The effects of 40 years' 
work with crop rotations are well 
represented in Figure 1, giving the 
30-year average yields of corn un
der different cropping systems. 
From this plate it is evident that, 
on the average, the yield is increas
ed by lengthening the period be
tween corn crops. The one plot 
which is shown to have received 
manure was manured at the rate of 
six tons an acre every year for 30 
years. While the use of 6 tons of 
manure per acre each year is too 
heavy for ordinary practice it 
shows that corn yields cannot be 
maintained at a high level by man
ure applications alone. As shown 
by Figure 1 a three-year rotation 
without manure or fertilizer was 
almost as effective, and the four
and six-year rotations were more 
effective in keeping up the yield of 
corn than was heavy manuring 

where corn was grown every year. On the average, therefore, rotation is 
more effective than heavy manuring in maintaining corn yields. Considering 
all of the crops grown ·On Rotation Field at the Missouri Station, the four
year rotation of corn, oats, wheat and clover was more effective in keeping 
up yields than any of the other rotations used. 

This evidence seems conclusive on the value of rotation f.o,r keeping 
up crop yields. If not, there is much other evidence in the experience of 
successful farmers of this and other countries, particularly in the older 
countries of Europe and Asia. 

It should not be C·Oncluded, however, that crop rotation will absolutely 
maintain yields. It is found in our oldest experiments with crop 'rotation 
that after a period of years, even under good rotations, crop yields gradu-
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ally but surely run down if all crops are removed and no manure o r fer
tilizers are used. Proper rotation, including legumes and careful handling 
o·f manure, will keep up the ·organic matter and nitrogen in soils, but other 
factors such as the supply of lime and phosphorus must be taken care of. 
It is not the purpose .of this publication to trea.t these latter factors.* 

EFFECT OF CROP ROTATION ON THE SOIL 

At the end of 25 years of cropping on the Rotation Field at Columbia 
all plots were carefully sampled and the soil analyzed. Little difference 
was found in the amounts of phosphorus and potassium in the soil of dif
ferent plots. Very significant differences were found, however, in the nitro
gen supply of soils that had been handled with different cropping systems 

Corn 
every 
LJear 

NITROGEN IN SURFACE rooT 
OF SOIL 

AFTER 25 YEARS OF CROPPING 
expressed in pounds 

Oats 
everlJ 
yea.r 

Wileat 
every 
yea.r 

AverMe 
.,.Pf all 
K.ota. tions 

FIG. 2.-How common field crops affect the soil. 

Timothy 
even; 
year 

for a quarter of a century. The results of these analyses are shown in the 
diagram (Figure 2). · A study ·of this chart shows how the common field 
crops vary in their effects upon soil nitrogen. The soil nitrogen is practi
cally all in the organic matter and the chart theref.o.re indicates the relative 
amounts of organic matter remaining in the soil. · 

•Corn, the only cultivated crop included, is much the most exhaustive 
of soil nitrogen. This is due mainly to two causes. Corn is a gross• feeder 

·*Write. for circular No. . 102 ·On "Keeping Soils Productive." 
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and uses much nitrogen; but even more important is the fact that c.1rn 
ground lies bare throughout the season giving every opportunity for leach
ing and washing. The process o"f cultivation also hastens decomposition 
of the organic matter. It does this by repeatedly turning the soil over, 
stirring air into it and thus hastening oxidation or decomposition. 

Wheat and oats are much alike in their drain on the soil nitrogen, 
being cultivated only when seeded. Wheat plots are shown to contain a 
little more nitrogen than oats plots, which is probably due to the fact that 
winter wheat partly covers the ground during the winter and gives less 
chance for the leaching away of plant food. Plant food as it becomes 
available is taken up by the growing wheat, part of it remaining in the root 
system and eventually being returned to the soil. Another factor to con
sider is the low yield of oats removed from these plots. 

It was found impossible to grow clover continuously for 25 years, 
but timothy was quite successful. When the soil was analyzed timothy 
plots showed the highest amount of nitrogen of any of the continuous crop 
plots. It is constantly in sod, thus redu~ing the loss of nitrogen, by leaching 
erosion and cultivation, Practically all of the plant food in timothy sod is 
that taken off in the crop. Surface washing is prevented by the sod absorb
ing nearly all of the rainfall or at least checking the surface runoff until it 
runs so slowly as not to carry away the surface soil. It is also true that 
the sod is always on the ground and living plants take up plant food ele
ments as quickly as they become available. 

When the nitrogen content of the two, three, four, and six-year ro
tation plots is averaged the nitrogen supply is found to be higher than 
that in any but the continuous sod plots. This is to be expected since the 
sod crop tends to keep up the nitrogen, but cultivated and small grain crops 
tend to run it down. The rotation plots therefore occupy an intermediate 
position. Some sod · crop should occur in practically every corn belt rota
tion. 

CROP ROTATION DISTRIBUTES LABOR AND INCOME 

The effects of crop rotadon in keeping up soil fertility and crop yields 
are not its only benefits. It is well known that cine source of the fa,rmer's 
trouble in keeping competent help is his ina.bi!ity to make profitable use 
of the same amount of help throughout the year. Transient help is always 
unsatisfactory. 

The use of a variety of crops in a rotation helps materially in dis
tributing labor evenly over the year. Plowing and: preparing wheat ground 
comes at a period when ·Other crops need little attention. Wheat seeding 
also comes at a comparatively slack period. 

Oats ground is prepared and oats are seeded before the corn planting 
season is on. Wheat, oats and rye harvests usually come at slightly dif
ferent periods, though in close succession. Their harvest comes late enough 
that in average years corn cultivation is well in hand. 

A certain labor advantage is to be secured from following clover or 
grass sod with corn. Corn following sod allows for a greater period over 
which ground can be plowed and prepared. Sod land can also be worked when 
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wet with less injury than land whi-ch has been under cultivation. As a rule 
sod land requires less cultivation and labor to keep the corn free of weeds. 
Continuously cultivated land is usually more foul with bad corn weeds. 

OTHER BENEFITS OF ROTATION 

Many other advantages of crop rotation may be listed. Weed control 
is most practical under rotative cropping systems. Buckhorn, major plantain, 
whitetop, yarrow and wild carrot are quite common in continuous grass 
land. Crab grass, yellow and green foxtail, cocklebur, bull nettle and morn
ing glory are very troublesome weeds in cultivated and small grain crops. 
These weeds can most easily be held in check by the systematic alternating 
of cultivated, small grain and sod crops. Continuous sod also often reaches 
a sod-bound condition, thus lowering its production due to factors other 
than soil fertility. 

One of the most effective means of control of plant diseases and. in
sect attack is through crop rotation. Corn smut is carried ·over to the 
next season through crop residue left on the land. Wireworms and cut~ 
worms are more plentiful on land which has been left in sod over long 
periodL • 

Another benefit of systematic rotation is that the farm will thus pro
duce a variety of products available at different periods during the grow
ing season. A one-crop system may throw its entire product on a high 
or low market and thus return either a profit or a loss. Again under a one
crop system, a crop failure results in extremely hard times for the year. 
A variety of crops, on the other hand, helps to equalize losses on the 
year's production. A season is seldom equally bad on all crops. On the 
other hand, history shows that only in rare seasons are corn, oats and wheat 
equally favored . A large corn crop often follows a fair to poor wheat 
crop. 

ROTATION IS BECOMING MORE COMMON 

The farmers of the central states have been slow to adopt crop rota
tion for several reasons. In the beginning soils were fertile and good 
crops have been possible without much attention to methods of soil main
tenance or improvement. Agricultural practice is still new in this country 
:mel it has not been necessary to give much thought to the use of improved 
methods. Older countries such as those of Europe have found it not only 
advantageous but prac:tically necessary to adopt such measures as crop ro
tation. Farming in the central west has been of the extensive type in which 
large acreages of the most profitable crops are grown. 

This condition is rapidly changing. Even our best soils are found to 
lose some of their native productiveness und.er careless or unsystematic 
methods. Gradually it is being learned that some attention to soil main
tenance is necessary: Some evidence of this change in attitude is seen in 
the decreasing numbers of farmers who burn their corn stalks and their 
straw. One of the cheapest means of improving soil management is the 
adoption of a suitable c-rfln rM,.tion -
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soil washing and fill the soil with masses of roots which later decompose and 
increase the supply of organic matter. This greatly improves the soil tilth. 
If the sod crop is also a legume it has the double advantage of adding to the 
supply of nitrogen in the soil, provided of course, that this nitrogen is not 
all removed by selling the legume crop as hay. There are various legumes 
which do not belong to the class of sod crops but which have a value as 
nitrogen building crops. In this group are soybeans, cowpeas and Canada 
field peas. They are not so beneficial as clover and alfalfa which belong to 
both the legume and the sod forming classes. 

The well known ability of legumes as nitrogen builders is of course 
due to the bacteria which they harbor in nodules on their roots. Some
times these .are lacking and must be supplied by means of inoculation. This 
is only in case of legumes which are new to a particular field or which 
show by the absence of root nodules that the bacteria are lacking.' It is 

lin llctua/. Central !'1tssoun Farm of /60 fie res 

/Is flrran9ed Before Usmq a Rotafton and !Is flrranqed lUter 1/doptmq a Rotatron 

Corn 
Corn 
Oat5 
Gra. ., s 

Cra~:s 
Cras.1 
Corn 
Corn 

lot ~r Cor" 
2nd yrOat., 

.3rd ~r Wheat 
'lth qr Clover 

a.. .. 
Wheal 
C/u11er 
Corn 

Wheat 
Clover 
(ol"'n 
Oats 

1~ IG. 4.·~Laymg- u\lt a inrm to facilitate crvp f1ltatiuu. 

Clover 
Corr1 
Uilt~

'vlheol 

highly important that the farmer provide inoculation if the soil is not in
oculated. It can be done at little cost and is too important a matter to 
neglect. 

Any rotation to be satisfactory must include at least one legume. Gen
erally it should contain one or more sod crops as well as a cultivated crop 
which serves to keep the soil clean. On soils that are rolling or occupy 
steep slopes, sod crops are more imperative because they are effective in 
the prevention of soil washing or erosion. 

From a business point of view crops are sometimes classified as cash 
crops, feed crops, and green manure crops. Cash crops are grown for sale 
as one of the chief sources of income. Wheat or potatoes are usually 
classified in this group, while corn, soybean seed and clover seed may be 
so used. Hay is usually classified as a feed crop to be fed on the farm, 
and cprn and oats are frequen11y fed. 

A green manure crop is one grqwn solely for soil enrichment. It is 
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therefore not harvested but is plowed under. Such a use of crops is not 
at all common because producing :.t crop for manure only is expensive 
since the cost of seed, work and rental must be charged against it. It is only 
justified in special cases such as growing a catch crop of cowpeas after 
wheat, a practice common in southeast Missouri, or rye grown during fall 
and winter to plow ·down before a summer crop, or cover crops grown in 
orchards or the second crop of clover. The use cf green manure in such 
cases is a quick means of increasing the organic matter in soils as it re
turns much more organic matter than if the crop is fed and the manure re
turned. Where the green manure crop is a legume, much nitrogen may 
thus b.e added. It js usually better however, to grow a greater abundance 
of feed crops to balance i:he loss in feeding and gain the profit of feeding 
as well as the manure for soil enrichment. 

METHOD OF HANDLING A CROP ROTATION 

There are numerous difficulties involved in establishing and maintain
ing a crop rotation. The fields on a particular farm are often not laid out 
so as to fit a rotation. Land varieS\ in its adaptation to clover; wheat may 
winter kill. Also the market may become very unfavorable to growing a 
particular crop. 

In nearly every community of progressive farmers some will be found 
who have surmounted these difficulties. Their methods should be studied 
with a view to making crop rotation more successful. 

It is practically necessary that the number and size of fields be adjustecl 
or the crops selected so that there will be as many fields as there are years 
in the rotation. Where there are a large number of small fields they may 
be combined into groups, cropping each group as one field. These fields, 
or groups of fields, should be approximately equal in area, in order to give 
a steady supply of each crop, omitting seasonal variations which cannot 
be prevented. This is easy on level farms where all the land is tillable, 
but on farms which are cut up by ravines, steep slopes, bottoms or wood
lands, it usually requires some ing<;nuity and a close study of the farm'5 
possibilities. Fortunately in the better farming areas such cases are few. 
There are exceptional cases also where a bottom field has its soil annually 
renewed by overflow and which is suited best to almost constant cropping 
with corn. A very high percentage of farms can and should be arranged 
for systematic crop rotation. 

The accompanying diagrams show how farms on which there is con
siderable rough land may be arranged to accommodate different rotations. 

Each farm is an individual problem so far as its arrangement of fields 
is concerned. It is usually not practicable to move all fences at once and 
completely z:eorganize a badly arranged farm. A suitable plan of arrange
ment should be studied out, however, and adopted as rapidly as possihle 
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Plan for 160 acre arm th t · II f"J/ bl a IS a IQ e and near 1.f level. 
Buildings, 
Lots, Orch o.rds. 
etc. SAc.res. 

F;eld fl F;e/d B field C field 0 

1st ljr Corn Oats or \Jheat Clover and 
5o~ beans Tim"thlf 

2nrJ't Oats \Jh eat Clover and Corn 

or oldbeans "Timothlf 

3rd l.jr wheal Clover and Corn Oats 0" 

Timoth~ 5olfbean~ 

4thl.jr Clover Corn Oats or Whea t 
and T1mothy 5o~ beans 

. 

Rotation plan for a. 160 acre dair~ farm ~t~ith a major and 
a minor rotation. Fields If. B. and C for majpr rotation 
of corn. oats, and clover Fields D.[, F. and lr for minor 
rotation f ~ d t d 0 oraae croos as m 1ca e . 

Build;I;Field 0 81/cres FJeld II 40 acres Oo.ts an as '" earl l.f 
and Lots s~gn9. ~Jl}w~d ~ .cotP'ff' a seeae to r'i m o./1 lst l.jr Corn 

F'; e ld £ 10 Acres. 
R~J. fo;i winter and earl~ sprinq 2nd.~r Oats 
ft: . allowed bq SOl{ ea ns. 

3n:!:tv Clover 
Field F IOAcres. 

Corn with soybeans to be f:stured 
Repeat after 1923 b4 hoqs or used for si a.qe. 

Field G IOAgre~. 
1/lfa.lfa. to be/eft for Jears, and 
then shifted to Fief D. 

F1eld C 40 acres f ,dd 8 40acres 
1st 4r Clover 1st yr Oats 
2ndyr. Corn 2nd.yr Clover 
3rd tp- Oats 3rd.l.JrCorn 

. Repeat after 19 23 Repeat after 1923 

FIG. 5.-Rotation plan for level land. 
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Rotation plan for farm on wJu·c!-J there 1s 
much rouqh lana 

Clover lst yr 
Corn 2ndLJr 
Oats 3rd lfr 
'Wheat 4th 4r 

Corn lst.yr 
Oats 2nd lfr 
'vlheaf 3 rd.l.fr 
Cfover4th r 
Oats lst yr 
'vlheat 2nd.yr 
Cfover3rd yr 
Corn 4th LJr. 

0e/d 8 251/ 

'vi heat r st.yr 
Clover 2nd.1fr:" 
Corn 3rd. LJr 
Oats 4th · 

field C 2. 61/ 

Field plan of an actual farm in the Qz arK 
Border country with a rotation su1tab/e to 
a combmafJOn bottom and u land farm 

Meadow 
and 

Pasture 

l"leadow and Pasture 

FIG. 6.-Rotation plan for rough land. 

Field B 
J511cres 
(U pla.nd) 

Wheat [92[ 
Clover /S22 
Sm-jbea(l5 /9 23 

Fi'eld II 
35 1/cres 
(Upkwd) 
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SEQUENCE OF CROPS 

Following the principles which have been laid clown, each farm er should 
select the crops best suited to the type of farming which he desires to 
follow. These should then be arranged t o follow each other in proper or
der to get the best results with the least expencl,iture of labor. 

Oats are grown in Missouri mainly because of their low labor costs 
and in that they pave the way for wheat or grass. It is not" the common 
practice to plow ground for oats. The preparation of the seed-bed and time 
of seeding come at a period before corn planting. 

In cropping systems following corn with oats and wheat in the order 
named, ground is usually plowed before corn and after oats. Except in 
the northern one-fourth of the State oats are not, as a rule, a paying crop. 

Soybeans work well in a cropping system, replacing oats. They may 
replace the oats crop entirely or only in part as best suited to the individual 
farm. Where soybeans are thus used no more plowlngs are required than 
for oats. Ground is plowed before corn and again before soybeans. Wheat 
is seeded on the soybean stubble without plowing. On average land where 
both clean and level cultivation of soybeans is practiced, an ideal seed bed 
is automatically prepared for wheat. Double disking and harrowing soy
bean stubble is the only preparation required. 

The most common cultivated crop is corn and it will have a place in 
nearly all . of the r otations selected by Missouri farmers, but in special lo
cations soybeans may be the cultivated crop. 

The cultivated crop leaves a good seed bed for a small grain crop. 
Often two crops of small grain arc g·rown in succession. 

The small grain. offers suitable conditions for seeding ·grasses. T imothy 
is often seeded in wheat or rye in the fall, while seeding the wheat, or seed
ed with clover in the spring on the same field. This gives two chances 
for a successful stand of hay. If both succeed, the clover makes up the 
bulk of the first year's hay crop, but timothy largely replaces it in the 
second and succeeding crops. After one to three seasons the sod is plowed 
and again prepared for the corn or other cultivated crop. 

One of the chief difficulties in maintaining a regular order of cropping 
is the failure of certain crops of the rotation. It is a rather common prac
tice to replace any unsuccessful crop with corn and start a new ronn<l 
of the r otation, but this gives a larger acreage of corn than is beneficial to 
the soil and starts two fields at the same point in the rotation thus break
ing up the system. These crop failures should be provided for in the plan 
by substituting a similar crop for one that fails . If wheat winter kills oats 
may be substituted. If clover fails when seeded with timothy the latter 
crop may be left as the sod crop. If clover fails when seeded alone or if 
clover and timothy both fail, the next best possibility is the substitution 
of a legume crop usually soybeans or cowpeas. ·Such a plan does not dis
arrange the rotation. Good farming will prevent many crop failur es, but 
when unavoidable failures come the field should be brought around to 
bearing its proper crop in the prearranged plan as soon as possible. The 
use of lime and phosphates will reduce the number of clover failures. 

Many farmers do not attempt to follow any regular systematic rota-
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tion but change from one crop to another as their immediate judgment 
dictates. This method loses some of the advantages of a more farsighted 
plan, however, because the proportion of legume and sod crops is often 
not kept clearly in mind and there is always a temptation to choose more 
corn or other soil wasting crops because the immediate profit is frequently 
greater. The exces9ive use of grain crops although likely to swell the im
mediate gains is at the expense of soil fertility and eventually tells in re
duced yields. Without a prearranged plan most farm operators will not 
always follow their own best farsighted judgment. 

CROP ROTATION ON RENTED FARMS 

Lack of any cropping system is most common on rented farms because 
the man who rents on the usual short time lease cannot be expected to 
have any interest in the farm beyond, the term of his own contract. He 
ordinarily puts in a larger proportion of grain crops than is justified on 
the best of soils because this serves his immediate purpose best and he 
has no other interest in the particular farm. The landowner and not the 
tenant is to blame. Many landowners attempt to protect their soil by 
stating the amount of grass to be sown each year, but this is often done 
in a half-hearted manner and is not sufficient protection. Often the land
owner, in his desire for immediate profits is as shortsighted as the short
time tenant. If he really desires to protect his property, however, the 
lease should be so exact as to specify the cropping system to be followed 
on each field each season. It is possible to include a diagram of the farm 
on which each field is represented and the crop to be grown each year is 
specified. In the long run this would benefit both tenant and owner. 

ROTATIONS FOR THE BEST MISSOURI UPLANDS 

The chief area included in this group is the large d,istrict of rolling 
black prairie soils in northwest Missouri. The more level and better areas 
in the north central part of the state are also included as well as the black 
prairie soils lying east and south of Kansas City. 

These are districts of fertile soils and extensive farming. The very 
fertility of their soils has often operated against the soil saving practice of 
systematic crop rotation. To preserve their present standing in crop pro
duction, however, much more attention must be given to soil maintenance. 
No soil is so good that it will maintain itself against the ravages of care
less cropping. 

Partial List of Crops Suited to the Best Uplands. 

Cultivated Crops 

Corn 
Soybeans 
Potatoes 
Tobacco 
Sorghum 

Sod Crops 

Red clover 
Alsike clover 
Alfalfa 
Timothy 
Bluegrass 
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unless the manure, stalks, straw, etc., are returned to the soil. This rota
tion has the one objection of using oats as a nurse crop for clover. Oats 
shade the ground heavily and are harvested rather late. Early oats make 
a better nurse crop than late oats. 

Rotation No. 2 for general or grain farming: 1. corn, 2. wheat, 3. 
clover. 

This rotation has the same advantages as No. 1 except that it is more 
difficult to sow wheat after corn than to sow oats. It is especially well 
adapted to farms where corn is cut and shocked or used for ensilage. 

Rotation No. 3 for general farming: 1. corn, 2. corn, 3. oats, 4. wheat, 
5. clover. 

This rotation increases the amount of corn to two fifths of the farm 
and to maintain the soil, much care must be given to putting back, manure, 
stalks, straw, etc. 

Rotation No. 4 for the larger stock farms: 1. corn, 2. corn, 3. oats, 4. 
clover and timothy, 5. clover and timothy. 

This gives an abundance of corn and hay as well as oats and oat straw. 
Where timothy is seeded with clover the chances of getting a stand of 
hay are increased. In this system timothy and clover are seeded in the 
oats in the spring. Wheat may be used instead of oats. 

Rotation No. 5 for grain farming: 1. corn, 2. soybeans for seed, 3. 
wheat, 4. clover for seed. 

This is a good rotation in that it keeps a legume on the land most of 
the time and includes a sod crop. For a strictly grain system where little 
manure is provided, wheat and soybean straw as well as clover chaff and 
corn stalks must be returned to the soil if the soil is safely kept up. The 
soybeans and corn compete for labor but this includes only half of the 
farm in cultivated crops. Wheat follows soybeans most advantageously. 
Sufficient clover should be cut to supply hay for the stock necessary even 
on a grain farm. 

This rotation may be used for mixed farming where all roughage and 
part of the grain is fed, if the manure is then taken care of. In this case 
part or all of the clover may be cut for hay. 

ROTATIONS FOR THE LEVEL PRAIRIES 

The level prairies of Missouri are ·chiefly in the northeast and south
west sections of the state. They vary from undulating . to level plains 
where drainage is sometimes a problem. Most of these soils are sour and 
will not grow red clover satisfactorily until the soii has been limed.* The 
clay subsoils under these prairies are often rather compact and impervious. 

Timothy and wheat are among the best adapted crops and are widely 
grown. There is at present a very serious lack of legume crops on these 
prairies and the soils are usually not being well maintained. Lime should 
be used and clover seeded. In the southwest Missouri prairies, periods of 
dry weather offer an additional problem in the way of growing clover. 
Alsike clover withstands wet conditions better than red or sweet clover. 

*Write to the Missouri Experiment Station for Bulletin 171 on Liming. 
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Where clover is used in the following rotations it is understood therefore 
that alsike clover may well be used where drainage is poor. 

None of the clovers can be considered a dependable crop on sour soils 
and it will often be necessary to use lime before any of them can be 
grown. Where liming can not be done immediately a temporary rotation 
of crops suited to sour soils may be used, but in most cases it is advisable 
to use lime as soon as possible, and then adopt a rotation containing one 
of the clovers. Where clover is uncertain it is advisable to mix timothy 
and clover, thus increasing the chances for a stand of hay and for a sod 
crop. Timothy is usuaiiy seeded in the fail, either in wheat or rye or alone. 
The clovers are all seeded in the spring. 

In Southwest Missouri the grain sorghums, such as kafir, milo, and 
feterita may well be used instead of corn in some cases. They are culti
vated crops and occupy the same place in the rotation. Where grain sorg
hum is grown in place of corn* the kafirs are to be preferred over all other 
varieties. They may therefore be substituted freely in the following rota
tions where corn is included; 

Partial List of Crops for the Level Prairies: 

::::ultiva.ted crops 

Corn 
Soybeans 
K·afir 
Sweet sorghum 

Small grains 

Wheat 
Oats 
Rye 

Sod crops 

Timothy 
Red clover 
Alsike clover 
Sweet clover 
Redtop 
Bluegrass 

Annual legumes not included in sod 
crops. 

Soybeans 
Cowpeas 

Suggested Rotations for Level Prairies-Rotation No. 1 for large stock 
farms: 1. corn, 2. corn, 3. oats, 4. wheat, 5. clover and timothy, 6. clover 
and timothy. 

This is a well balanced rotation for soil upkeep and distribution of 
labor. The crops follow each other conveniently. Soils of the level prairies 
should never have corn on them more than a third of the time unless in 
cases of emergency. This rotation req11ires six fields and is fherefore not 
so well suited to small farms. 

Rotation No. 2 for large stock or general farms: 1. corn, 2. corn, 3. 
soybeans, 4. wheat, 5. clover and timothy, 6. clover and timothy. 

This is the same rotation as No. 1 except that soybeans replace oats. 
It has the same advantages except that it is even bett.er for the soil by hav
ing an additional legume crop. The soybean is a better crop than oats, 
but requires a little more labor. 

*Write for the Missouri Experiment Station Bulletin No. 185, "Corn in Missouri." 
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Rotation N o. 3 for stock farms: 1. corn, 2. oats, 3. clover and timothy, 
4. clover and timothy. 

This is a good soil-maintain ing rotation since it keeps the soil cover ed 
with a crop for over half of the time. It gives only one-fourth of the farm 
to corn, which reduces labor but does not give as much corn as some feed
ers may require. By plowing up the sod after the first hay crop this ro
tation may be reduced to three years and adapted to a three field farm. 
Rye may be drilled in the corn for fall and winter pasture but the land will 
then need plowing for oats. 

Rotation No. 4 for general farms: 1. corn, 2. oats, 3. wheat, 4. clover 
and timothy. 

This is an old standard rotation proved py the experience of many 
fanners. On a livestock farm all but the wheat and part of the oats should 
be used for feed and bedding. Oats straw makes good winter roughage, 
while clover hay, corn and oats provide a fairly well balanced feed supply. 
The manure thus made will keep the soil in excellent condition if properly 
used. Soybeans may also be substituted for oats in this rotation. 

Rotation No. 5 for sour soils: 1. corn, 2. soybeans or cowpeas, 3. 
wheat, 4. timothy. 

The crops in this rotation will endure a certain amount of sourness in 
the soil. It is not so good as a rotation with clover in it, however. anrl it 
is usually ad..,isable to lime the soil as soon as possible and then mix clover 
with the timothy. Even without liming it is usually advisable to sow some 
alsike clover with the timothy since this clover is a little more hardy than 
red clover. It stands wet land better and the seeding is Jess expensive. 

ROTATIONS FOR THE BETTER ROLLING UPLANDS 

This includes the rolling to rather hilly lands where the soils have 
good depth and fertility, but are subject to erosion if not carefully handled 
Experiments now being carried on by the Experiment Station show that 
even on gently rolling lands erosion may cause a large Joss of nitrogen from 
the soil. More than ordinary care is necessary to prevent it. In selecting 
a rotation for rolling lands, therefore, attention must be given to choosing 
crops which will cover the land through the winter when erosion is often 
severe. 

Some rolling lands occur throughout the state, but the districts in 
which they predominate and yet which have good deep soils are North 
Central Missouri, the river hill belt, chiefly along the Missouri and Missis
sippi rivers, and the Ozark Border Region. The Ozark Border Region is 
most extensive in Southwest Missouri, particularly in the Springfield dis
trict, but QCcupies a belt along the west, north, and east s:des of the 
Ozarks. Naturally a great variety of conditions must be met in the various 
sections of rolling country. Not all of the good crops and good rotations 
can be given here. 

Rolling lands are best suited to livestock or general farming, including 
dairying as a phase of livestock farming. Fruit growing is also adapted 
but cannot be included in this discussion. Grain farming is unsuited to 
the ·conditions. Limited districts in the river hill or brown loess area, par-
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tured too close; neither can it be pastured while the ground is soft, with
out serious injury to the soil. 

Oats may be used in place of soybeans but if rye is used as a cover 
crop this would require plowing the 'land for oats, which is usually im
practical. 

If the soil is sour and can not be limed at once, clover may be omitted 
from the fourth year until lime can be provided. 

Rotation No. 2 for general farms: 1. corn, 2. wheat, 3. clover and tim
othy. 

This is also a well balanced rotation with a crop on the land each win
ter. It requires but three fields and is therefore suited to small farms. It 
is, however, difficult to sow wheat in standing corn. The rotation is well 
suited to stock and dairy farms where the corn is used for silage, or where 
corn is cut and shocked. The timothy is included as insurance against 
a failure in securing a sod crop. 

Rotation No. 3 for stock farms: 1. corn, with rye cover crop, 2. corn, 
3. wheat, 4. clover and timothy, 5. clover and timothy. 

This is a well balanced five-year rotation for soil maintenance. Diffi
culties in seeding rye and wheat in corn are encountered but this is unavoid
able if corn ground is riot to be left bare through the winter. It necessi
tates cutting the corn or seeding between the rows. 

Rotation No. 4. for livestock farms: 1. corn, 2. rye for pasture; 3. clover 
or clover and timothy. 

This rotation furnishes corn as the only grain, but gives an abundance 
of roughage especially if the corn is cut for silage; . or shock corn. Rye 
may also be used· for grain. It is hardy, matures early and does not shade 
the ground as much, which gives the clover a good chance. 

Rotation No. 4 for general farm with part fertile bottom land and part 
upland soil: For bottom land, alfalfa 5 years, corn 5 years; for upland, 1. 
soybeans, 2. rye, 3. timothy and clover. 

With this plan all corn is grown in the bottom, where half the area 
is kept in corn and the other half in alfalfa. This keeps corn on the same 
field longer than is usually advisable, but if it is kept in corn only half the 
time, and manured, bottom soil will be kept in a very satisfactory state of 
fertility. It is uot feasible to reseed alfalfa more often than once in 4 or 
5 years. 

With no corn on the upland this arrange'ment provides soybeans for 
' cash crop, and ~ye may be either sold or fed. The upland soil is thus 
overed each winter, and an abundance of feed is provided. 

ROTATIONS FOR THE POOR ROLLING UPLANDS 

Limited areas of rather poor hilly upland soils occur at various places 
over the state. They are usually intermingled with areas of better soils. 
As a class they are inclined to be shallow, unproductive, and subject to 
severe erosion, if left unprotected. There is a higher percentage of such 
lands in the Ozark Region than in other districts. 

The chief problem on lands of this character is the prevention of ero
sion. Much of it is best left in pasture, which is the greatest means of 
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a voiding erosion. Where not too steep farming is profitably done if care 
is used in selection of crops and methods of soil management. The soil 
should not be left bare over winter, and the acreage of cultivated crops 
must be kept down to the minimum. Farming should be done across the 
>lope rather than up and down it. In some cases terracing is advisable.' 

These areas of rolling lands have excessive drainage, and frequently 
suffer from drought. It is therefore best to select crops which withstand 
spells of dry weather well. In the Ozark uplands it has been found that 
the grain sorghums will yield more bushels of grain than will corn under 
the same circumstances. Their use in place of corn for either g rain or 
silage is strongly recommended.' Rye which is hardy, early maturing and 
drought-resistant may be used instead of wheat in many instances. 

Much of the poor rolling land is sour even though it may have been 
derived from limestone. Slopes lying below limestone outcrops are usually 
not sour because lime constantly washes down into them. Where the soil 
is sour, lime should be provided before much success is likely to be attained 
with the clovers. 

Only livestock or fruit farming should be attempted on these lands. 
Just enough grain should be grown for use as feed, except that wheat or 
rye may often be sold. 

Over this section soybeans and cowpeas should be grown. They are 
drought-resistant, are well adapted to slightly sour soils, and have the 
ability to make fair returns on thin soils. They are well adapted to grow
ing for either seed or hay. As a cash crop for seed they are more profit
able than corn over much of the section, and are not so hard on the soil. 

Crops That May Be Grown on the Poor Rolling Uplands: 

Cultivated crops 

Corn 
Kaiir or other grain sorghums 
Sweet sorghums 
Soybeans .for seed 
Cowpeas for seed 

Small grains 

Wheat 
Rye 
Oats 
Millet 

Sod crops 

Timothy 
Orchard grass 
Bluegrass 
Lespecleza or Japan clover 
Red clover 

Annual legumes not included in sod 
crops 

Soybeans 
Cowpeas 

Suggested rotations for poor upland soils.-Rotation No. 1 for general 
farming: 1. corn or grain sorghum, 2. rye or wheat, 3. timotby and clover, 
4. timothy and clover. 

This plan keeps the soil covered every winter and in sod more than 
half of the time. It will supply mucb forage and a fair supply of grain. 
If rye is used it may be ground with corn or grain sorghum for feed, thus 

'Write for Experiment Station Circular No. 98 011 The Mangum Terrace. 
•Write for Experiment Station Bulletin No. 185 011 Com in Missouri. 
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providing for a strictly livestock system of farming. If the manure is 

properly handled this makes an excellent system for soil maintenance. 

Rotation No. 2 for general farming: 1. corn or grain sorghum, with 

rye in fall, 2. soybeans or cowpeas, 3. wheat or rye, 4. clover and timothy, 

5. clover and timothy. 
This also provides winter cover, an abundance of legumes, to build up 

nitrogen, and a good acreage of sod crops. It provides for seeding wheat 

or rye after soybeans or cowpeas, which is often preferred to seeding after 

corn. 
Rotation No. 3 for grain farming: 1. wheat, 2. wheat or rye, 3. clover 

and timothy. 
On thin, eroded areas where a cultivated crop is not desired this plan 

may be used. If rye is used as one of the grain crops it will give a smaller 

chance of loss from a bad wheat season. Timothy is added as an insurance 

against a sod crop failure. 

ROTATIONS FOR THE BEST BOTTOM SOILS 

Lands of this character are found all along the bottoms of the Missouri 

and M.ississippi rivers. There are also small areas along many smaller streams. 

The most extensive area is the large lowland region of southeastern Mis

souri. The most productive bottom soils are included, from those contain

ing some sand but not enough to be harmful, to those that are too heavy 

to be farmed easily. 
These soils are capable of producing corn more of the time than the 

upland soils, but this fact is realized too well, and in many cases corn is 

grown almost continuously. No soil will stand continuous corn production, 

however, with the possible exception of soils which are overflowed fre

quently. It is at least probable that no farm should have more than three

fifths of its area in corn if the soil is to be permanently maintained. It is 

much easier and cheaper, in the end, to keep a soil in a high state of pro

ductiveness than to build it up if it is once permitted to run down. Soils 

of this group need little besides a good rotation and proper use of manure 

and crop residues to keep them productive. 
Alfalfa is better suited to the best bottom lands, where drainage is 

good, than to any other group of soils in the State. It does not lend itself 

to use in short time rotations, but after providing fields for a rotation an 

extra field should be set aside for alfalfa. When the stand finally fails or 

ct is desired for any reason to plow it up, this extra field may be taken 

into the rotation and one of the rotation fields used for alfalfa. 

Where potatoes are grown extensively they may be substituted for corn 

in these rotations. Wheat is a good crop to follow potatoes. 

Crops Suited to the Best Bottom Soils: 

Cultivated crops 

Corn 
Potatoes 
Soybeans for seed 

Sod crops 

Alfalfa 
Red clover 
Alsike clover 
Timothy 
Bluegrass 



Small grains 
Wheat 
Oats 
Barley 
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Annual legumes not incluaeci in sod 
crops 

Soybeans 
Cowpeas 

Suggested rotations for the best bottom soils.-Rotation No. 1 for gen
eral farming: 1. corn, 2. corn, 3. oats or wheat, 4. clover. 

This rotation gives half of the farm to corn and the clover crop com
bines the sod and legume crops necessary to a satisfactory rotation. Corn 
may be followed by oats better than by wheat. Early oats should be used 
since they make a better nurse crop. 

Rotation No. 2 for general farming: 1. corn, 2. corn, 3. corn, 4. oats 
or wheat, 5. clover and timothy, 6. clover and timothy. 

On large farms where six fields can be provided this is a good ·rotation. 
Under exceptional conditions, including a very fertile soil and exceptional 
care in returning manure, straw and other crop residues, the clover and tim
othy may be plowed up after one year, but it is doubtful whether such a 
practice can maintain productiveness unless considerable feed is bought, 
to make more manure, and nearly all of the corn is fed. 

Rotation No. 3 for general fanning: 1. corn, 2. corn, 3. corn, 4. soy
beans, 5. wheat, 6. clover. 

This is an exceptionally good rotation on strong soils where sufficient 
labor can be provided to take care of cultivating so much corn and soy
beans. Less labor is ·required if oats be substituted for the soybeans, but 
the crop is not so valuable either for profit or soil maintenance. 

ROTATIONS FOR SANDY BOTTOM SOILS 
There are considerable areas of sandy soils in the bottomlands of 

nearly all streams. A small _part of this acreage is too sandy for profit
able cropping. Most of the area is fertile but needs more care than the 
silty soils, if its fertility is to be preserved. 
Sandy soils are exceedingly well suited to legume crops, once they are 
established. The open character of these soils is favorable to the deep root 
systems of legumes, and nitrogen fixing bacteria -on legume roots grow 
abundantly in an open soil. This is fortunate because open sandy soils 
lose their organic matter and nitrogen rapidly on account of the free air 
eirculation and rapid decay in such soils. 

The chief difficulty involved is in the seeding of clover and alfalfa. 
Sandy soils dry out Quickly on the surface and small seeded crops of this 
type may be killed out before their roots become established deeply enough 
to draw moisture from lower levels. If the surface soil is kept well filled 
with organic matter as manure, straw, stalks, etc., this drying out process 
is largely avoided. 
· Some sandy soils are also found to contain too little lime for clover 
and "alfalfa, but their most serious deficiency is in the supply of organic 
matter. 

Cowpeas and soybeans are easy to establish and exceedingly well 
adapted to sandy soils. The best soybean and cowpea lands of the state 
are the sandy soils of southeastern Missouri. Special crops such as melons 
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This rotation is good for those areas which are not too sandy to get 
clover started. 

Rotation No. 3 for general farming: 1. cotton, and rye, 2. cowpeas, 
3. corn and rye, 4. cowpeas. 

This plan includes rye seeded in both corn and cotton crops to be used 
as winter pasture and plowed under for organic matter in the spring. As 
much cowpea straw or manure should be returned as possible. 

ROTATIONS FOR GRAY BOTTOM SOILS 

Gray bottom soils occur in limited areas throughout the state, but are 
most extensive in the western part of the lowland area of southeastern 
Missouri. They were formed under conditions of poor drainage or are 
very old soils that have been s·ubjected to much leaching. They usually 
have rather heavy, compact subsoils, and consequently under drainage and 
aeration may be insufficient. Most of these soils were originally timbered 

Corn, wheat, cowpeas and timothy are adapted to these soils. In gen
eral they need lime before clover does weJI on them. Where well culti
vated, corn is a fair to good crop. The usc of lime, followed by alsike clover, 
will do much for these soils. l~ice is grown successfully on certain soils of 
this group in southeastern Missouri; 

Crops Suited to the Gray Bottom Soils: 

Cu1tivated crops 

Corn 
Soybeans 

Sod crops 

Timothy 
Redtop 
Bluegrass 
Alsike clover 
Red Clover 
Lespedeza or Japanese clover 

Small grains 

Wheat 
Oats 
Rye 
Rice (in some cases) 

Annual legumes not included in sod 
crops 

Soybeans 
Cowpeas 

Suggested rotations for gray bottom soils.-Rotation No. 1 for general 
farming: 1. corn, 2. wheat, 3. timothy and alsike clover. 

This rotation is well balanced and suited to the soil. It is very good 
if arrangement is made for seeding wheat on corn ground. Oats or rye 
may be used instead of wheat. If desired the timothy and clover may be left 
for two years, making a four year rotation, which is highly beneficial to 
the soil. 

Rotation No. 2 for general farming: 1. corn, 2. cowpeas, 3. wheat, 4. 
timothy and alsike clover. 

This is an easier rotation to maintain since cowpeas follow corn more 
easily than does wheat. It may also be extended by leaving the timothy 
and clover for another year. 



26 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 183 

Rotation No. 3 for rice farming: 1. rice, 2. rice, 3. soybeans cultivated 
for seed. 

This use of cultivated legume crop in rice growing aids in cleaning out 
red rice and weeds as well as in adding some nitrogen to the soil. 

ROTATIONS FOR GUMBO BOTTOMS 

.Soils of this class are inherently fertile, but difficult to handle. Drain
age is usually poor and plowing difficult. The am·ount of work necessary 
in the spring when gumbo soils are wet must be reduced to the minimum. 
Fall plowing is advisable and erosion is not a problem. 

Under conditions of poor drainage the best .crops are wheat, timothy, 
alsike clover and corn. With improved drainage alfalfa and red clover 
are good crops and corn is greatly improved. 

Gumbo is difficult to plow if not in just the right moisture condition. 
It is therefore highly desirable to have large plowing equipment to plow 
rapidly when conditions are favorable. 

Cultivated crops 

Corn 
Soybeans 

Sod crops 

Timothy 
Alsike clo' er 
Red clover 
Alfalfa 
Bluegrass 

Crops Suited to Gumbo Soils: 

Small grains 

Wheat 
Oats 
Barley 

Annual legumes no·t included in sod 
crops 

Soybeans 
Cowpeas 

Rotation No. 1 for general farming : 1. corn, 2. corn, 3. wheat, 4. tim
othy and alsike clover, 5. timothy and alsike clover. 

This gives a good balance of crops for soil maintenance and is good 
where half of the corn can be cut. Where no corn is cut oats may be used 
instead of wheat, ·but oats are difficult to seed on gumbo because it is too 
wet during the oats sowing season. They usually lodge badly also. 

Rotation No. 2 for general farming: 1. corn, 2. wheat, 3. wheat, 4. 
timothy and alsike clover, 5. timothy and alsike clover. 

This gives a greater acreage of wheat and reduces the amount of 
ground necessary to be worked in the spring. • 

Rotation No. 3 for general farming: 1. c~rn, 2. soybeans, 3. wheat, 
4. timothy and alsike clover, 5. timothy and ·alsike clover. 

This plan combines crops that follow each other easily. By using an 
early variety of soybeans they may be seeded later than corn after the 
soil has dried out to some extent. 
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ROTATION THE FIRST STEP IN ESTABLISHING SYSTEMS OF 

PERMANENT FERTILITY 
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