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SUMMARY. 

1. There is choice even among good rotation schemes. 
In these experiments all those cropping systems gave large 
net profits in which corn, small grains, and timothy and 
clover sod laid for. one to four years, were arranged in a 
four to seven year rotation, with light manuring once dur
ing the course. 

2. The standard five year rotation followed on the 
check plot is: First year, corn, following the application 
of eight tons of manure per acre; 2nd year, wheat; 3rd and 
4th years, meadow; 5th year, oats. This rotation has 
given an average gross income per year, based on average 
farm prices, of $14.08. The cost of production, including 
$3.50 land rental, is $9.05, leaving a net annual income of 
$5.03 per acre. 

Several other rotation schemes were even more profit
able than the one used for a standard; while crops grown 
continuously and crops not properly arranged in the rota
tion were less profitable or even resulted in a loss. 

4. The best rotations in these experiments have 
yielded a product worth from four to six dollars per acre 
more than is obtained on the average farm throughout 
the state. 

5. Many Minnesota farmers would profit were they 
to practice systems of cropping which include the alterna
tion of grain crops, grass crops as clover and timothy sown 
together, and cultivated crops arranged in any rotation 
scheme best suited to their conditions. 

6. The experimental evidence (see Part II.) shows 
that the use o fmanure and clover add to the nitrogen and 
that manure, also clover and timothy, add fresh vegetable 
matter to the soil. 

7. Any systems of cropping that have provided for 
the maintenance of a supply of vegetable matter in the 
soil, either by manuring or by growing pasture or meadow 
crops, have given profitable returns. 
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8. The plots which have grown cultivated crops, 
such as corn, potatoes and mangels, continuously without 
manure, have given poorer returns than have the plots 
which have grown grain continuously without manure. 
This is believed to be due to the fact that the intertillage 
given these crops has caused a more rapid depletion of 
vegetable matter than has taken place in the continuous 
grain fields. 

9. The four-year rotation: First year, millet; 2nd 
year, barley; 3rd year, corn; 4th year, oats, on Series II, 
Plot 5, gave no better returns than did the plot on which 
wheat was grown continuously. All of the crops in this 
rotation are considered exhaustive crops, as they all de
crease rather than increase the supply of vegetable matter 
in the soil. . 

10. The practice of sowing grass seed with the grain 
on corn land that is disced in the spring in place of fall 
plowing, has resulted in securing a grass stand in neady 
every instance. It has proved to be the surest method of 
obtaining a grass stand of any tried at University Farm. 



THE ROTATION OF CROPS. 

\\T. M. HAYS, ANDREW Boss, A. D. WILSON. 

The rotation of crops has for its object an increase in 
the yield per acre without a corresponding increase in the 
cost of pro·duction. 

The experiments with crop rotations herein reported 
have been conducted to allow the plants grown in the 
ordinary field way to tell their story concerning which 
scheme of cropping pays best in Minnesota, and incident
ally to serve in throwing light on our soil problems. 

The results of the rotation experiments reported in this 
bulletin bear evidence that a good system of rotation 
will yery materially increase the net earnings of many Min
nesota farms. 

It is believed that these p1·eliminary ten years of ex
periments have given results upon which can be based a 
saner cropping system throughout the State. 

Chemical, physical and biological studies of the soil, ancl 
experiments determining how crops yield under varying con
ditions, as in continuously growing a given crop, or in grow
ing crops in rotation, are gradually unraveling the mysteries 
of soil fertility. The soil is so complex in its relation to crops 
that it has been and still is one of nature's greatest puzzles. 
Its solid rninei-al particles, making up the body of most soils, 
its small per cent of decaying organic substance mainly of 
plant origin, its water distributed in exceedingly thin films 
over the surfaces of the particles, its abounding species of 
bacteria operating in the water on the decaying plant substances 
and affecting the solution of the minerals, minute quantities 
of mineral and organic compounds in the soil water, fungus 
plants, and the ever acting and hungry roots of crops con
stantly taking in from the soil mineral and nitrogenous food 
and giving out solvents, make of this an almost bewildering 
maze of physical, chemical and biological changes. It is not 
strange that scientists are slow in arriving at an under-
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standing of or that no one is now prepared to comprehen
sively state the laws of fertility. The study of the bio
logical activities in the soil is throwing new light upon the 
chemistry of fertility; and the study of soil chemistry will 
continue to show many facts concerning the preparation 
and use of plant food in the soil. 

Fig. 1.-Gcneral view of part of the 44 Rotation Plots. 

The best rotations in •these experiments have yielded 
a product worth from four to six dollars per acre more than 
is obtained on the average throughout the state. This in
dicates that J\1inncsota farmers would profit. were they to 
practice some of the systems of rotations which these ex
periments have proved successful· These experiments 
most forcibly emphasize the fact that the application of 
fresh vegetable matter in the form of barn manure and 
clover crop residues are a necessity to keep np the pro
ductivity of the soil for cultivated and grain crops. 

There is no "one" best rotation scheme. Almost all 
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schemes in these experiments in which grass crops were 
alternated with the grain and cultivated crops, and espec
ially if barnyard manure was also applied once in several 
years, resulted in large yields of grain and cultivated crops, 
and gave la1:ge net profits per acre. 

DOES CONTINUOUS CROPPING Ex HA UST AVAILABLE PLANT 

Foon. 

A view very generally accepted is that by the rota
tion of crops the soil receives a rest, that is, the plant 
food needed by the different crops varies, one crop remov
ing one set of substances one year and a different crop a 
different set of substances the next year thus , giving the 
soil a chance to build up for a certain crop between the 
years it i's called upon to produce such crop. Accorqing to 
this contention, if a certain soil is called upon to produce 
the same crop or class of crops for a number of years it 
becomes exhausted of the particular kind of plant food 
needed by those crops and small yields are the result, In 
spite of the fact that this view is generally accepted, it is 
in the main doubtless incorrect. The elements of plant 
food which are likely to be lacking in the soil, are nitrogen, 
phosphoric acid and potash. According to this idea, when 
a soil ceases to be productive it is because it has become 
exhausted of the available portion of one or more of these 
substances. The fact that when our soils are continuously 
cropped to grain for several years the yield gradually de
creases, and when a rotation. is .practiced, the yields are 
maintained or increased, might ea1sily lead one to accept the 
above explanation. However, the following table based 
on·actual crop yields shows that more of these elements are 
removed by the rotation than by the continuous cropping 
to wheat. 
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TABLE XLI.-Rotation Removes More Mineral Plant Food than 
Does Continuous Cropping to Wheat. 

Fl\'E YEAR ROTATION". 
SERIES III. PLOT 1. FERTILITY REMOVED 

Year Crop Yield Nitrogen 
1Ph h . . I I osp one Ac1dj Potash 

----
1900 Wheat 23.3 bu. 40.8 lbs. I 23.3 lbs. 40.8 lbs. 

!SO! J\Ieaclow 3.2 tons 76.S lbs. 177.6 lbs. 

1902 l\Ieadow 2 1 tons 50.4 lbs. 116.3 lbs. 

1903 Oats 59.0 bu. 59.0 lbs. 21.2 lbs. 53.1 lbs. 

1904 Corn 58.3 bu. 96.8 lbs. 25.S lbs. 77.4 lbs. 

--·--------------

I I 
Total Fertility removed in 5 years ............ ., 196.6 lbs. 197.5 lbs. 4r,s.2 lbs. 

Fertility added by 8 T. manure .................. 81.6 lbs. S:J.O lbs. 
I 81.6 lbs. 

-------- ~-.-

I ______ . 

Total lost by rotation •.........••................. 115.0 lbs. 141.5 lbs. 3S3.6 lbs. 

WHEAT CONTINUOUSLY SERIES III. 
PLOT 2 

(Total Yields 1900 to 1904 inc. 84.6 bu.) 
Total Fertility Removed in Five Years . ..... 14S.O lbs. 84.6 lbs. 148.0 lbs. 

Excess Removed by Rotation ...................... *-33 5G.9lbs. 
I 

235.6 lbs. 

NoTE.-The figures for determining the amount of fertility removed by 
the various crops were tal<en from Prof. Snyder's "Soils and Fertilizers." 
The figures for determining the amount of plant food supplied by the manure 
were taken from Cornell Bulletin No. 27. 

No nitrogen is charged against the meadow crops as 
the crop was about one half timothy and one half clover, 
and it is assumed that the clover added as much nitrogen 
as both crops removed. 

That the five year rotation will give larger yields and 
continue to keep the soil in good condition for raising crops 
for a much longer time than will continuous wheat grow
ing, is not doubted. Yet the fact remains as shown by the 
above table that eleven pounds more phosphoric acid and 
forty-seven pounds more potash are removed annually by 
the rotation than by the continuous cropping to wheat. 
Nearly seven pounds more nittrogen is removed by the 
continuous wheat than by the rotation; that is, assuming 
that all of the nitrogen aclclecl by the eight tons of stable 
manure applied to the five-year rotation could Le utilized 
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Fig. 2.-0n the left is corn gro\ving on one of the ch0ck plots, croppPd to 
a five year rotation: (F'il'st ~·c·flr, 8 tons of ni:1nure, corn; 2nd year, \\'hPat; 
3rd and 4th yt:ars, n1c:ado\v; Gth year, oats.) On the right is corn gTO\Ying 011 
a plot cropped to coi·n continuously, no manure. Sec discussion Series II, Plot 
7, puge 31G. 

by succeeding crops. It is more probable that one-third 
to one-half of this nitrogen would be lost by leaching ancl 
by passing off as g·as. This would lea \'C the t\vo systems 
practically even so far as the nitrogen removecl by the 
crops is concerned. The advantages of following a rota
tion of crops over continuous cropping must be for some 
other reason than that the growing of the same kincl of 
crop continuously removes too much of some particular 
element of fertility . 

'ROTATION hIPROVl~S CONDITIO>J OF SOIL. 

It is well kno-wn that vegetable matter or humus 
improves most arable soils. It at least improves soils that 
are somewhat run clovvn by grain gTowing. \Vherever 
partially decayed manure or roots arc found in the soil, 
moisture is usually present, and such material also per
mits a free circulation of air. The real value of this condi
tion of the soil is explained by the following facts. In order 
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Fig. 3.-~Gruwlng foddf•1· corn on 110"'\Vly lJroken alfalra sot1. Con1pare 
with Fig. 5.-I'Jioto by H. D. AycL 

,Fig. 4.-A shovelful of soil from the above plot, showing the vegetable 
matter present and the mellow condition of the soil. Compare with J?ig. 6. 
Photo by H. D. Ayer. 
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F'ig. 5.-GrO'\ving corn on plot that raises corn conlinuously. Co1npare 
witll Fig. 3.-Photo by H. D. Ayer: 

Fig. 6.-A shovelful of soil from the above plot showing lack of vegeta,blc 
matter and tendency to balrn.-Photo by H. D. Ayer. 



290 lWTArION OF ClWl'S 

to grow, plants must haye foocl in a soluble form in con
tact with their roots. Plant food is made soluble by the 
decomposition of organic matter and disintegration of 
mineral matter. Disintegration of mineral matter is aicled 
n1-y materially by the acids formed by decomposition of 
\"egetable matter. Decomposition of organic matter in the soil 
takes place as the result of the action of bacteria ancl the 
bacteria which render plant food a\·ailable can act only in the 
presence of air and moisture. (Further discussion of the 
action of yegetable matter upon the soil is gi\·en in the sec
ond part of this bulletin.) Hence the necessity of effectu
ally maintaining that condition or texture of the soil 
which helps regulate the supply of air and moisture. It is 
not assumed that a soil is inexhaustible so long as a g·ood 
physical condition is maintained, but it is assumed and 
amply proved by results reported in this bulletin that a 
soil in good physical condition remains produclin: much 
longer than does a soil in poor physical condition ancl that 
maintaining a good physical condition is the most practical 
way known of liberating and making use of the vast stores 
of mineral plant food locked in the soil. 

The essentials of keeping the average soil in good 
physical condition are, to avoid an excess of water by drain
age, if necessary, and to maintain a reasonable supply of 
vegetable matter. Hea,·y soils need Yegetable matter to 
open them up and allow the air to circulate, ancl light soils 
need vegetable matter to hold the moisture and to chec:k 
leaching, and all soils need vegetable matter as a source of 
easily available plant food. Vegetable matter is rapidly 
used up in a soil on which grain or cultivated crops are 
grown, and is most easily added to the soil by applying 
barnyard manure and growing grass crops. 
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Professor Snyder in Minnesota Bulletin No. 24, report
ing results obtained in Freeborn County from the appli
cation of special and complete fertilizers, makes the follow
ing statement: "In brief, it can be said that the commercial 
fertilizers did not sufficiently increase the yield to pay for 
the fertilizers applied, and that the yield was not increased 
to the same extent as on adjoining lands that were manured 
with farm manures and on which a rotation of crops had 
been practiced." From this the conclusion may be drawn, 
that \\"here a naturally fertile soil is kept in good con
dition the necessary plant food is made a1·ailable by de
composition and disintegration. and it also illustrates the 
fact that rotation puts the soil in the clesirecl condition 
for promoting these chemical ancl biological changes. 
It is, therefore, quite evident, that one of the chief bene
fits of a rotation is, as has been stated, in its favorable 
inf1uence upon the condition oi the soil, so as to prepare the 
\\"ay for other changes. 

It would seem then that the practical thing for the 
a\·erage rdinnesota farmer to do is to aim to keep his 
soil in good condition by clrainag·e, by good tillage 
and by so rotating his crops or manuring his fields, or both, 
as to maii1tain a reasonable supply of yegetable matter. 

Much stress is here placed on the value of vegetable 
matter in the soil because the experiments herein reported 
indicate so conclusively that managing the soils of J\finne
sota so as to maintain a reasonable supply of vegetable 
matter \Yill materially increase the yields. \Yhich are now 
far too low. Vegetable matter may be adclecl to our soils 
much more cheaply than commercial fertilizers and it is 
earnestly hoped that our western farmers may not make 
the mistake made by many New England farmers who 
depended on commercial fertilizers until their soils no 
long·er responded sufficiently to pay for the fertilizers 
applied and then were forced to abandon their farms. 

Coi-IMERCIAL FERTILIZERS. 

There may be a few cases now and possibly more in the 
future where the soil is, or will become actually deficient 
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in some of the elements of plant food, though such a con
dition is not likely to occur for many years in Minnesota. 
It is believed by the writers that the proper attitude of 
the farmer in regard to coriJmercial fertilizers is to keep his 
soil supplied with vegetable matter by growing grass crops 
and manuring, and to grow clover of ten enough to keep up 
the supply o.f nitrogen. He shoulcl try on small plots the 
application of phosphate ancl potash fertilizers both sep
arately and combined. If under such conditions the appli
cation of these fertilizers increases his yields enough to pay 
for the fertilizers applied, he is justified in i1n-csting- in 
commercial fertilizers. 

Lime or potash fertilizers often aid greatly in the 
growth of clovers. In such cases their use is warranted. 
It ·sometimes requires considerable effort to get a crop of 
clover on a run-clown soil or on soil that has not before 
produced clover. The great value uf clo\·er as a soil reno
vater and builder warrants considerable expense in getting 
it started. Such cases can be determined by making trials 
on small plots. 

THREE (LASSES OF CROPS. 

To simplify the planning of rotations, field crops are 
divided into three general classes according to their effect 
on the physical condition and available plant food of the 
soil. These three classes of crops are gram crops, grass 
crops and cultivated crops. 

Under grain crops are placed such crops as wheat, 
barley, oats, millet, etc. These crops grow but one season, 
are sown usually in the spring, and are harvested without 
intermediate cultivation. They do not develop heavy root 
systems, consequently leave but little crop residue to keep 
up the supply of humus in the soil. During the years when 
grains are grown, weeds increase and the productivity of 
the soil decreases. 
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Grass crops i1'.clude such crops as clover, (though not 
a true grass), timothy, bromus, etc. These crops grow 
two or more years from one seeding, consequently develop 
quite extensive root systems. \Vhen plowed up, the roots 
add materially to the supply of Yegetab 1e matter in the 
soil and in decaying lca\·e open spaces bet\\·een the soii 
particles which allow the entrance of air. These crops 
may be termecl soil building crops. 

The culti,·ated crops are those planted so as to allow 
intertillage during their growth. In this class are founcl 
corn, potatoes, and root crops such as mangels and sugar 
beets. The cultivation of these crops destroys weeds, 
loosens the surface of the soil, consen-es moisture hy 
the formation of a surface mulch and allows the entrance 
of air, thus making conditions fayorable fvr the clecorn
position of Yegetable matter. 

It may be seen that a far better con di ti on of soi I is 
m~intained by a good rotation of crops than by continuous 
cropping to corn or grain. The grass crops maintain the 
supply of humus and the cultivated crops retain moisture, 
destroy weeds and help to aerate the soil. _ 

Instead of being a complex matter difficult to under
stand and impractical to folio\\-, a systematic rotation of 
crops is one of the simplest and most easily carried out 
of any of the suggested imprm·ements in methods of farm
mg. 

(ROP ROL\TIOX SDIPLE ,\::\D PR.\CTIC\L. 

Crop rotation may be defined as a systematic succes
sion of the three general classes of farm crops, namely. 
grain crops. grass crops and cultiyated crops, in such a way 
as to prm·icle large :vielcls of grai:1, pasturage and forage needed 
on the farm at the least expense of labor and fertility. 

Rotation systems must be adapted to each farm or 
class of farms and to the particular condition of each farm. 
\Vith a knowledge of \\·hat it is desired to accomplish by 
rotation, namely an improyement in the condition of the 
soil and a corresponding increase in the net income per acre, 
it is easily possible, knowing the character of the farm. the 
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climate, the line of farming desired and the tastes of the 
farmer, to plan a systematic rotation for that farm which 
will give the desired results. The essentials of a good ro
tation are that the net yields in money value per acre be 
maintained or increased, that vegetable matter be kept 
in the soil, and that the land be kept in good physical con
dition and reasonably free from weeds. Grass crops must 
be grown or barnyard manure applied, or both, to keep up 
the supply of vegetable matter. A culti,·atecl crop occas
ionally and good tillage are necessary to kill out weeds 
and help put the soil in goocl tilth. These things are natm
ally brought about by alternating· the three classes of 
crops-that is, one or more g-rass crops should appear on 
each field eyery four to eight years. Corn or other culti
,·ated crops and manure should appear one or more years 
in the same period, and the remaincler of the time grain 
may be grown. 

This treatment cannot fail to keep the soil in much 
better condition than can be clone by growing any one crop 
continuously, and it may be brought about by a very little 
planning, and without very seriously changing the acreage 
devoted to each crop. l\1Iost farms in the middle west have 
from one-eighth to one-half their tillable area in corn, and 
from one-eighth to one-half in grass each year. All the 
change that is necessary is to arrange these crops according 
to some regular system of rotation insteacl of growing each 
on the same field year after year. 

ROTATION DoEs NoT CAUSE S?lrALLER FIELDS. 

A few people hesitate to begin the rotation of crops 
because they have the idea that it necessitates dividing 
the farm into small fields. It is true that a certain num
ber of fields are necessary to carry out a rotation. It is 
also true that on the average farm a good rotati_on will 
provide fewer fields and better shaped fields than are used 
at present under the less definite systems of cropping. 
(Compare Figs. 9 and 10. 

The above statement is made after studying a great 
many farms with a view to reorganizing them for rota-
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tions. If the reader will clraw a rough sketch of his farm 
as it is cropped at the present time, showing the waste 
places and the areas devoted to each crop, the argument 
that rotation makes smaller fields than unsystematic farm
ing will have less weight with him than at presentt. 
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Fig. 10.-Same farm as above but remodeled for five_ year rotation, show
ing fields fewer In number, more regular and more easily reached from the 
farmstead. 
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\;v'hen a plan of rotation is adopted the view of the 
farmer is changed. Instead of thinking only of the one 
crop he is seeding, he is looking ahead and planning to 
have that field prepared for crops one, two, or even ten 
years ahead. By knowing what will be sown on a field for 
several years in advance, labor may be saved, the yield 
increased, and arrangements made for making the best 
use of the crops grown. 

IRREGULAR FIELDS. 

Some farms are so broken by waste land as to make 
the fields very irregular in shape and size. In such cases it 
is not easy to lay out straight, even-sized fields. Usually, 
by a little planning and careful management, the shape of 
such fields can be improved, and areas of nearly equal 
size can be laid off for the fields as well as on more regular 
farms. If necessary two smaller fields may be used as one 
field in the rotation. 

DRAINAGE. 

One of the main causes of irregular fields is lack of 
drainage. Drainage is often quite expensive, and unless 
carefully done may be unprofitable. Yet there arc few 
farms on which some clrainag·e cannot be profitably clone. 
The most annoying pieces on the farm are the low areas 
in the fields that can usual1y be plowed and seeded, but as 
a rule grow nothing but smart-weed or other useless 
plants. Such areas may be profitably drained at a compara
tively high cost per acre. The cost of draining such areas 
may exceed the total value of the land drained and still 
make a profitable investment for if drained good crops 
could be raised without any extra cost, as it is never 
more work and often less work to farm a straight field than 
to farm around these small areas. 
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/8 ACRE5 

80 R0..0.5 

Fig. 11.-'l'his 20-acrc field could be worl<ed as cheaply when drain,·d 
as can the 18 acres now. The crop on the two acres would be clear again. 
Even $100 per acre for permanent drainage wou!U be a profitable investment. 

EXPERIENCE IN REORGANIZING FAR:'.\IS. 

In helping to reorganize for systematic rotations, the 
farms of some hundreds of students at the Minnesota 
School of Agriculture, it has been found that in most cases 
it is not necessary to materially change the acreage of the 
different classes of crops, but simply to re-arrange the sequence 
of the crops usually gro\Vn. Instead of g-ro\Ving grain and 
corn (humus destroying crops) continuously on one part 
of the farm and hay and pasture (humus forming crops) 
on another part, it is but necessary to alternate the crop'. 
thus improYing the condition of the soil and the prospect 
of good yields on all parts of the farm. 

hIPORTANCE OF GRASS CROPS. 

In some instances, as in the case of grain farms, it has 
been necessary to increase the proportion of the farm sown to 
grass. The continuous cropping of grain practiced so many 
years has reduced the amount oi Ycgetable matter in the 
soil and increased the amount oi \Veecls until the crop 
yields are so low as to make grain gTO\\·ing unprofitable. 
On such farms it is undoubtedly profitable to increase quite 
largely the proportion of the farm SO\Yn to grass, e\·en 
though there is but little use for the hay, O\Ying to the desir-
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able effect the grass will h~ve in building up and cleaning 
the soil. There are few cases in which roughage thus 
grown cannot be put to some profitable use, either by in
creasing the amount of livestock kept on the farm or at 
least buying stock cattle or sheep to feed during the fall 
and winter. 

DECREASING ACREAGE OF GRAIN DOES NOT NECESSARILY 

DECREASE PROFITS. 

The net profit from an acre of wheat on run clown soils 
is very small; consequently, decreasing the acreage of 
wheat under such conditions will not materially decrease 
the net profit of the farm.· 

TABLE XLII.-Showing Net Profit or Loss from Yields of Wheat. 

Yield Price (a) Ya1ui; per ,.\ere I Cost of Procluct10n I Xct Profit or Loss 
I 1111.:luding H.cnt \b) 

--- .. -------

20 $ 63S $12.76 $ 7.b9 $ ·:· 4.S7 

lb b3::S 10 21 7.S9 -1 2.32 

12 638 7 66 7.89 - .23 

!OJ 638 6 38 7 89 -1.51 

.63S 5 10 7.&9 -2.79 

(a) Average farm pric0-DPCf>mh0r Jst for 10 Y<'ars (lSQ;)-1904 inc.) 
as gi\'t n by U. S. Dl'!lt. Yc-ar Book, 1004. 

(b) MinnC"sota Dulli::tin No. 97, vage 40. 

From the above table it will be seen that as large a 
net profit is realized from one crop of twenty bushels per 
acre as from two crops of 16 bushels; and that a twelve 
bushel crop or less yields a net loss. It is a safe conclusion 
that se\·enty-five acres of grain each year on land growing 
a crop of clover every fourth year wilI yield a larger net 
profit than will one hundred acres sown to grain con
tinuously. 

A hay crop is one of the very cheapest crops to grow, 
as no extra preparation of the land or sowing is necessary, 
the grass seed being sown with the preceding grain crop. 
All the charges to be made against the grass crop are rent, 
cost of seed and harvesting. This is considerably lower 
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than the cost of growing a crop of grain or corn, hence 
it is not necessary that the crop yield as large a gross 
product in order to return equivalent net profits. V/herc 
live stock is kept grass marketed as beef, mutton, pork or 
milk often makes. a larger net return per acre than does 
grain. 

In addition to whatever profits may be made from 
the grass crop, the first grain or corn crop following it \\rill 
usually yield enough more than it would following a grain 
crop to net as large a profit as would two low yielcling
crops of grain. 

ROTATION EXPERIMENT. 

\Vith a ,·iew to demonstrating the value and prac 
ticability of the rotation of crops, and at the same time 
studying various systems of rotation, the J\Iinn~sota Ex

periment Station laid out in 1894, 44 one-tenth acre plots 
for such purposes. These plots were described as follows 
m Bulletin No. 40 of this station: 

HrsTORY OF 44 ROTATION ExPERDIENT PLOTS. 

"In the spring of 1894 forty-four plots each two by 
eight rods, one-tenth acre, were laid off on fairly uniform 
Janel on the northeast corner of Uni\·ersity Farm. The 
Janel is a medium hea \")' clay loam or slightly modified till 
soil of good fertility, naturally well underclrainecl and able 
to retain a fairly large amount of capillary moisture 
throughout periods of severe drought. The plots are in 
four series running east and west and containing eleven 
plots each, these running north and south. Between each 
series the ends of the plots are separated by alleys a rod 
\Viele, an cl het\reen each pair of plots are alleys tweh e 
feet wide, an alley two feet wide separating the two plots 
of the pair. This separates the plots and enables the 
teamster to reach all plots in using any machine without 
unnecessary tramping. 

"The land on which these plots were laid out had 
grown oats in 1892, barley in 1893 and had been in clover 
and timothy meadow during a number of years. The land 
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is not thought to be as uniform in quality as is desirable. 
Plots 1, 2, 3, and 4, series II, and plot 4, ,series III, are in 
a slight depression which we suppose gives them the 
advantage of more moisture in clry seasons ancl somewhat 
richer soil. Below is given a general statement of the plan of 
work. 

"Clzccl: or control plots. Plots 1, 6 and 11 of each 
series are designated as check or control plots, thus giving 
tffeh·e plots all seeclecl to the same practical rotation. 
These are in three rows, one extending along the east and 
one along the west enrl of all the series. and one through the 
rnidclle, all running north and south. This plan distributes 
the control plots in such a manner that the yields or profits 
on any plot can be compared 1vith the average from all 
t11·elve control plots or with the a1·erages from the several 
control pkits immediately surrounding it. On the twelYe 
control p1ots the follmYing· plan of rotation has been insti
tuted: wheat is smn1 the Jirst year. and "·ith this crop the 
Janel is seeded clmn1 by sowing with the spring wheat six 
pounds reel clover ancl eight pounds timothy seed. The 
second ancl third years it is lcit to meadow, ancl the fourth 
year oats. The fifth ancl .last year of the rotation corn 
is planted, and the Janel, preYious to fall plowing the oats 
stubble for the corn, is gi1·en eight tons of barnyard manure 
per acre. Following the corn the wheat ag·ain begins the 
rotation of these same crops. These twelve control plots 
all being each year seeded to the same crop will gi1·e not 
only the average figures with which to compare the results 
of the different rotations, but will also give the range of 
variation or ,soil value of the plots in the field. These 
variations may prove very useful when summarizing the 
results of the experiments, and may show how great, yields 
and profits must differ to show a cleciclecl superiority of one 
crop of one rotation over another." 
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SERIE'SIV. SERIES III. SERIES D. SERIES I. 

I ' CHECK I I ' CHffK I I' CHECK I I' CHECK I 
\ •. :;;.-:;~·· I 1 • :~:·,:;~::~:~""' 11::::= .. ~=::iii='" ===:I ~,2 .. = .. .,,=~1 
• ~-t;l'ICEN ,.,,.,.1.1qc fl} • • • • ·-4-C'l.OVER • - S· <:OR/V a . 

I J. ~£7f-w • I ~;~"~ ~~';.7~~~0:,s;;ER I:;, \ , ..J. ;:J"'.";:,.;orHY J 
- J·("OflN a . w1rH WHEAT • • . ;.~~~~ a 

I' i.'·.:}·?';,,~.·~D··~,·.1 -·- I I ' I ::=::' •-d= ... ,.~ 1 •· , ... ,,, I ~. ~·~·=·=··~--~-="~'---' . ;~ 7£:~~:~~°o':o'cROP ~·-~-:~_;_:.0_<•_•-'--,U---' . r~~~{R Q . 

J~>==!:;~==·:~==N ~i :: ;::~::'~"'" ii :==">==c~:~==: ~I ;=i: '==~===:~·a=· ==I 
17 

'. ·,.;,:"' " I 17 

'"""" 'MURCJ I I 7 

''"NuOuo.' I I ' ; ~'.:€~; a I 
18 -·.,,. ·- I I e .:•:·~;:.,,,,M£•=•J I I" ''''"'M' I 18 

1;~~-~;ovw • I 
I~. : ~-~~?::~ , , I I " ' ,~;~;~\,-,:~~~ rur I 1

9 

COV'•wOusu I 19 ~ ;;1~~·::.~ ', I 
I"' -"".'.:: .. -.. 1 I '0 

• ., "'""' .... I :===, ,u ===!I I'" f;~:~'.:~.:.·a I 
!" CHLCK I I " CNE:CK II L '_'·_c,.,_c_c_J<_. -----'I I" CHLCK I 

Fig-. 1 ~.-Sho\\·ing- arrang-pment of the 44 rotation plots, also system of 
cropping- on c·ach plot. The plots marked chccl<: plots, I. G and 11, on UH'h 
st~rics, arP cropped to the fi\·c year standard Control Rotation: first year, eight 
tons staUle n1anurL·, corn; 2nd year. "·heat; 3rd anU 4th years, n1ea<lu\\' 
( tin1othy and clo\·er) ; Gth year, oats. 

• Timothy S lbs., rPcl clo\'C•r G lbs. 
a Eight tons stable rnanure ppr acre. 
y Top dress timothy after mowing- first hay crop. 
j Rc·cl clm·er 3 lbs., timothy 4 lbs., rPcl top 1 lb .. Kentucky blue grass I 

lbs., orcl1ard grass 3 lhs .. llrome g-rnss ~ lbs., alsike 1 lb .. white clo\·er 1 lb. 
x Red cloYer 4 lbs., alsike 1 lb., timothy 4 lbs., orchard grass 7 lbs., 

bromus 3 lbs. 
m Plow under a crop of mixed oats and millet cartly in summer and 

later in fall a crop of rape. 
n Timothy 8 lbs, red clo\·cr 4 lbs, alsike 1 lb. 

The cut on Page 303 shows the arrangement of and 
the proposed rotation on each of the forty-four plots. The 
notes below giye facts regarding grass mixtures, manuring 
and other special features of treatment. It will be seen 
from a study of this cut that a separate rotation was 
planned for each plot instead of using as many plots for 
each rotation as there are years in the rotation. This has 
been a sa ,-ing of space \\'hich \\·as necessary 0\\-ing to a 
lack of Janel suitable for plot \\-ork, and these rotations arc 
simply preliminary to more extensi,-e \\-ork outlined to be 
carried out as soon as the Janel recently purchased by the 
University can be fitted for reliable plot \rnrk. These plots 
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furnish a good introduction to the study of rotation ,and 
have been very helpful in outlining future work. Many of 
the results are so pronounced and there is so much har
mony of results from groups of plots that these preliminary 
experiments give results of large value to Minnesota. 

RECORD NOT COMPLETED. 

As was expected, an occasional mistake or a failure to 
get a catch of grass has pre\·ented carrying out exactly 
a few of the rotations. However, they have been followed 
closely enough to give much valuable data, as will be ob
served by studying the following tables. The rotation on 
all the check plots, (plots 1, 6 and 11 of each series) has 
been carried out exactly as planned. 

These rotation plots have been of great value as actual 
demonstration plots to Yisitors at University Farm. Some 
thousands of farmers haYe obsen·ecl them during the growing 
seasons, and it is believed that no one sees them without 
getting a much clearer conception of the real value ancl 
practicability of the rotation of crops. Simply to observe 
the growing crop on Series II, Plot 7, \\hi ch grows 
corn continuously, and a crop of corn on any of the plots 
on which the crops arc rotated is col1\·incing evidence of 
the value of rotation. The difference is readily apparent 
during the entire grO\ving season. To obsene the hay 
crop on Series III, Plot 8, which is permanent meadow, 
and to compare it with any plot of hay on a rotation plot, 
convinces one of the value of rotation meadows over per
manent meadows, on Janel that can be broken up ancl 
that will grow other crops. 

Every plot on which any crop has been grown con
tinuo11sly has done very poorly, comparing it with other 
plots in rotation, as is shown by the tabulated results: 

THE CASH v ALUE OF CROPS. 

The plots being cropped differently the same crop 
does not appear on all the plots the same year. It is quite 
impossible to compare a yield of hay with a yield of grain 
unless both crops are converted to terms of cash. The ob-
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ject of these experiments is to determine the most prof
itable systems of cropping; hence it was found necessary 
in comparing results to establish an average farm price 
for all of the crops grown. 

The average monthly prices of grain, for the ten 
years covered by this report, were obtained from the 
Minneapolis Chamber of Commerce reports, and from 
these aYerages reductions were made for freight, commis
sion and ele\·ator charges. The prices thus obtained were 
assumed to be the a yerage farm prices. These prices were 
then compared with the December 1st farm prices given by 
the U. S. Department of Agriculture, and they compared 
so closely that it \Yas deemed wise to use the Department 
prices for all products quoted in the year book. ' 

TABLE XLIII.-The Farm Price of Farm Products December 1st 
each Year for the Years 1895-1904 inclusive, and Average for 
Ten Years (a). 

Year I \\'heat Oats 1. J;arley I Corn 

~' 
Hay I Potatoes 

i 
-------- - ----- ----

lS95 5 .44 $ ,J.\ :. .24 $ 20 $ 2S $5 12 5 11 

JS% .68 15 .20 .19 30 3 79 .21 

1897 ·" .19 .24 .24 3i 4 50 31 

1'98 .54 .:1 .33 .24 .3S 3.70 
! 

25 

1599 ,55 .22 .31 .24 .42 4 35 25 

1900 .63 .2-i 38 .29 .42 6 95 30 

1901 .60 .34 .45 .45 .49 5 58 67 

1902 .61 .27 .37 .40 .i3 5 36 31 

1903 .(19 

I .30 .37 

I 
.3S .45 6 01 61 

1904 .87 I 
.26 .42 .3& .(..j 5.51 29 

--

I -:-1 Averat:!e 10 I .2321 }'cars ,(J3S .331 .299 5 15 
i 

334 
I I i 

(a) Compiled from U. S. Dept. of Agr. Year Book fur 1 ao4. 

The average prices for ten years as given above are 
the prices used in compiling the tables for this bulletin. 
As .no prices were available for fodder corn and millet hay, 
the prices of $4.00 per ton for fodder corn and $5.15 per 
ton for millet hay were taken. These figures are based 
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on the relative feeding value of these crops compared with 
mixed hay at $5.I5 per ton. 

The Dept. year books do not give the farm price 
of flax so this was arrived at as follows. The price re
ported by the Minneapolis Chamber of Commerce for 
1900 to 1904 is $1.37~. The price in Chicago for the 
same years was $1.38 9/16 or a difference of 13/16 cents. 
The average price for ten years ( 1895-1904) in Chicago 
is $1.21 5/16 deducting 13/16 the difference between Chi
cago and Minneapolis prices \Ve get the average l\Iinneapolis 
price of $r.2o}'i. Deducting the a\·erage commission, storag-e 
and clockage charges lea,·es the ;n-erage farm price for the 
ten years $r.094. 

The price of pasturage at 25c. per 1,000 pounds live 
weight per week has been arbitrarily taken, as has also 
the price of $1.75 per ton for mangels and 75c. per bushel 
for peas. 

THE STANDARD ROTATION ON THE CHECK PLOTS. 

As shown by the chart on Page 303, on Plots 1, 
6 and 11 of each series, a standard five year rotation was 
planned. This rotation has been carried out as planned 
and the results show this to be a very practical rotation. 
It has maintained the productivity of the soil both in yields 
and in money value. 

Table XLIV gives the crops grown each year, the yielcl 
per acre and the cash value of the crop; also the a\·erage yield 
and cash value per acre for the whole ten years and for the 
last five years of the experiment. 

The average yield in cash value per acre on the three 
check plots of each series is a fair basis with which to com
pare the other rotations in the same series. 
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XLIV.-Yields and Cash Value of Crops on Three Check Plots on 
each Series. 

The following standard 5 yr. rotation was followed on each of 
the twelve check plots, first year wheat, second and third years grass, 
fourth year oats, and fifth year corn.. Eight tons of barnyard manure 
are applied per acre to the corn crop. 

SERIES I. 

.PL< rr PLOT 6 PLOT 11 

\. I 
car ! i lC c \'alue , \ ah:e 'alue 

Crop i \"" l l I Cash Crop Yield ·j,1 C>Sh,. Crop I Yield I Cash 

- - - - -1- ----- -- ----i-- --
!S95 I Wheat 

1

31.5 bu.,520.!0j Wheat 27.0 bu. 
1 

$17.231 Wheat 

1

27.4 bu. $17.43 

JS% Tim. Clu.
1 

3.47T. 17.S7
1 

Tim. Clo. l.4T. I 7.21 

1 

Tim. Clo.
1 

2.35T. L'..J() 

1·m I 3.35T. 11.25 3.2T. I6.4s / •• " I 3.1 T. 1s.% 

J.S'J.s Lu. 11.53 Oats 53.9 bu. 12.50 Oats J s·l.2 bu. 12.57 ( >ats 149.7 

Corn 5."i.3 bu. 17.43 Corn 44.4 bu. 13.28 Corn j 47.2 bu. l·l.11 

Lu.
1 

J.l.931 Wheat 22.6 bu. 14.42 Wheat 1 

Tim. Clo. 3.5f. 16.74

1 

Tim. Clo. 2.75T. 14:16

1 

Tim. Clo.:, 

'' ; 2.15T. i 11 .o7 " i 2.37T. 12.21 " " i 
C>ats (15.6 bu. 15.22, Oats \ (>fl.9 bu. 14.13 Oats ' ~-t.7· 

22.6 bu. J.1 .. \2 

i9Jl 

\\"heal .!3A 

2.3;t;T. ] ~. J (I 

I.G T. 

63.7 bu. 

l om !5l.4 bu.: 15.371-==- _il_3_9_.7_b_u_ . ...:..__11_.s_7_
1 

Cor_n __ s_6_.9_b_u_. __ '_'_·_"1_ 

Average iS95-1904 __ 15.75!-------- 13.35 ' l.'.SS 

.Avcra'.~e 19()()-lC:XJ-t l·LCi, l.:i .::•',) J 17'.?il 
I 

SERIES II. 

PLOT I PLOT 11 PLOT 6 1· 

------
Year I 
--! 

1895 I 

18% 

1897 

189., 

IS99 

1900 

1901 

1902 

190.i 

Crop j y· Id I Cash . C . y· Id I Cash I : ie Valuei rap ; ie Value 

.. ---1--1-,-h--l----i--- ·---- ----- -
Wheat J4.0 bu. $21.69

1 

\\ eat 25.4 bu. $16.21 \\"heat ! 26.S bu. 
1 

$17.111 

.. . ! _. I ?' ? • •• • 2.4'1". I ·1·· '"I I 1· 11m. Clo. 4.41 r. ! _.,.o_ I I Jnl. Clo. 12.36 I 11n. \... o. I 2.95 . lS.1 q 

.. ! 3.4ST. li.77 .. •• 3.17T. 16.33 I 3.32T. 17.JI) 

Oats 49.S bu.! I 1.551 Oats 58.4 bu. 13.55 nats I 53.9 bu. 

Corn ,-'5.5 bu. J 16.59

1 

Corn 48.6 bu. 14.53 Corn j 51.3 bu. 

Wheat (30.S bu., 19.651 Wheat 25.5 bu. 16.27 \\"heat , 22.1 bu. 

·1·· Cl ' 4 ??T j 21 -· T" Clo 2 '1' I> SS Tim. Clo. I 2.8 T. un. o. 
1 

·-- • I .1~1

1 
1n1. • ,..., . -· ' 

' " ! 2.75T. I 14.16 ' ' 1.75T. 9.01 
I I 

Oats 113.i bu. 14.7S Oats 62.l bu. 14.-11 

Crop Yield I Ca<h 
, Y<tlue 

14.42 

Oats 

ll. J.1 

1.8 T. 

]90-l Corn 15h.9 bu . Ii .\11 ~ Corn 47.9 bu. 1-1.32 Corn '.'ll.0 bu. 

:\ vcra~e l "l95-I 90-I 

A vera~e 1900-1904 

.. J---
,,~~1--

17.47: 

13.~' i _________ i_i..17 

~33S I 
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TABLE XLIV-(Continued). 

SERIES III. 

P_LOT I PLOT 6 

Year Crop I Yield / f:j~,'e --~,~~--,~ield -I ~:l~e 
1895 Wheat 26 8 bu !$1710 Wheat J~/ $17.48 

_1896 Tim Clo 3 221' / 16 58! Tim -Clo ! 2.85T 14.68 

1897 .. •. 3.62T. 18.64 .. •. I 3 I T 15 97 

1898 \~heat !21.8 bu. 13.91 Oats I ~O 4 bu 14.01 

1899 Corn .57.6 bu. 17.22 Corn 1 .0.6 bu 15.13 

1900 ~Vhe:t 
1

123.: bu. 14.87 Wheat ! 24.0 ~u. 15.31 

1901 Tim. Clo. 3" T. 16.48

1 

Tim. Clo. 3.01, 15.45 

1902 " / 2.1 T 10.82 " " l.7 T. 8.76 

1903 Oats i~9.0 bu', 13.69 Oats 71.2 bu. 16.521 
1904 Corn oS.3 bu.I 17.43 Corn 51.2 bu. 15.31 I 

Average 1895-1904 15.67 --------- -::~61 

1;~71 Avera~e 1900-1904 14.66 

SERIES IV. 

PLOT 1 PLOT 6 

Y

18

e

9

a: ~1 Yield /f=l~e ~,~1 f~j~'e 
" Wheat 

1

28.1 bu.!$17.93 Wheat 23.7 bu. $15.12 

1896 Tim. Clo. 3.0 T. 15.451 Tim. Clo.: 2.171'. 11.18 

1897 .. .. . 3.4 T. 17.51 .. .. I 3.15T. 16.22 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

I 
Oats 43.4 bu. 10.07 Oats i 52.9 bu. 

Corn 51.3 bu.. 15.34 

Wheat 24.3 bu.I 15.50 

Corn Ii 46.5 bu. 

Wheat 20.3 bu. 

Tim. Clo., 3.45T. 17.77

1 

Tim. Clo I 2.IT. 

" ' 2.05T. 10.56 " ·• 1.5 T. 

Oats 151 2 bu. 11.88 Oats 161.2 bu. 

Corn 54.0 bu. 16.15 Corn 47.5 bu. 

12.27 

13.90 

12.95 

10.82 

7.72 

14 20 

14.20 

PLOT II 

Crop / y;eld 

Whea~- j ~;;-:-
Tim Clo 2.92T 

3.15T 

Oats 61 8 bu 

Corn .58.3 bu. 

Wheat 128.6 bu. 

Tini. Clo. 2.25T. 

2.2 T. 

Oats 70.0 bu. 

Corn 5S.6 bu. 

PLOT ll 

Cash 
VaJue 

f.18.76 

15.04 

16.22 

14.34 

17.43 

18.25 

11.59 

l 1.33 

16.24 

17.52 

))67 

14.99 

Crop I Yield I Cash 
1 

Value 

Wheat i ~~~-=-.-1 $16.40 

Tim. Clo. l.74'[. 8.96 
I 

" I 2.95T. 
i 

Oats i 5-LS bu. 

Corn f 63.S bu. 

Wheat 120.6 bu. 

Tim. Clo.

1 

2.7 T. 

' " l.8 T. 

Oats _II 60.0 bu. 

Corn 48.8 bu. 

15.19 

12.64 

19.08 

13.14 

13.90 

9.27 

13.92 

14.59 

___ 1_4._82 ________ -- -12 .. ,61 _____ _ 

14 371 11 98 I -----
Average I 895-1904 13 71 

A vera.l!e 1900 1904 12.96 

----------------------------------
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TABLE XLV.-Rotations Compared with Standard Rotation. 

SERIES I. 

PLOTS 1-G-11 I l'LOT 2 PLOT 3 

Rotation Corn: \Vheat: Ti1110_! . . • , . . 
thy. l lover 1\Iei.dow: Timuthv Corn, \\heat. l>ronrns :\lead- Corn; \Vheat; Timothy ~fl.'acl
llover :.OlcaJuw; (lats, -1 ow; Dromus ~le<.t<luw; < >ats. I ow; Timothy ii.Ieadow; (Jab; 

,~,I_''"' i "" I '""'I-''°' i-Y<"-1 '""' i ''"' y;"'_ I-""''" 
b95 \\'heat j2S.G bu .. $ IS Lij Wheat I 29.2 bu. S!SJ13 · Wheat 28.2 bu. ~17.'n 

lh9b T11:1. Uo. 1 2.::~· I 12.~.'r'.I Bromus jl .~ST. 3.86 Timothy I.SST. 9.c3 

1S97 3.--1 .. 16.o'· Oats 29.1 bu. G.59 !.42T. 7.31 

IS9::! Oats 

1

52.G bu.
1 

12.20: Oats 61.4 ba. 15.17 Oats 65.3 bu. l.\.i5 

I C 9 bl!. !, I C b 599 orn 14 .9 1· .92i orn 52.7 u. 15.76 Corn 49.3 bu. U.74 

1900 Whe't 22 9 bu.! !-I.LI) Wheat 22.5 bu. 14.36 Wheat 21.G bu. [.'.7S 

1901 T!m. Clo. 2./.-;T. ! 14.331 Ilromu> 1.35T. 6.95 Timothy 1.00T. .'.IS 

1902 2.041" I IO.SI l.92T. 9.89 l.15T. .' .. 92 

1903 Oats 163 ·I bu. H.711 Oats 56.0 bu. 12.99 Oats 59.3 bu. 13. 76 

190·1 Corn 49 . .i bu. H./S, Corn 44.4 ba. 13.39 Corn 6S.2 bu. !·'. :9 
i -------·-

IU yr A \'era~c 1595-190-L 11 "I 11.79 
i 

1~.cs 

·"-I ! 5 yr ..\ vera~e 19U(r 190-t. 13.7S 11.51 J:.r.2 

----- ;~()~-:-- ----,---~~---- i ·---;~0-;~------

Rotalion: Corn; Wheat: Clover ~!illet; Wheat: Timothy Clover ~1angels; Wheat; Timothv Clo-
:\leaduw; Clover 1(eadow; 1

1 

Meadow; Timothy Clover' ver l\1e~dow; Timothy Cluver 
Oats l\.lcadow; Oats. :Meadow; Oats, 

I Yield 
1

1 Vahte Crop 
l : I 

y I 
ear i Crop 

Oats 

1:.3 bu.1$19~: Wheat 

2.15T. I Il.07I Tim. Clo 

26.3 bu. 6.IOI " " 

65 2 bu. 19.49 Oats 

1

30.5 bu. I 9.4u: ~!illet 

1

24.6 bu. 15.69 Wheat 
I i 

f,7.2 bu.

1 

15.S9 Tim. Clo. 

I wt. lost 1 I 

J.')97 

<>ats 

IS95 \\'heat 

IS% ~(eadow 

Corn 

Wheat 

19111 

Corn 

1903 \Vhcat 

-----·-----

Yield I Value Crop Yield I Value 

27.1 bu. 

3.37T. 

3.27T. 

50.3 bu. 

3.00T. 

26.6 bu. 

SJ 7.29 \\'heat 

17.36 II Tim. Clo. 

16.54 .. .. 

11.67 nats 

15.45 ~bn"els 

16.97 \\"heat 

l:i.71 Tim. Clo. 

17.$2 Oats 

--1--
2-t . .2 bu. $15..t·i 

2.2 'f. 11..~3 

2.77T. 1-1 .!.7 

-t9.6 bu. 11..;1 

!ll.S T. IS.·») 

!S.ll bu. 11.h 

2.05T. 1LL56 

1.6 T. 8 . .24 

61.5 bu. 14.27 

1

3.:=i.r_'_.b.u.! .2~.71 1 (lats 

I ·I.•-' 1.1 24.46 l\!illct 2.251". 11.59 ~!an"els 
l---------~~~1-----------~ 

!G.O T. 2S.il0 1 Y04 Clover 

I 
15.391 

15."9 I 5 yr. Avera~e 19ll0-19<l4. 

10 yr .. \veragc l.')95-190-t, 15.131 

!U3 
I 

14.~o 

14.51 
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.. .. 

TABLE XLV-(Continued). 

PLOT s I PLOT 9 I PLOT IO 

Rotation· Rape· Wheat· Timo:. Potatoes \Vheat· Timothy Clo- Sunflowers; Wheat; Timothy 
thy Cl~ver I\l~adow: Timothy ver l\le,ado\\" T

0

11nothy Clover Clover :Meadow: Timothy 
Clover Meadow; Oats l\.'leadow, Oats. Clover :Meadow; Oats. 

Year -=:Jl_ -2:.'eld I Value -=:Jl_ I~ Value ~ Yield 

I_ I 
1895 Wheat 25.4 b". ~16.211 Wheat 25.9 bu. $1C,,52 Wheat 2&.S bu. 

189b Tim. Clo. 2 42~· 112.46

1 

T1.~. C'.o. 2.3T. 11.84 Ti.~1. ~'.o. 2.4 T. 

1897 2.C71. 13.75 2.7T. l.l.90 2.6 T. 

1898 Oats 55 1 bu., 12 78

1 

Oats 54.2 bu 12.57 Oats 52.2 bu. 

1899 Rape Po1ato 21.0 bu 7 01 5unflow'rs 1.4 T 

1900 Wheat 14 O bu. I 8 931 Wheat 29 3 bu 18 69 Wheat 19 1 bu. 

1901 Tim Clo. 2.3 T. 11 84! Tim. Clo 2.2T. 11 33 Tim Clo 2 0 T 

1902 " " 1 82T. 9 37 ' 1 5T 7 72 l.t>5T 

Oats 60 3 bu. 13 991 Oats Oats 1903 uO 3 bu 13 99 CO 0 bu 

Value 

$16.91 

12.36 

13.39 

13.50 

12.19 

JO 30 

s.:.o 
13.92 

I 
JS04 Rape ---

1
--1 Potato &7 1 bu 29 09 Sunflow rs --- -

··-- ---

12 421 Average 1895-1904 . Average lb95-l 904. 14 27 Average l;,95-190·1. 12.63 

Average 1900 1904, 11.03, A veragc 1900· 190-1 16 17 A vera~e 1 ~:00-190~, 11.23 
I 

*Averages 8 and 4 years respectively. 

SERIES I. 

Table No. XLV gives in the upper left hand corner 
averages of the three check plots 1, 6 and 11 of this series. 
The average yield in money value per acre of these three 
plots is $14.32. This serves as a very reliable comparison 
with the other. plots since the three check plots are dis
tributed over the series. All of the rotations on this series 
would naturally be expected to give good results since they 
all provide for the maintenance of the vegetable matter 
by growing grass crops and by the application of barn
yard manure. 

It was planned that all these plots be cropped under the 
five year rotation system, each plot varying only in one 
respect from the three check plots. 

Plot 2. The rotation on plot 2 varies from the rota
tion on the three check plots by having brornus alone in 
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place of timothy an<l clover. The results from this 
plot are not quite so good as from the average on the 
check plots, which would indicate that the bromus is not 
as desirable a grass crop for a short rotation as is timothy 
and clover. A comparison of the yields of bromus on this 
plot with the yields of timothy and clover for the three 
check plots shows that the first seeding to bromus did 
not catch \vell. In fact the crop was so poor that it was 
plowed up the second year rather than to leave it. The 
second seeding of bromus in 1901 shows a rather poor 
stand. It ga\·e a yield of 1.35 tons compared with an 
average yield of 2.78 tons of timothy and clover on the three 
check plots. 

Plot 3. The rotation on plot 3 varies from the stand
ard rotation by being seeded to timothy alone rather than 
timothy and clover. The yields of hay produced on this 
plot \Vere considerably below the average yields of hay on 
the check plots, \vhich accounts for the low average cash 
nlue of the product. The yields of grain following the 
timothy meadow are as good or a little better than the 
yiclcls following the timothy and clover meadow in the 
standard rotation. 

Plot 4. Plot 4 was planned for a five year rotation with 
clo\·er alone in place of timothy and clover in the standard 
rotation. Owing to the fact that it is impossible to keep 
clo\·er more than one year when two crops are taken, the 
rotation has naturally been shortened to four years, the 
clo\·er having proclucccl a crop but one year. Excellent 
results ha\·e been obtained from this rotation as shown 
by the large yield and money value per acre. Shortening 
the rotation to four years and manuring the corn crop 
each time the plot is planted to corn, increases the amount 
of manure applied since the plot receives eight tons of 
manure e\·ery fourth year instead of every fifth year. It 
\\·ould not be safe, ho\\'e\·er, to conclude that this is a 
more valuable rota ti on than the fi \·e year rota ti on, be ca use 
the cost of operating the farm under this system of crop
ping would be greater than under the five year rotation. 
As it costs- more to grow a grain or corn crop than to 
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grow a grass crop, the actual net yield in money value 
per acre from plot -1- is practically the same as that ol>
tained on the three check plots. 

Plot 5. The rotation on plot 5 \"aries from the stand
anl rotation by having millet in place of the corn crop. 
l\Tillet may very properly take the place of corn as a 
cleaning crop, since it is sown late in the spring· giving 
a chance to destroy many \Veeds before seeding-. The crop 
grO\vs very rapidly and thick, thus gi,·ing nry little op
portunity for \Veeds to grow. l\[illct or barley rnig·ht well 
be used in a rotation to replace corn \\·here corn does not 
clo well. 

Plot 7. The rotation on plot 7 ,·arics irom the stand
ard rotation by the so\Ving of mangcls in place of corn. 
The yield in money value per acre is practically the same 
as from the standard rotation. but the net profit from such 
a rotation \\·oulcl be much less than irom the standard r()ta
tion owing to the fact that it costs much more to grow a 
crop of mangels than to grow a crop of corn. The yields 
of mangels obainecl from this rotation arc not suflicicnt 
to co,·er the cost of production. It is e\·iclcnt that mangcls 
are harder on the soil than is corn from the viclds of \\·heat 
olJtainecl from this rotation. which follows the mangcls 
while in the standard rotation wheat follo\\·s corn. This 
does not indicate that mangels arc an unprofitable crop 
to grow, but that a fi\·e year rotation manured eight tons 
per acre once in fi \·e years is not a good rota ti on for 
m angels. 

Plot 8. The rotation on plot 8 varies from the stand
ard rotation by having rape in place of corn. Hape is a 
fairly good forage crop, but is much better aclaptccl to 
use as a catch crop than as a regular crop. In this particu
lar case no use could be made of the rape-hence no yield 
or value of crop \Vas obtained. 

Plot 9. The rotation on plot 9 varies from the stand
ard rotation, having potatoes in the place of corn. This 
rotation has gi\·en \·ery satisfactory results except in the 
yielcl of potatoes. The yields of potatoes obtained arc not 
sufficient to pay for cost of production. Hence, if the 
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cost of production were deducted, it would not compare 
favorably with the standard. 

Plot 10. Plot 10 varies from the standard rotation, 
having sunflowers in place of corn. As there is no basis 
on \vhich to establish a value for this crop it has been 
left out. The other crops in this rotation have given fair 
returns. 

SERIES II. 

Table XLVI gins in the upper left hand corner the 
average yields ancl cash values of the crops producer! on 
the three check plots of this series. The averag·e ca:;h 
value of the crops for ten ye<irs is $15.4r. This fornis!ic:; 
a fair basis for comparison of the rotations on the other 
plots. 

Plot 2. A four year rotation was planned for plot ::? 
consisting of corn, peas, barley and clo\·er. This plot ba,; 
given \·ery satisfactory results as shown by the a\·erag«: 
cash value of the product which is $14.56, and is nry 
likely a practical rotation where peas are a profitable crnp. 
It is probable that peas \vill make a profitable crop \vherc
ever corn does not clo \veil ancl \vhere reasonably goc1c1 
crops of peas can be grmvn. 

Plot 3 and 4. A four year rotation was planned ior 
these two plots consisting of barley, oats a11cl timothy tlvo 
vcars. The only difference in the plots is that plot 4 i~ 

top clressecl each year after the first crop of hay is cut. 
X o appreciable difference is shown in the yields of these 
h\·o plots. 

Plot 5. Plot 5 has clone rather hetter than \Vould l)l' 

expected from such a rotation. It is a rotation in one sen~c 
of the word-that is, the crops are alternated, but no pro
,·ision is made for keeping· up the humus supply. The 
yields show a tenJency to gTaclually decrease, ancl \\ill 
undoubtedly continue to decrease as the experiment c1i11-
tinues. Such a system of cropping should not be confu:;cd 
\\·ith a practical rotation. Comparing the rotation on thi:; 
plot \vith Plot 2, Series III which gTmvs wheat continu 
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TABLE XLVI.-Rotations Compared with Standard Rotation. 

SERIES II. 

PLOTS 1-6-11. I PLOT 2 \ _____ P_Lo_T_3_, __ _ 

Rotatio?: Corn: Whea!:. Timo- Rotation: Corn: Peas; Barley;!' Rotation: Barley: Oats: Tim-
t~w Clover Meadow: f1mothy Clover. othy Meadow; Timothy 
Clover Meadow; Oats. ~leadow. 

Yearl~I Yield :Value ~1~1 Value~ __ Yield 

JS95 Wheat 28.7 bu.
1
$18.33 Peas 20.83 bu.

1 

$15.62 Oats 

189o Tim. Clo. 3.27T. , 16.86 Barley 47.08 bu. I 15.58 I' Timothy 

1897 3.3!1'. 17.07 Corn 44.4 bu. 13.28 

0 ·4ob 1253 P ?'. b 1 21"' I' I 189.S ats •.) . u. . eas [ _i:s,.1 u.

1 

,.,n : .ar ey 

1899 Corn 51.8 bu.115.49 Peas 

1

27.5 bu.

1 

20.621 Oats 

1900 Wheat 26.1 bu. 16.67 Barley 22.9 bu.

1 

7.18 

1

1 Tim.~thr 
1901 Tim Clo. 3.!7T. 16.31 Red Clo. 1.92 T. 9.89 

1902 2.!0T. 10.81 Corn Wt. lost 1---
1 

Barley 

19031 Oats 63.2 bu.' 14.66 Peas " 1---1' Oats 

1901 Corn !51.6 bu./ 15.43 Badey 41.2 bu.
1 

13.63 Timothy 

Value 

73.5 bu. $17.05 

2.1 T. 1U.S2 

1.97 T. 10.15 

5-U bu. 18.01 

5·LG bu. 12.67 

1.25 T. 6.H 

u.:; T. S.50 

·Li. 7 lrn. H..16 

71.5 bu. 16.59 

3.() bu.
1 

1,.54 

lll year Average 1895-1904 15.411 14 82 i-----·-------
5 year Average 1900-1904 14.781 10:37 

13.32 

l!.iO 

PLOT 4 PLOT 5 I PLOT 7 

-----------
Rotation: Barley; Oats; Timo

thy llleadow; Timothy Mead
ow. 

Rotation: Millet; Badey; I 
Corn; Oats. 

Rotation: Corn in hills 
continuouslr. 

Year 

1895 

IS% 

1897 

IS9S 

1899 

1900 

1901 

1902 

1903 

190i 

Crop I Yield I Value) Crop --,-,--
Wheat 177.3 bu. $17.93 Barley 

Timothy 1.77 T. 9.12 

1.95 T. 10.04

1 

Barley 1

1

53.7 bu. 17.77 

, .Oats 51.7 bu.
1
_1:.991 

Timothy I .5 T. 2.58 

.. I -- TI 7 I .00 . .981 

Barley 45.8 bu. I 15.15 

Oats 
1

68.4 bu.i 15.S71 

·1·· th I 3 -7 ·1· ' 1 ~ '9
1 

JITIO y II .:i ·, u .:i 

Corn 

Oats 

Milltt 

Barley 

Corn 

Oats 

l\!illet 

Barley 

Corn 

10 year .Average 1S9:1-1904, 12.GS
1 

I 
5 year .Averag:e 1900-1901, l l.90

1 

-"'"-I v .... I ,,., -
52.0 bu.

1 

_ $17.21 Corn 

52.8 bu. 15.79 

32.8 bu. I 7 61 

2.5 T. 12.S7 

48.1 bu. 

45.8 bu. 

70.3 bu. 

.S2 T. 

34.3 bu. 

44.0 bu. 

IS.92 

13.G9 

lid! 

·1.32 I 
11.351 
H.tr, 

12.-.:2 

11.77 i 

Yield 

29.3 bu. 

31.9 

29.9 

27.7 

20.8 

37.5 

13.9 

\\' t. lost 

23.t• bu. 

I JJ.l" 

\'alue 

$ S.76 

9.54 

8.94 

S.28 

6.22 

11.21 

4.16 

7.!J(J 

-~.32 

6.75 

5.15 
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TABLE XLVI-(Continued). 

PLOT 8 PLOT 9 PLOT 10 

Rotation: Potatoes, continu- Rotation: l\Iangels continu- Rotation· Field Pea::;, sown 
ously. ously. with drill continuously. 

-------

Crop I Yield I Valuei Crop I Yield Year Value Crop Yield Value 

- --- --- -------- -- --- --- ---
1895 "o'"~ '"-~'-""°'! M~"'" <UT. 

$19.42 Peas 15 5 bu. su.1,z 

1896 :: 11.6 b.j 3.87 :: 2.0 
.. 

3.50 
.. 21 S:l ·• 16.37 

1S97 86.6 b., 28. 92 7 25 .. 12.69 .. 2 33 .. 1.75 

1S9S 
.. .. ----- .. .. 

-:::119.47 

15.8 11.85 

1099 
.. .. 

13.11 
.. 

22.94 
.. --- ---

l\'llil 
.. 

43.8 b.: 14.631 
.. 9.85 .. 17.24 

.. 
14.5 

.. 
10.8~ 

1901 
.. .. 4.25 .. 7 44 

.. --- ---

l~l()2 
.. .. 5.45 .. 9.54 .. 7.16 " 5.37 

19tl3 .. -.-\-I .. .. .. 
S\,Q b.; 29.39

1 

66 11.55 1==1== lqJ-i .. 
65.5 b.: 21.SS 

.. 4.1 
.. 

7.18 •· 
I 

3 year . .\ verag:e 

·~'~-\ 
23.SS: 9 year Average, 12.3916 year Average, 

21.97 5 year Avera~e. 10 59 2 year .·\\'eragc, 

i year ..:\ verage 9.( ! 

S.l c 

ously) as nearly as the yields of different crops may be 
compared, shows, it is believed, the value of the classifi
cation of crops as given on Page 292. The crops on plot 
5, series II are all humus consuming crops, the same as is 
wheat on plot 2, series III, and the fact that they haYe 
been changed about does not seem to maintain the soil 
in a higher state of producti,·ity than does continuous 
\Yheat cropping. 

Plot 7. The low yields of corn on plot 7 may be a 
surprise to many. It is generally belieyed that corn has a 
beneficial effect on the soil. It is well known that usualh· 
after a crop of corn a larger yield of grain is secured. 
So one might easily infer that corn is a beneficial crop 
and be correspondingly surprised at the low yields ob
tained in this experiment. It ,,·ill be obsen-ecl also, tlut 
this plot gi,·cs poorer returns than piot 2, Series III, on 
,,·hich wheat has been grown continuously. This, too. 
is contrary to what might generally be expected, since 
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wheat has the reputation of being hard on the land while 
corn is believed to be beneficial. 

Corn is beneficial to the soil in many \vays. The 
frequent cultivation given corn mainta.ins during a portion 
of the year an effective surface mulch which aids very 
much in consen·ing moisture. The culti,·ation, in aerating 
the soil, and in conserving moisture. naturally stimulates 
decomposition and maintains quite effectiHly the condi
tions favorable fo1• chemical and bacterial action. The 
larg·e yields of grain usually obtained follo,,·ing· a crop of 
corn show that this crop prepares the c;oil for ()\her crops. 
The stubble ancl corn roots return \-ery little vegTlab 1e 
matter to the soil. \\.hen corn is gro\\·n year after year 
on the same field the ,·eg·etal>le matter c;11pply ic; r;tpidly 
broke11,. clown ancl depleted: much more rapidly than is 
the case with continued wheat gro\\·ing. for the culti
,·ation of the corn stimulates decompnsiti:>n \\ hile in a \\·heat 
field the decomposition is less rapid. 

Plot 7 has ahnys been planted at tl1e same time. \\·ith 
the same quality of seed, ancl has recei,·ec\ the same culti
vation as have other corn plots in the rotations. yet it 
has failed to gi,·e ;is good results. Crn11paring the yields 
of corn on this plot with the check plot beside it. plot 6, 
for the years the check plot produced corn, the following 
results are obtained: 

TABLE :{LVII.-Comparative Yields of Corn. 

__ 1_09-'J __ , L'l<i 

41 IJ Lu , .\/ ') Lu 

.:\ ve ~ years 

Serie:-:> II Plot (1, .=-..yr totation .............. . .;..., 2 bu, 

Series I I Plot 7. corn continuously .......... . 20 '> bu 11 l Uu JG 0 bu, 

Can .... 32 . .! bu. 

The yields of potatoes on plot 8 and of mang,els on 
plot 9 tell the same story. The yields ha,·e sh<rn·n a grad
ual decrease which is clue, it is belie,·ccl, to the rapicl 
depletion of ,·egetable matter fayorecl by ct1lti,·atio11 .. \ 
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cul ti \'a tee! crop has about the same effect on the soil as 
summer fallowing. 

Though it is plainly shown from table XLVI that corn 
continuously is hard on the soil, yet a study of the yields 
of other crops following corn in rotation show it to be 
a ,·aluable crop in a rotation system where the vegetab'c 
matter is kept up by manure and grass crops. The gro\\'
ing of corn is also concluciYe to the keeping of livestock. 
This results in more manure to add to the fields. There 
arc few of the common field crops that can be more profit
ably grown on a portion of the ayerage farm in l'viinnesota. 
than corn, when manure or grass crops, or both, are used 
to keep up the supply of yeg·etablc matter. 

Corn has been grmn1 successfully for several years in 
succession on other fields at this station, but the humus 
supply has been maintained by se\·eral dressings of barn
yard manure. 

!'lots 8 a11d 9. Plots 8 and 9 ha\·e gi\·en yery poor 
yields which can be explained in the same way in which 
the low yields of corn on plot 7 are explained, that ic; 
the culti\·ation year after year has depleted the soil oi 
\·cgctable matter until it can no longer be kept in good 
physical condition. The high cash ,.<tlue for the crop un 
plot 8 must not be misinterpreted since the cost of pro
duction is nry high for this crop. 

Plot 10. Plot 10 has grmn1 peas continuously for 
ten years and though the yields sh0\\'11 are low and sever:i.1 
crops ha Ye been Inst by unfa \·orahlc \\·c:i.thcr conditions t lil' 
plot is still in fairly good condition. 

SERIES III. 

Table XLVTII gi\·es in the upper lcit hand corner the 
a \·erage yields and cash values of the crops produced on 
the three check plots of this series, the average cac;h 
ya]ue of the crops for ten years is $15.40. This furnishc~ 
a fair basis for comparison of the rotations on the other 
plots of this series. 

Plot 2. The cash Yalue of crops gTO\\"n on plot ::?. 
\\·hich grows \\·heat continuously, is considerably belo\\' 
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TABLE XLVIII.-Rotations Compared with Standard Rotation. 

PLOTS 1-6-11 

Rotation: Corn; "\Vheat; Grass. 
Grass; Oats. 

Year Crop Yield I Value 

---------
1895 Wheat 27.9 buf 17.78 

1896 Tim. Clo. 3.0 T.: 15.43 
! 

1897 Tim.Clo. 3.29 T. 16.95 

1S98 Oats 48.0 bu. 14.09 

1899 Corn 55.5 bu. 16.59 

19011 Wheat 25.3 bu. 16.14 

1901 Tim. Clo. 2.82 T.I 14.51 

19()2 Tim. Clo.12.0 T. 10.30 

1 ~'U3 Oats 67.67 bu\ 15.4S 

J9111 Corn )56.03 bu 16.75 
' I 

H1 year Average 1895-1904, 15 40 

5 year Average 1900-1904. 14.64 

PLOT 4 

Rotation: 'Vheat: Clover; 
second crop plowed under. 

Ye~r ! Cr8~1 Yield I Val: 

JS9S i Wheat 28.2 bu.

1

$J7.99 

JS% Clover 1.42 T. 7.3J 

1597 'Vheat 20.0 bu. 12.76 

189S 

1899 I 
I 

1900 

190J Clover 

1902 Wheat 

l 1Jr1-1 ""heat 

124.3 .. 

24.2 

20.S '' 

15.50 

15.44 

13.27 

1.12 T 5.77 

18.8 bu. 11.99 

' 5.5 'l .128.32 

1data lost
1
--j 

lJ years Average, 14.26j 

4 years .-\ verage, 1·1.84
1 

SElUES III. 

PLOT 2 

Rotation: \Vheat continu
ously, plowed in early 
fall. 

Value 

l'LOT 3 

Rotation: \Vheat continu-
ou~lr with (> lbs. H.ed Clo
ver Seed per ane. 

\I.heat Yield \'aluc ~1~ -----
Wheat 24. 7 bu. $15.7() 

.. 14.7 .. 9.35 

17.S 11.36 

21.4 13.65 

22.5 14.36 

1q" 9.25 

16.0 .. 10.21 

17.0 .. 10.8.) 

16.3 .. 10.40 

20.8 .. 13.27 

J 1.SS I 
I 

10.SO i 
PLOT 5 

Rotation: " 7heat; Clover: 
second crop saved for 
hay. 

Yield I Value ! 

30.0 bu. .>J9.J.I II 

Crop 

Wheat 

Red Clo. 2.24 T. 11.54 

Wheat 20.5 bu. J 3.0S 

26.7 

24.7 .. 

26.J 

Clover 2.57 ·T. 

Wheat 22.0 bu. 

Clover 5.S 'l'. 

\\'heat data le.st 

9 years A verag-e 

17.03 

15./(, 

JG.65 

13.2-1 

14.0·I 

16.7J 

l S.45 

25.6 bu. $16.33 

20.0 .. 12.76 

22.2 14.16 

2J.5 14.99 

24.0 .. 15.31 

19.S " 12.6~ 

11.3 .. 7.21 

15.0 .. 9.57 

2-t.1 15.38 

~2.5 20.74 

----
J3.9J 

J3.JJ 

-----------
PU rr 7 

Rotation: Permanent pas-
ture, Timothy au<l Clover. 

Crop I Yield ! Value 

- ---- ·--~-

\rhcat I z.:;.3 bu. $It:d4 

Pasture 1.92 T. 9.59 

1.l'l .. 6.03 

\\"heat 1 'l.S Im. J2.63 

Pasture data lost 

i 
IG2.3 days; 

1.32 T. I 
2Jf.d& 1.5T ! 

.S days 

5.80 

G.SO 

J5.J4 

8 years .. \ verai.::-e 10.20 

·1 years..'.\ \'crai.::-c 9.22 
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TABLE XL VIII-(Continued). 

PLOT 8 

Rotation: Permanent ?\.Iearl
ow, Timothy and Clover. 

PLOT 9 

Rotation: Millet. Hay, 
Clo" er. second crop plow
ed under 

PLOT 10 

Rotation: Rape in drills 
cuntinu,ously. pastu1ed off 

Year Crop I Yield I Value Crop _ Yiel<l__ Value ~I Yield I Value 

1895 Wheat 1
21.4 bu.I,;~~ llli!let 2.72 T. $12.24 Rape II I T 

1896 ~leadow I 1.87 T. 9.63 

IS97 " 2.47 " 12.72 

1.75 
.. 

7.88 7 3 

Failure I 6 
.. 

IS98 \\'heat i21.0 bu. 13.40 

1.'-,99 Pasture data lost 

2.0 T 9.00 ············· .............. 
us .. 6 52 

JC{)() ~leadow .9 T. 4.64 Failure 

IQ()! .95 
.. 

4.89 1.22 T. 5.49 73 days $ 2 61 

1902 1.27 
.. 

6.54 1.7 
.. 

7.65 

1903 3.05 
.. 

Is.soi 
19(11 

i 
1.95 ltl.011 

Failure 19~ days 6 86 

1 5 T 6.75 225 days 8 04 

9 years . \ vera~e 10.901 

S years Average o.9Si 

l!J years .\verat.:e 5 55 

5 years ;\ verai.!e 3.9:i 3 ) ears A veral!:e 5 84 

-------· ------

that on plot 1, or on an average of the three check plots 
in this series. Howenr the yields have held up much 
better than might haye been expected from the practice 
of growing wheat continuously. The early fall plowing 
and good tillage have helped to keep the soil in fair con
dition. Howeyer, the yields of wheat in comparison to the 
yields on plots that are rotated are showing a gradual 
decrease. No other result can be expected from such 
practice. 

Plot 3. Many grain farmers are so situated, or at 
least feel that they are, as to be unable to make use of 
enough pasture a11d rneado\\· land or to produce enough 
manure on their farms to maintain the humus supply in 
their soils. The results obtained on plot 3 illustrate a 
practice which may be profitably follmved under such con
ditions. 

Plots 2 and 3 ha \'e received exactly the same treat
ment as to seed, seeding and tillage, except on plot 3 red 
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clover seed has been sown at the rate of six pounds per 
acre each spring with the wheat, and the resulting crop of 
clover plowed under in the fall. The yielcls of wheat on 
the two plots show an increased yield on plot 3 of 3.24 
bu. per acre. The cost of that 3 ~ bu. per year has been 
six pounds of clover seed or 90c., lea,·ing a net profit of 
$1.17. ·\iVhile it is uncloubtedly impossible to maintain the 
productivity of the soil in this way indefinitely and grow 
gTain continuously, it is nc,·ertheless a feasible proposition 
for the farmer who is unable to more cffccti,·ely maintain 
the productivity by a \vell organized rotation. E,·cn where 
rotation is practiced and where a larg·c amount of meadow 
and pasture is not neecled. the acreage of grain can be 
increased and the acreage of grass decreased if two to six 
pounds of clo\·er seed per acre are su\vn ,,·ith each grain 
crop. The increased yield \vill more than pay for the 
cloyer seed, and the improvement of the land will be a 
clear profit. Sowing c]O\·er seed each year with the grain 
will gradually inoculate the soil with clO\ er bacteria. so 
that when a stand of clO\·er ancl timothy for meadow or 
pasture is desired, the chances of obtaining it arc greatly 
increased. 

CJoyer sown in corn at the last culti,·ation has gi,·en 
good results. The crop may be pastured off in the fall 
or p!O\ved under to increase the humus supply in the soil. 

\VEEDIXESS. 

One of the greatest clifficultics encountered by ex
tensi,·e \vheat growers is weeds. \\'ild oats especially are 
troublesome in grain sections. This weed has very nearly 
taken possession of many grain fields and continues to 
get worse year after year. Nothing else can be expected 
so long as wheat or oats are grown continuously. The 
wild oats ripen and drop many of their seeds before the 
grain is cut. thus reseeding the fie lei fort he next ,·car. 

Plots 2 and 3 in this series became seeclcd ·,\ ith ,,·ild 
oats a few years ago, probably from the clrnpping·s of teams 
at work on tJ1e plots. 1\lthough these \\·ild oats ha\·e 
been pulled by hancl se\·eral times they are still quite 



ROTATION OF CROPS 321 

abundant. Plot 1, which is separated from plot 2 onh· 
by a two-foot alley is completely free from wild oab. 
The wild oats are unable to ·get a start on plot 1, for the 
corn crop once in five years cleans them out and the two 
years of grass also gi\'es them no show to seed, the grass 
crops being cut before the wilcl oats can seed and most 
of lhe seeds buried l~y the sod lose their power to gro\\·. 

VALUE OF CLOVER. 

Plots 4 and 5. The Yalue of clover 1s shown by the 
yields on plots 4 an cl 5. These plots, though they ha \'C 

recei\·ed no manure nor ha\·e they grown a culti\·ateil 
crop. ha\·e maintained a high state of producti\·ity. Prob-
ably such a rotation is not practical for many farms as 
one-half of the farm would be producing clO\·er. I-lo\\·ever. 
this rotation as actually carried out, has produced clon:T 
hut three times in ten years, making an a \·erage of three
tenths of the farm in clO\·er and se\·en-tenths in wheat. 
\\·hich is not an unreasonable proportion. The productin: 
capacity of many of the old grain fields in the state \\·oulil 
be greatly increased if they \\'ere SO\\'n to clO\·er e\·ery fe\1 
years. This is especially true if the clO\·er can be feel 011 

the farm an cl the manure resulting· therefrom applied ti i 

the fields. The value of clO\·er for a cleaning crop is here 
demonstrated. Plots 3 and 4 are separated only by a t\\'O
foot alley; plot 4 is comparati\·ely free of weeds while plot 
3 \\·hich gro\vs wheat continuously is quite badly infested 
\\·ith wild oats. 

]'lots 7 and 8. Plots 7 and 8 on which grass has been 
gr0\n1 continuously, ha ,.e given very poor results as com
pared to hay gro\vn in rotation. The yields of pasturage 
on plot 7 show up very \\·ell for the past couple of years. 
but from careful obsen-ation ancl from the yields of hay 
obtained on plot 8, it is quite e\·ident that these pasturing· 
results are not accurate. In fact, it is quite impossible 
to get accurate results from pasturing· small plots. This 
is n11e thing- of yalue that has been determined fr()lll 
the pasturing· experiments carried out in these rotations. 
The tramping and discontent of the animals, \\:hen con-
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fined too closely. are features that must be overcome by 
using larger plots. 

MILLET AS A NURSE CROP. 

Plot 9. Plot 9, on which it was intended to follow a 
tvvo-year rotation of millet and clover, has failed so far 
to produce a crop of clover, which is clue no doubt to 
se\·eral causes. Millet is seeclecl late in the spring, which 
is not a favorable time for sowing clo\·er seed. 1fillet also 
is a yery rank growing crop, consequently shading the 
ground quite thoroughly, and this plot has ne\·er appeared 
to be in good physical condition. ,\11 of these causes 
together have pre\·ented getting a sta:1cl of clO\·er. .r\ good 
crop of clover would greatly improve the condition of this 
plot and if a crop is once secured, it is quite possible that 
this rotation might then be carried out successfully. ?IIillet 
and clover together clo not make a very desirable rota
tion, but if it is possible to get a catch of grass by SO\\·ing· 
the seed with millet, this practice might be \·aluable in 
case of failure in a regular rotation to get a stand of gr:1ss. 
In such case the field could be sown to millet ancl grass 
seed. The millet would furnish the hay crop to take the 
place of the grass that failed, and the field would be seeded 
down for the next year. 

. The fact that millet is often used for hay leads to its 
being used in some cases in place of such grass crops as 
timothy and clover. Millet being an annual it has about 
the same effect on the soil as a grain crop. That is, it 
does not develop a hea\·y root system as do such biennials 
or perennials as timothy ancl clon~r. hence it docs nut in
crease the amount of vegetable matter in the soil. :Millet 
should be grown for hay only as a catch crop or where 
the biennial and perennial grasses cannot be gTO\\·n. 

RAPE. 

Plot 10. Plot 10, as will be observed, has grown 
rape continuously, and though very poor results are shown 
from this plot, very fair crops have been gr0\\"11 each 
vear. The main \·alue of r:-ipe is as a catch crop or f()r 
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an One of the rea-
on this plot is that 

it was not con the plot with either hogs 
or The cattle used were not as a rule used to eating 
rape and it clown taking it. 

may be sown at any season of the year, and 
in to \\eeks is from ten to · inches 

The seed is cheap, g from Sc. to 6c. per 
and two to four is lllr an aue. It has iirt1\·ed 

and on 
spring, one to 

or other 

cl a ya]ualJle crop for hog 
rnany farms it sown with the grain in the 

per acre, to furnish fall feed for 
\·eral different times at the 

per acre has been sown in 
cul · ancl has \·en a 

besides 
in the corn cl 
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TABLE XLIX.-Rotations Compared with Standard Rotation. 

SERIES n-. 

PLOTS 1-6-11 PLOT 2 PLOT 3 

Ro!ation: \\rheat; ':!'i!11othy: Rotation: Flax- Timothy Clo
Rotation: E:orn: Wheat; Grass; ~~o\'er l\fleddowb tfucolhy vcr Meadow; ·i'imothy Clover 

Crass. Oats. :M~~~~e1 ea OWi as; recnj ~leaduw; ( Jats; Corn 

Year Crop Yield Value I Crop Yield Value Crop I Yield Value 

---- ---
$16.401 Wheat 1.S95 Wheat 25.8 bu. 27.9 bu. $17.i;IJ 

IS9G Tim. Clo. 2.30 T. 11.sr, Tim. Clo. 2.8 T. l·U2 

I Flax I 

'! im. (lo., 

9.2~ bu. $10.15 
i 

3,(15 T. 15.71 

1"97 3.17 .. 16.31 3.27 T. 16.o4 3.7 19 06 

IS9S Oats 50.3 bu. 11.66 Oats 55.7 bu. 12.92 ( >ats t fl.7 bu. 14.08 

16.11 IOats & illil 

l3.S6 Wheat 21.6 bu. 

1<:01 Tim. Clo. 2.75 T. 14.161 Tim. Clo. 2.S T. 

1902 1.7S " 9.18 " " 1.6 

F;o3 Oats 57.5 bu.113.33

1 

Oats Sti.2 bu. 

1904 Corn 50.1 " 14. 98 Oats 3.0.G bu. 

1S99 

21.7 

Corn 53.9 

Wheat 1900 

53.-i 15.97 

7A .. 
8.10 

3.7 T. 19.06 

2A 12.36 

(/)Ji bu. lC>.15 

Corn 

13. 7~ Flax 

1-t42 : Tim. Clo. 

8.2·1 

13.ll I Oats 

7.lU Corn 

~O ::-~\-v-er_a_g_e __ -~3.79110 years Average ll.S6 I 9 years ~\verage l·t52 

5 years Average 13.IOI 5 years Avera~e 11.31 ·1 year:-> .\vera~c 13.92 

PLOT 4 I PLOT 5 I PL< IT 7 

~----------~ 

I 
Rotation: Barley; Timothy Clo- Rotation: Corn. l~ye & Rape: Rotation: Corn: Rvc; Pasture: 

ver Meadow; Pasture; Pasture;! Uarley, Timothy & Clover: Pasture; Pastur~; Barll.!y; 
Corn; Fi&ld Peas for Hay. Pasture. Peas. 

Year I Crop I Yield : Value: Crop I Yield I \"alue 

-,--,--1-1-- --,--, 

I '05 I Barley II 47.9 bu $15.85 Fall Rye 43.1 bu 
1

1 $18.112 
I I I 

J.\9G J\leadow ! 3.8 T 19.57! Darley 39.8 I 12.7-i 

1~97 Pasture 3.45" 17.77: Meadow 2.Sl T 12.~l.) 

FOQ 

lSOl 

1rci_; 

I.Cl 

Corn 

Pe1 Hay 

Wheat 

Oat Hay 

~leadow I 
I 

Pasture 

lt1 years ~\ve:·ag:e 

5 years .A vcra~e 

2.5 .. 12.881 2.5 

48.6 bu
1 

14.531 

1.6 T I 8.00 Fad.Corn 3.55 " 

14.5 bul 9.25 Rye 18.6 bu 

4.7 TI 16.00 Barley SO.I 

2.45 ··, 12.621 :Meadow 

101.2ds 3 G21 Corn 4ri.l bu 

. -;;~(,:-9-ye_a_r_s-.-.\-v-ci-·a-~c 

9.9ui 5 years Average 

12.oS 

14.211 

7.77 

l(,,fl') 

1·1.11 

11317 

Crop Yield 

Fall l~ye 43.1 bu 

::\leado\\' 3.0 T 

2.25 .. 

Barley 41.2 bu 

Corn 

Oat !lay 4.2 T 

::\lead ow .-;;,_:; 

Pasture 

·I years .\ \'erai.::c 

\" alue 

$18.02 

15.45 

11.59 

13.63 

14.02 

1r,,so 

1 "l.02 

3.39 

13.82 

13.06 
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TABLE XLIX-(Continucd). 

____ i_'L_c_n_· _s ____ \ PLOT 9 PLOT 10 

Rotation: Barley: Pasture; 1·Rotation: \Vheat: Timothy & Rotation. \Vheat; Timothy a11rl 
l 'asture; Pasture; Corn. Clover !\.Ieadow; Timothy & Clovea Meadow; Timothy a;,d 

1 

Clover l\.leadow; Oats; Corn I Clover I\leadow. 

-------- --------

Ye a r Crop I Yield Valuel Crop Yield I Value I Crop I Yield I Value 

l'·'J; Barley 37.8 i: ~;5~: Wheat ~ ~14.741 Wheat ·~I $15.7G-

1S'J6 " 35.0 " 11.58 Tim. Clo 1.77 T 912 

1

, Tim. Clo 2 ·17 T I 12.72 

lS'.;7 I Pasture 1.87 T 9.631 " ' 2.37 " 12 21 I ·· ·· 2 9 ·· ' 1-1.94 

h9.s ! 2.0 " 10.30

1 

Oats LO. 1 bu 13 941 Wheat 22 0 bu 14 04 

1S'1J ' Corn 52.7 bu 115.76 Corn 43 0 12 86 Corn 43 0 12.S(, 

l')'l Garley 20.6 " 6 821 Wheat 20.l 12.o2 I Wheat 21 0 13 .\li 

J'l<>! l'asture 221 days\ 7 89

1 

Tim Clo 1 6 T 8 24 ·Tim Clo 2 1 T lll .'i2 

1·;1:2 Meadow 1.4 T 7.21 1 7.' " 9 01 1 7 8.7£< 

l'!IJ.; 6.2 '' I 31.93 Oats 54 0 bu 12 53 \\'heat 22.5 bu 14.3(, 

1 ~"I Pasture 319.8das 11.42 Corn 34 4 .. 10 29 :lleadow 4 77 T : 24 .5~ 
I 1, 

1: 1 ) (.3.r ..\ verage, 12.4! 14.Zc 

5 yi:ar . .\ verage, 13.0l 14.3S 

SERIES IV. 

Table XLIX giYes in the upper left hand corner ilic 

a \·erage yield and cash values of the crops produced on the 
three check plots of this series. The aycrage cash value 
of the crops for ten years is $13.79. This furnishes a fair 
basis for comparison of the rotations on the other plots of 
this series. 

Plot 2. Plot 2 has macle a Yery good record as com
pared with plot 1, or compared with an ayerage of thL' 
three check plots in this series. The a\·erage, howe,·er, is 
based on the a\·erage for nine years, but since the crop 
of 1899 was plowed under for gTeen manure, and as th::it 
is the plan of the rotation. the total for the nine yc::irs 
($117.55) should readily be diYidecl by ten. gi1ing- an a1·
crag·c annual crop yalue of $11.76. It i,; practical in but 
,·cry few instances in :.\Iinnesota to folio,,· the practice of 
green manuring" If it is deciclecl to let a piece of land 
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lie idle for one year for such purpose, it is very much 
better where clover can be grown, to sow clover, the year 
before with the grain crop and plow under either the first 
or second crop of clover. As a rule, it does not pay to 
plow under either crop of clover if there is any prospect 
of being able to feed the clover to advantage on the farm. 
The manure resulting from feeding or pasturing such 
crops, especially if some grain is fed at the same time, is 
worth nearly as much to the soil as the green crop plowed 
under. Crops used in this way furnish roughage very 
cheaply. 

THE FLAX CROP. 

Plot 3. The idea that flax is a hard crop on the soil 
is probably a mistaken one, as shown by results on plot 3. 
It will be seen that this plot has given results a little better 
than the average of the three check plots, and but a few 
cents below the yearly average of plot r, the nearest check 
plot. 

TABLE L.-Fertility Removed by Wheat and Flax (a). 

----·--~----- -----

Phosphoric 
Nitrogen. Acid. Potash. 

Lbs. Lbs. Lbs. 
20 bu. of Wheat and Straw •.................. 35 . . . . 20 . . . . 35 
15 bu. of Flax and Straw ..................... 54 . . . . 18 . . . . 27 

(a) From Snyder's Chemistry of Soils and Fertilizers. 

The above table shows that flax removes less phos
phoric acid and potash than does wheat, but considerably 
more nitrogen. Nitrogen is a very necessary element of 
plant food, but since it is cheaply retun~ed to the soil by 
the growing of clover or other legumes, the fact that a 
little more is removed by one crop than by anothe:· is not 
so important. 
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FLAX WILT. 

3r -1 

One reason why flax is supposed to be hard on the 
soil is on account of the disease "flax wilt" which makes 
it impossible to grow flax for many years in succession on 
the same soil. 

Flax wilt is a fungus disease that aHacks the smaller 
flax plants. It lives over winter or for several years in 
the ground, hence when the soil is once affected it remains 
so f~r four to six years. In countries where flax is an 
important crop it is grown on the same field but once in 
five to ten years. Flax is one of our most profitable grain 
crops and can very well enter into a rotation on many 
l\riinnesota farms. It is not harder on the land than are 
other grain crops, and, as shown on plot 3, it is often a 
good nurse crop with which to seed grasses. 

TANKAGE. 

Plot 9. The only other plot in this series requiring any 
special mention is Plot 9. By looking m·er Fig. 12, Page 
303, showing the rotation of this plot, it will be obsen·cd 
to be the same as the standard five year rotation except 
that tankage was applied to the corn instead of barnyard 
manure. The yields ha\'e not been so high on this plot as 
on the ch eek plots· It was planned to a cl cl as much fertility 
in the tankage as would be added by eight tons of manure. 
The lower yields may be due to some inequality in the 
plots, but it is very likely clue to lack of humus. The 
tankage would not increase the humus supply as much as 
\Vould the manure. 



PART II. 

INFLUENCE OF ROTATION OF CROPS AND CONTINU
OUS CULTIVA'fION UPON THE COMPOSI-

TION AND FERTILITY OF SOILS. 

HARRY SNYDER. 

In the spring of 1892 a field that had produced small 
grains for about forty years was diYiclecl into six plots, and 
each plot was subjected to a different system of cropping . 
. \t that time and subsequently at inten·als of four year~ 

samples of soil were taken from each plot and analyzed 
to determine the extent to 11·hich changes had occurred in the 
soil clue to the different systems followed. The soil was 
quite uniform in composition and was well suited to a 
study of the income and outgo of fertility. In bulletins 
I\'"os. 53, 70 and 89 of this station are reported the changes 
in the physical properties of the soils, the losses of nitro
gen ancl ·humus 1Yhen grains 1Yere grown continttously and 
the gains \1·hen they \\"ere rotated \\·ith c]o,·er. 

The experiments undertaken in 189-t were joint in
nstigations of the cliyisions of i\gTiculture and Agricul
tural Chemistry. The pj;elirninary plan of the field project 
is gi\·en in the ~Iinnesota Experiment Station Report of 
1893 by \Villiam rd. Liggett, at that time Chairman of 
the Agricultural Committee of the Board of Regents and 
Chairman of the Station Council. J\ more extended dis
cussion may be found in Bulletin No. 40. The 1·arious 
rotations were planned and inaugurated by Professor \Vil
let M. Hays, while Agriculturist of the Station. The part 
taken by the Di \·is inn of Agricultural Chemistry has been 
rnnflnecl to a study of the income ancl outgo of the fertility 
of the plots as influenced by the diffe:·ent systems of crop
ping-. The Division of Agriculture has concerned itself 
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,,·ith tl1e Yield and incrJ111e from the different rtJtati<1ns. ;111•1 
the \"ari•ius prnl>lems relating to iarrn ma11ag-e111e11t. 

1\t the close of the ten year experimental period, a 
large amount of analytical work in connection with these 
fertility studies was inYoh·ed; fortu:1ately at about thi~ 

time Congress passed the Adams Act, pro,·icling fnnds f•1r 
research \\·ork in scientific agriculture. anrl these inn·~ti

gations were made a feature under this act. Othen\ i~e 
the analytical \York would ha,·e progressed more slo\\ ly 
for lack of funds. Later the soil ilwcstigations \YCrc 
placed upon a more permanent basis by the Uniyer~ity 
H.egents establishing the DiYision of Soils. A small por
tion of the special appropriation made by the State Le:.;·is
lature of 1906 for Soil I1westigations has also been ti:;eil 

in connection \Yith this work. 
An extended statement of the rotations proposed and 

the locati<lll uf the plots is giyen by l'rnfess<Jr Hay~ m 
Bulletin ?\o. -tO, from which the follo\\·ing is quoted: 

"ROTATION OF CROPS. 

"The Di,·isions of Agriculture ancl ,\gricultural Chem
istry ha YC undertaken the joint study of the rotation 'Jt 
crops. 

"In the spring of 189-t, forty-four plots, each t\\"U 1>,. 
eight rods, one-tenth acre, \\'ere laid off on fairly unit< 1rm 
land on the northeast corner of the uni,·ersity farm. The 
land is a medium heayy clay loam or slightly mocli11ed 
till soil of g·oocl fertility, naturally \YCll unclerclrainecl :rncl 
able to retain a large amount of capillary moisture throu:.;·h 
periods of seyerc drought. 'fhe plots are in four serie~ 

running cast and west and containing ele,·en plots c;1ch. 
these running north and south. Between each series thl' 
ends of the plots arc separated by alleys a rod \Yicle, and 
between each pair of plots are alleys t\\·elYe feet "i(k. 
an alley t \\·o ieet \\·ide separating the t\\ o pluts of the p:1 ir. 
This separates the plots and enables the teamster to re:tl·h 
all plots in using any machine \Yithout unnecessary tr:1111p-
. " mg. 
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FORl\IER RESULTS AND CONCLUSIONS. 

The earlier conclusions reached in studying the in
fluence of continuous cropping and the rotation of crops 
upon soil fertility have been verified in the more extended 
series of experiments reported in this bulletin. The re
sults obtained some fifteen years ago in a study of the 
fertility of native and long cultivated soils, and published 
in Bulletin N"o. 30. I 893. :tpply cqu;11ly \\·ell to this inyestiga
tion. \Vith slig·ht modifications and some additions, the 
former conclusions could consistently be repeated as those 
reached in the experiments reported in this bulletin. The 
former conclusions, l\Iinnesota Bulletin No. 30, 1893, are 
as follows: 

"l. Continued cropping of soils to grains only, \\'ith
out any system of rotation, or other treatment, is telling 
severely upon the original stock of half decompose<l animal 
and yegetable matter and nitrogen. Soils which ha\·e pro
duced grain crops, exclusi,·ely for ten or fifteen years, 
contain less humus ancl nitrogen than adjoining soils that 
haye never been plowed. 

"2. Soils which ha,·e been cropped until the organic 
matter and humus ha,·e been materially decreased, retain 
less water and dry out more readily than ·when there is a 
larger amount of organic matter present in the soil. 

"3. Soils which are rich in humus contain a larger 
amount of phosphates associated with them in available 
forms than soils that are poor in humus. 

"4. Soils ·which are rich in humus and organic matter 
produce a larger amount of carbon dioxide, which acts 
as a solvent upon the soil particles and aids the roots in pro
curing food. 

"5. One-half of a sandy knoll, heav.ily manured with 
well rotted manure, contained nearly a quarter more water 
during a six weeks drought, than the other half that re
ceived no manure. 

"6. The supply of organic matter in the soil must be 
maintained because it takes such an important part, indi
rectly, in keeping up the fertility. A good system of rota-
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tion, including sod crops and well prepared farm manures, 
will do this, and will avoid the introduction and use of com
mercial fertilizers which are now costing the farmers of 
the. United States o\·er thirty-five million dollars (now 
eighty million) annually. It will not do to wait until this 
question forces itself upon us. 

"7. J\ rotation of crops will soon be necessary on 
account of the peculiar composition of some of the soils 
ancl rnrrc,;pn 11di11g subsoils, especially those where the sur
face soils are richer in phosphates and nitrogen while the 
s11bsuils an' rirhcr i11 putash and lime. By means of rota
tion the inll benefit of the strong points of both the top 
soil and the subsoil will be secured." 

The decay uf !lie ln11m1s and liberation of its nitrogen 
is only one of many chaIJges that has taken place. Loss 
of the elc111cnt nitrogen cannot be said to be the only 
cause of decline in fertility, as field experiments with fer
tilizers on old gr;1in lands show that nitrogen alone, when 
aclclccl to the soil, fails to entirely restore the fertility. In 
addition to the decay of the humus and loss of nitrogen, 
the mineral elements of plant food ha Ye undergone changes 
in combination. the soils ha\·e become lighter in color ancl 
other\\"ise modified in physical properties. 

To restore 1.hc fertility of 1.hc soil t\\O methods of prn
ceclurc arc c1pc11: l-\:cepi11g li\·e stock \Yith proclucti"11 
and use of m;unire. nr use of commercial fertilizers. The 
best results \Yill probably be secured by a judicious com
bination of the t\\"O methods. To produce on all farms 
enough manure to maintain the fertility of the soil \\'oulcl 
require the keeping of a large number of li\·e stock, and this 
\\"Oulcl e\·entually result in oyer production. There arc 
large areas of soils, originally of high fertility, where the 
rotation of crops, moderate use of farm manure ultimately 
suvplernented with commercial manures will gi\·e the best 
financial results. 

The conclusions reached in regard to the use of com
mercial icrtilizcrs are g·i\·e1; i11 Bulletins ::\os. 9-J. ancl I0.2 

of this Station, from which the following quotations arc 
taken: 
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"Commercial fertilizers should not be usecl incliscrim
inately on olcl soils ,,·ith a ,-ic,,· of securing large yielcls, 
and it is not feasible by their use alone to economically re
store the fertility to soils that ha,·e been impO\·erished by 
ex cl usi ve cropping to s ma 11 grains. Commercial fertilizers 
are of great value when judiciously employecl in a rotation 
ancl for encouraging the growth of legumes, as clO\·er, so as 
to add nitrogen to the soil from atmospheric sources. It 
is belicn'd that when the\· arc used in this \\·av thev will . . . 
proye beneficial and remunerati\·e. Before applying them 
in large amounts it is recon1111cndcd that farmers make 
preliminary trials on a small scale to determine the actual 
neecls of the soil. so that unnecessary elements of plant 
food be not purchased. Commercial fertilizers cannot take 
the p!ace of farm manures or crop residues, particularly 
those from clO\·er and timothy, for permanently imprO\·ing· 
the soil, but they aicl in the procluction of some crops and 
often assist a crop, as clo,·er, which in turn is beneficial in 
adding nitrogen and humus to the soil. 

"Commercial fertilizers should he used in connection 
with crop rotations, farm manures and clo\·er production. 
rather than as the only means of increasing· the fertility. 
\\"hen judiciously used, they hayc a proper place in our 
agriculture, but \vhcn indiscriminately applied it is general
lv at a financial loss.'' 

In addition to this study of the losses of nitrogen and 
humus at the Uni\·ersity Farm. similar iiwestigations were 
made on a number of farms of students of the Minnesota 
School of Agriculture. l<rom definitely located points in 
large fields samples were taken and analyzed, ancl after the 
lapse of ten years the same soils \vere again samplecl and 
analyzed; the results are briefly summarized as follows: 

:\ rotation of grain crops alone, without the procluc
tion of clover or a grass crop, was founcl not to be suffi
cient to consen-e the nitrogen content of the soil, e\·en 
\\·here farm manures \\·ere used. i\ rotation of crops. in 
order to be effectual, must contain clO\·er ·as one of the 
essential parts, as a rotation of grain crops alone, \\·ithout 
clO\-cr, may deplete the soil nitrogen more rapidly than 
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TABLE LI. 

Location of Sud System of Croppin~ 

Nitrogen Content 
Percent. 

1895 I 1905 

Red River \"alley I Grain 1-~I .523 

I 
Central \Vestcrn part :\ rotation of grain 
of slat~ i crop~~~ar~~rl~~,~~l~~~wn, .422 .389 

3 l~cntral pai~ of "tat~ I Similar to Farm No. 2. / .286 .247 

------- ---- ----

j Similar to Fann Xo. 2.1 

Ci:ntral--So-11t-he_rn_ 1

1

' H.ot:tio~ of cro11s,c1over,i ___ _ 

p;-ut of ~ tatc I and farm manure used. I ·31 

-t ChippL·wa ]{i\·cr 
\ ;i;J_:y .363 .2-t 

.3()9 

Estimated I ,o:~s 
of ~itro~e11 

Pounds per _\ere-

2,000 

l,!!UO 

l ,~01) 

3,000 

1-·--
1 

continuous culti\·ation of one crop. It is to be noted that 
the losses t>f nitrogen from the large grain farms \\ere 
practically the same as from the experimental plots at 
the l~niycr;;ity I'arm. 

The bencJlcial action of a clo\'er sod, grass crop res
idues. and farm manures upon the soil is not alone cun
flncd to supplying- nitrogen ancl humus-forming materials. 
but chcmical. hactcriological and physical changes are ;tl~u 
promoted in thc ;;nil. 'J'hc studies made at this statiun 
and publi,;hed in former lrnllctins sho\\. that chemical crn11-
bination may take place het\Yeen the decaying. orga11iL' 
compournb incorporated \\"ith the soil and the miner:Ll.'. 
_\s a result r)f thi,; change. plant f1)od is made a\·ailable. Dur
ing the decay of animal and n·g·etab1e materials. acid pr1l
ducts arc inrmetl 1\·hich unite \\·ith the mineral,; of the ""ii. 
partirnlarly \\·ith the pt )tash and ph()sphoric acid for111-
ing c1)mpt)u11•b kn•1\\·n as llllmates. \Yhich are 1·alu;Ll11c 
forms t )f phnt i1H)t1. In the absence tlf sufticicnt alka
line matter in the soil. the acid remains urn1cutrali/L'11 
and the soil u11prntlucti\·e. lrnt liy the addition of lime. 
\\"ood ashes and other alkalies. this free acid is neutralized 
and the procc,;s of humus production allm\·ccl to continue. 
Hence it is that farm manures ancl grass crop residues 
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are valuable, not only for the fertility which they contain 
but also bcause of their favorable action upon the inert 
mineral matter of the soil, rendering it available as plant 
food. Experiments at this station have shown that the 
mineral matter combined \vith the humus may serve as 
plant food. Oats and wheat have been grown in which 
all of the mineral plant food was derived from that com
bined with the humus. 

The indiscriminate practice~ of bare summer fallow
ing hzis been another cause of loss of the soil's nitrogen 
and humus. The occasional fallowing of Janel to destroy 
insect pests and weed seed is oiten i1ecessary, but the alter
nation of grain and summer fallowing is particularly de
structive to the humus by encom·aging rapid decay with 
liberation of the nitrogen. Fallowing is temporarily bene
ficial, a few good crops being secured, but it is at the ex
pense of permanent fertility. Experiments show that 
when summer fallowing is practiced fi\·e times more nitro
gen is rendered soluble and a \·ailable than is required for 
the succeeding crop; and the soluble nitrogen that is not 
utilized as plant food is readily lost. There is no soil so 
rich in nitrogen that it can endure the long continued 
practice of summer fallowing without ultimate decline in 
fertili~y. 

Particular stress is laid upon the nitrogen. and humus 
of the soil because they may be controlled by cultivation, 
and if the humus and nitrogen content is maintained the 
problem of fertility is greatly simplified. The maintenance 
of the mineral plant food of the soil cannot be neglected, 
but the mineral matter is not subject to such large gains 
and losses as the nitrogen. 

On most western farms it is more economical at the 
present time to make the resene mineral matter available 
as plant food than to purchase new stores. In many soils 
there is a large amount which is not in the most available 
forms, but is capable of being made so by cultivation. 
It should be the aim to keep this resen'e fertility in such 
a condition that it ·will gradually become anilable and 
can b.e drawn upon by future crops. \Vhen the soil is 
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made to produce one crop year after year, th~re is but 
little- opportunity for the reserve fertility to become avail
able. 

The mineral elements of plant food, it should be re
membered. are present in ancl form a part of the micro
scopic soil particles. The plant obtains its food from these 
particles, and the less decomposed they are, the more diffi
cult it is for the plant to utilize them. If proper means 
are taken, it is possible to have some mineral food in all 
the different stages of clecomposition, so that as soon 
as the most a \·ailable is taken up by the crop there are 
other forms reacly to be acted upon and made available to 
take the place of that which has been removed. Chemical 
a11cl physical changes are continually taking place in the 
soil, and in some soils these changes are more rapid than 
in others. Jn the culti\·ation of the soil it should be the 
aim to assist nature in bringing about those changes which 
render the plant food ayailable. 

\\.hile a rotation of crops in which clover forms an 
essential part may result in maintaining the nitrogen ancl 
humus content. there is, after a series of years, a mate
rial loss of n:ineral plant food, as potash and phosphate 
compounds. In fact. a rotation of crops remo\·es more 
total mineral plant food from the soil than when a grain 
crop is grown continuously, and thus a rotation may hasten 
the exhaustion of fertility. A rotation of crops, with the 

_ occasional use of farm manures and the production of 
clo\·er, will not indefinitely maintain the fertility of all 
soils; only those soils that are naturally fertile and cont'.lin 
large amounts of reserve plant food will indefinite1y re
spond to such a system of cropping. 

On some soils the rotation of crops only hastens ex
haustion of the fertility by causing a larger total amount 
of plant food to be remO\·ed, and where large resen·es cl() 
not exist in the soil the use of commercial fertilizers will 
be neccssar~·- .\ t the present time and in the case of 
prairie soils that arc beginning to show the effects of ex
cessi\·e grain production, rotation of crops and the pw
cluct ion of clm·er will be more beneficial than any other 
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means for restoring fertility. This \\'ill assist in securing 
larger yields for a series of years, but will not prove the 
final solution of the problem of maintaining the fertility 
of the soil. 

In connection \vith the rotation experiments, tests 
have been made to determine the draft of farm crops upon 
the soil as to the amount of nitrogen, phosphoric acid and 
potash required by the plants as food. These results are 
published in Bulletins Nos. 29, 3-+ an cl 47. It has been 
found that farm crops clo not rcmo\·e large amounts com
pared \\'ith the total mineral matter ;n the soil, but only 
very small portions of the mineral clements are a\·ailable 
as plant food at any one time. Crops make their draft 
upon the soil mainly in the early stages of gro\\'th, as the 
mineral food is required in acl,·ance of the formation of 
plant tissue. Gro\\'th is often checkecl for lack of a good 
supply of ayailable plant foocl at the time crops are pass
ing through their first or formati,·e stage. A plant, like 
an animal, if stan·ed while young can ne\·er regain its nor
mal gro\\'th by later liberal feeding. 

In these i1westigations much attention has been giYen 
to the physical condition of the soil as modified by the 
rotation of crops. Briefly stated, it has been found on the 
plots \\'here the rotations \\·ere follo\\·ed that the soils 
when wet are some\\·hat darker in color than \\'here grain 
or root crops \\·ere gro\\'n continuously. The loss oi 
humus has slightly affected the \\·eight of the soil per 
cubic foot, and the apparent specific gTa\·ity, the loss not 
having been sufficient, howe,·er. to materially affect the 
absolute specific grayity. Laboratory tests sho\\' that the 
soils from the rotated plots respond more fa\'orably to heat 
and \Yater than the soils from the continuonsly cropped 
plots. The rotated soil plots absorb about 5 per cent 
more water and do not cake so bad I y or form as ha rcl 
lumps when clry as the soils from the continuous]\· cul
tivated plots. A.lso tests as to 111oi:;ture content during 
periods of drought shmYecl larger amount,; of \\·ater in the 
rotated plots. The humus made the soils more mellcm· 
and restored that condition commonly callee! "good tiltL.'' 
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Thorough culti\·ation of the soi! is the first essential for 
the successful production of crops, and frequently this i:; 
neglected by the cnltivator. \Vithout the right kind of 
culti\·ation goocl seed and fertilizers will accomplish llllt 
little in the way of larger crop yields. The yields from 
the plots where wheat and other g1:ains were grown con
tinuously and in rotation were in part secured through 
the thorough culii\ ation. but ctilti\·ation alone, yalua!Jlc 
and illlportant as it is, will not soh·e the problem of better 
crops. Culti\·atir in 11111st be comliined with a judicious sys
telll of lllanuring-. During the first clecacle oi these rota
tion c:-;:perimenh the resenc fertility of the soil has been 
dr:l\\'11 upon for lllaintaining crop yields, during succcecli11g 
period.; the rcsen·c fertility \\·ill become less acti\·e, and 
undouhteclh· it \\·ill he neccssan· to re-enforce it \\·ith one . . 
or more of the elc111c11ts of plant food, as potash or pho-;
phatcs. Culti1·atin11 cannot take the place of nnnure.;. 
neither can manures take the place of cuJtiyation. Dot Ii 
arc important in crop production. It is uncloulitedly the 
:;um of all t hcsc factors. physical, chemical and bacterio
lng·ical. that enables larger yields of crops to be secured 
from the rotated plots. It cannot be said to be clue ti1 

physic:1l conditions alone. because it is impossible to im
pro\·e the physic;i] condition of the soil \\·ithout at tllL' 
s;ime tillle hri11gi11g about a series of chemical and b;ic
teririlog·ical ch;ing·cs. There is such an intimate relation 
heh\·ecn the phy:;ical. chemical and b;icteriological change.' 
in the soil th;it it is impossible to cause one to take phl·c 
\ritl1011t also influencing or inducing the others. A ration;1 l 
e:-;:pl;in;ition of crop rotation must be founded upon physi
cal. chemical and b;icteriological grounds. 

In this lrnlletin. special emphasis has been bicl on 
111;iintaining· the humus supply of the soil. because tlh· 
humus acts on the soil in all of the three different 1Yays 
111entinned. phy,.;ical: chemical ;ind liactcriolngical. ;ind 
bring·s ah<Jut desirable changes. hut. ;-is pre\·iously stated. 
niai11taining· the h111m1s docs not alone permanently soh·l· 
the problem of soil fertility in connection \\·ith crop pro

duction. 
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'METHODS OF ANALYSIS. 

Sampling Soils. The method of the Association of 
Official Agricultural Chemists was followecl in sampling 
the soils, and the samples were taken from definitely lo

cated points. In each plot two points, A and B 
are located. A is situated one rod from the 

A east and two rods from the south boundary 
line, while B is one rod from the east and two 
rods from the north boundary line. From A 

8 as a center ,and within a radius of five feet, 
three samples of soil were taken to a depth of 
six inches. In the 'Same way three samples 

were taken with B as the center. These samples were 
mixed to form a composite sample. At both the beginning 
and the close of the experimental period the soils were 
sampled in the same \Yay. It is belie,·ed that by taking· 
the samples from definitely located points the difficulties 
in the way of securing comparable samples are reduced 
to a minimum. It is to be notecl that in these experiments 
the surface soils \\·ere sampled to a depth of six inches 
while in the experiments reported in earlier bulletins the 
soils were sampled to a depth of nine inches. It was 
found that, if the samples ,,·ere taken to a clepth of nine 
inches, a little of the subsoil would be included in the rase 
of some of the forty-fonr plots. The plots were fairly 
uniform, but not as uniform as those used in the earlier 
trials. vVhile the rotation experiments on the forty-four 
plots were started in the spring of 1894, the soils were 
not sampled until the following year. 

Nitrogen. The nitrogen was determined by the Kjel
clahl method, about twenty grams of soil being used for 
the purpose. The method for determinatiun of nitrogen 
is recognizecl as one of the most accurate determinations 
in analytical chemistry. Samples of the soils collected and 
analyzed in 1895 \\'ere clriecl ancl stored in glass cans. 
When the 1905 samples were analyzed some of these for
mer samples \Vere re-analyzed with the view of checking 
any minor errors arising from the work being clone at 
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different times and under possib!y different conditio1~s. In 
all cases a reasonably close agreement of results was se
cured. 

The nitrogen results plainly indicate that the errors 
arising from sampling and in the analytical work are com
paratively small, and- that the variations in the nitrogen 
content of the soils at the beginning and at the close of 
the experimental period are clue 'to actual changes which 
have taken place in the soils and not to uncontrolahle 
errors. In a former bulletin, No. 70. page 254, it is stated: 
"Since nitrog·cn is of so much importance in plant growth. 
it is essential it should be accurately determined, and 
\Yhile the percentage amount of the nitrogen in a soil is 
comparatiYely small, methods ha\·e been devised for de
termining this snnll amount \\·ith a high degree of ac
curacy. The results are giYen as percentage amounts: 
.222 per cent of nitrogen means that in 100 pounds of dry 
soil there arc .2:?2 pounds of nitrogen. Duplicate deter
minations of the same soil when carefully made, agree to 
within .00-t of a per cent and less. Hence any material 
increase or decrease of nitrogen, as .01 of a per cent or 
more as shown by analysis is due to a loss or gain of 
nitrogen from the soil caused by the method of cultivation." 

In order to secure data as to the inAnence of slight varia
tions in the depth of sampling upon the nitrogen content 
of the soils, samples were taken from one of the plots to 
\'arious depths, as follows: 

Soll 

Inches 
1 to 6 
1 to 7 
1 to 8 

Nitrogen 

Per cent. 
.242 
.237 
.217 

The decrease in the nitrogen content of the samples of 
soil was nearly proportional to the increase in the depth 
of sampling. A change of one inch in the volume of the 
first se\·en inches affected the nitrogen results to the 
extent of .005 per cent. Since the soils of these experirnems 
were sampled under similar conditions at the beginning 
and the close of the experiment, it is believed that an\' 
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error introduced through change of \·olttrne of soil would 
amount to less than an inch in depth. or .005 of a per cent. 

In nitrogen determination of food materials results 
to the third clecimal place are not reported ,as they are 
not generally considered by chemists to be reliable. In 
the case of soils, howeYer, the results to the third place 
bear the same relation, as far as accuracy is concernecl. 
as the results to the second place in the analysis of foods. 
An analyst is not considered as possessing a high degree 
of skill if he is unable to duplicate his results to within .05 
of a per cent for a material containing one per cent of 
nitrogen. In the deter111i11:i.tin11 oi nitrugen in foods. fn1111 
.7 to 1 gram of the material is usually taken. ancl in the 
case of soils containing .2 t<1 .3 per cent of nitrngen, fn >Ill 

IO to 20 grams. \\.hen the substance. ;is S<•il. contains a 
small per cent of nitrogen, ancl a large amount of the 
substance is used for the determination. the accuracy of 
the results expressed by the third decimal is proportionally 
increased. Lawes and Gilbert, in their extcnsi\·e inyesti
gations on soil nitrogen. often report their results to the 
fourth decimal place, and \\'arington giYes all of his soil 
nitrogen results to the third decimal place. \\'hen the soil 
samples are accurately and systematically taken ancl the 
analytical \\'Ork is carefully clone, it is belie\·ecl it is safe 
to attribute any difference in nitrog·en content of .01 of 
a per cent to change in nitrogen content of the soil brought 
about by the methods of culti\·ation. 

H1111111s. No direct cletermina tions \\'ere made of the 
humus content of the soils at the beginning ancl close of 
the experimental period, because the present methocls for 
its determination are not sufficiently accurate to warrant 
comparisons being made where the changes in humus 
content amount to less than one per cent. The change 
in organic content of the soils was, howeYcr, determined 
from the g·ains and losses of the clement carbon: which 
is a constituent that makes up oycr 50 per cent of humus. 
The detcrn1i11ati<:n of t<•ta1 nrganil· c;1rho11 h\· comln1sti<111 
analysis, like the deter111i 11at i, m o [ nit rugc11. is accur:1te. 
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\\'hen the carbon and nitrogen results are jointly C()ll

siclerecl. they show not only the amount but also the gen
eral nature of the changes which haYe taken place in the 
organic matter (humus) of the soil clue to the different 
systems of culti\·ation. 

The humus ancl organic compouncls exert a moclifying; 
influence, both physically ancl chemically, upon the com
position of the soil. Briefly stated: humus yields throug·li 
pniccsscs ,,f decay nitrog·en as fond for plants: it cnrnbi11e,; 
\\·ith the inacti1·e mineral matter of t11e soil to produce 
lnm1a!es. \\·liich arc Yaluahle forllls of plant food. and 
\Yhen humus is incorporatecl in soils, there is improYement 
in the g«:ncral physical properties or tilth. To secure the 
hig·hcst benefits from humus. the soil should contain a 
slight amount of acti\·e alkaline material which readily 
combines \\·ith the organic acids produced from the decay 
of the 1H111111s and forms lrnrnates. Excessin: decay of 
the humus takes place in ne\\" soils that are cropped ex
clusi\·ely to small grains. A moderate decay of the humu.~ 
is clesirahlc. so as to render the nitrogen ancl mineral mat
ter aYailalile as plant foocl .. \s pre\·iously stated. one oi 
the chici benefits dcri,·ecl from rotating· crops is the mainte
nance , 1i a 1ii>eral suppl~- of nitrngenr1us 111111ms in the soil. 

l'otuslz u11d l'!Iosplzoric .·lcid. Xo attempt \\·as made tri 
study the total los,;cs of phosphorns and potassium from 
the yarious ploh. The soils arc characterized by a high 
percentage oi pho:;phorus compounds. about .20 of a per 
cent Cli ph(),;plwric anhyclricl. P~0 0 Small crystals of apatitl' 
or phosphate rock are occasionally obsen·ecl in the me
chanical anah·sis of these soils. .\s the surface soils con
tained 4.000 pounds per acre of phosphoric anhyclricl a11d 
approximately 250 pounds \\"ere remo,·ecl in the ten crop,;. 
it is quite nident that the determination of the total 
phosphoric acid \\·01ild fail to shm\· any decline, as the 
amount lost \Yould be less than the limit of error i1woln'rl 
in its determination. In the case of the nitrogen. tlil' 
losses arc much gTeater, as it is both utilized as plant 
frnid and ]()st \\·hen cxcessi\·e decay of the humus occur~. 
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the nitrogen being rendered both soluble and volatile. The 
changes in solubility of both the phosphorus and the 
potassium compounds during the ten years of different 
methods of cultivation were determined. The method 
followed, the fifth normal nitric acid, is described in the 
Methods of Analysis of the Association o{ Official Agri
cultural Chemists. Slight changes in the solubility of 
the potash compounds appear to have taken place during 
the ten year period, but no appreciable change in the 
solubility of the phosphoric acid in the dilute nitric acid 
seems to have occurred. 

To show the general chemical composition, an analysis 
was made of the soil of one of the plots of each of the 
four series. The average of the four analyses is as follows: 

TABLE LIL-Chemical Composition of Soil. 

Per cent. 
Total Insoluble Matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82. 51 
Potash (K20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~R 
Soda (Na20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18 
Lime (CaO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
Magnesia (MgO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .28 
Iron (Fe203 ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .2.79 
Aluminia (Al203 ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 5 .16 
Phosphoric Anhydrid (P2 0 5 ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 21 
Total Volatile Matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. 82 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99. 80 

In Tables Nos. 53, 54, 55, 56, are g·i\·en the pcrcentaRe 
amounts of nitrogen and carbon in the dry surface soils, 
a11cl the phosphoric anhyclrid and potassium oxide soluble 
in fifth normal nitric acid for the forty-four plots, at the 
beginning and at the close of the experimental period. 
The tables also give the systems of rotation followed. 
Credit is clue Messrs. ]. A. Hummel, 1\. D. Wilhoit and 
W. H. Frazier for valuable assistance rendered in the 
analytical work. The following tables g·ive the composi
tion of the soils from the forty-four rotation plots, sampled 
in 1895, ancl again in 1905 after ten years of cropping. The 
rotations, as originally proposed, are in the first column. 
In a few cases it has been necessary to slightly modify 
the original plans because of failure to secure a grass crop 
at the place desired in the rotation. These changes are 
indicated by foot notes. The results are all on the basis 
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of dry soil, and include total nitrogen, total carbon, phos
phoric acid. and potash soluble m fifth normal nitric acid. 

TABLE LIII.-Soil from Plots, Series No. 1. 

COMPOSITION IN 1895 

!'lot No 1. I 
Rotation: \Vheat, 1 
yr : duver and timo-

1 

thy, 2 '.·rs.; oats, 1 yr.;I' 
corn. I yr .229 

1. l'lot No 2. 
Rotation: \Vhcat, I 
yr.; brumus, 1 yr.;I 
oats, 2 yr.; cum, 1 yr. .231 

Piot No. 3. 
Rotation: \Vheat, 1 
yr.; timothy, 2 yrs.; 
oats, 1 yr.; corn, 1 yr. .234 

Plot No. 4. 
Rotation: \Vheat. 1: 
yr.; clever and timoJI 
thy, 1 yr.; oats, 1 yr.; 
corn, 1 yr. 

l'lot No. 5. 
Rotation: \Yheat, 1 
yr.; clover and timu-j 
thy, 2 yrs.: oats. 1 yr.: 
millet, I yr. 

Plot No. 6. 
Rotation: Wheat I 
yr.: clover and tirno· 
thy, 2 yrs.; oats, l yr., 

.218 

.222 

corn. l yr. 217 

Plot No. 7. 

~~u:ta~;~~~r ~~~~f~~o: I 
i:1y, 2 yrs.: oats, 1 yr.; I 
man~les, 1 yr. 201 

l'I"t No 8 
Rotation· \Vheat, 1 
yr.; clover and timo· 
thy, 2 yrs.; oats, 1 yr; 
rape, 1 yr. 201 

Plot No 9. 
l{otation; \Vheat. I 
yr : clover and t11110· 

th:,·. 2 yrs.; oats, l yr., 
potatoes, 1 yr 

J>lut No 10 
Rotatwr.: Wheat, 1 
~·r ; clover a1:d hmo
thy, 2~rs ;oats,l yr.; 
sunflower. 1 yr. 

l'lnt No. 11. 
Rotat10n: \Vheat, 1 
) r : clover and timo
thy. 2 yrs.; oats, 1 yr.; 
corn, 2 yrs. 

209 

198 

.226 

3.00 

3.06 

2.H5 

2.90 

2 72 

3.10 

1·1 1897 oats, and 1902 hromus. 
\\'heat in 1901 and clover 1904. 

39.54 195.0 

51.70 E15.2 

53.W 232.4 

19.16 

292.7 

57.58 

275.0 

7'Ul 165 6 

76 26 149 7 

74 63 155.5 

123 JS 197.5 

COMPOSITION IN 19115 

.234 3.04 3~.63 13S.0 

.202 3.12 SJ. 77 109.z 

.217 2.92 41.61 ].'t>.7 

.239 3.09 49.dS J 7~1.S 

.247 68.45 

.231 

.204 51.27 1 ;; 7 

206 46 26 J ;<>' 

.217 79 65 J 71 b 

.203 2.72 84.90 I 

.226 2.99 117.00 l~u.O 
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TABLE LIV.-Soils from Plots, Series No. 2. 

COMPOSITION IN 1895 COMPOSITION IN 1905 

---------- --- --~- --- ----
Plot No. i. 

Rotation: Wheat, l yr.; 
clover and timothy. 2 
yrs.; oats, 1 yr.; corn, 
1 yr. 239 . ....... lll 61 213 3 

3. Plot No. 2. 
Rotation: Corn, 1 yr.; 
peas, 1 yr.; barley. 1 
yr.; clover, 1 yr. 254 2 75 85 92 ........... 

Plot "o. 3. 
R<Jtation: Barley, l yr.; 
oats, 1 yr.; timothy, 2 

I· 
yrs. 2 70 90.49 3<il 5 

Plot ~o. 4. 
Rotation: Barley 1 yr.; 
oats, 1 yr.; timothy, 2 
yrs. 2 58 178 7 

Plot No. 5. 
Rotation: f\.fillet, l yr-.; 
barley, I yr.; oats, I yr.; 
cocn, 1 yr. 3 02 91-75 248 0 

Plot No. 6. 
Rotation: Wheat. 1 yr.; 
dover and timothy, 2 
yrs.; oats, 1 yr.; corn, 
1 yr. .214 3 00 53.41 162 5 

Plot :-<o. 7. 
H.otation: Corn in hills. 
cuutinuousJy. I .219 2.94 54.Sl 172.4 

Plot :-...ro. 8. 
Rotation: Potatoes' 
continuously. .212 2.93 55.35 163.7 

Plot No. 9. 
Rotation: :Mangles

1 cuntinu,ms]y. .223 2.95 76.23 142.0 
p] .. , :-<o. 10. I 

H.()tation: Peas. f.eld, I 

"~ 
"" "" - 0 <.I 

"'~ --~ o·- v 
t-<ZP.. 

261 

273 

.225 

209 

.179 

.17S 

.190 

in <lrills continuously ......... 110.0.3 •••••••••• r ··•······· 

Plut .\'o. 11. 
.k.otation: Wheat, 1 yr.: 
cluver and timothy, 2 
yrs.; oats, 1 yr.: corn, 

__ ly;. .210 2.97 ........... ··········· 
*Plots in slight cC':rression, rPsults PXC'IUdPd. 
3. Peas in 1898 and 1899, and corn in 1897. 

.219 

112 65 179 3 

2 95 7s 9S 141 c 

2 ,1 71 74 150 9 

2 73 76 02 149 6 

3.02 79 01 101 3 

3.10 9319 147 2 

2 40 54 51 115.7 

2 27 57 24 

I 
1054 

2.50 73 7!. 

i 
7599 

I 
128 2 

3.05 311.00 I 173 s 
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TABLE LV.-Soil from Plots, Series No. 3. 

I/ COMPOSITION IN 1905 -------
COMPOSITION IN 1895 

Plot No. 1. 
Rotation: Wheat, 1 yr; 
clover and timothy, 2 
yrs: oats, 1 yr; corn, 1 yr .215 

Plot No. 2. 
Rotation: Wheat con- 1 
tinuously, fall: plow 
early. .229 

Plot No. 3. 
H.utation: Wheat con-
tinuously; sow 6 lbs. 
red clover with wheat. 
Pht No. 4. 
Rutativil '. \Vheat, 1 yr: 
clover. 1 yr· plow un-i· 
der second crop. 
Plot No. 5. 
H .. .itation. \Vheat. 1 yr: 
clJver, 1 y.t". save sec-I 
and crop clover for' 
see:! or hay. 

Plot No. 6. 
Rotation·. Wheat. 1 yr: 
clover and timothy £ 

yrs; oats, 1 yr; corn, 1 
yr 

S. Plot No. 7. 
Rulat.un: \:Vheat, 1 yr; 
permanent past lire::, rt.:d 
clover, timothy, ru.1

1

· 
top, Kent1:cky bke 
g-rass, orchard grass. 
bro nus, alsik.e and'I 
wlute clover. 
Plot No. 8. .. 
Rotation: \Vheat, 1 yr; 
pennanen t meadow. rt!di 
clover, al~ike clover,! 
timothy, orchard grass, 
bromus. 

Plo No. 9. 

.223 

.215 

.215 

.220 

.229 

.221 

1029 170.S .232 

3.03 107. 7 .......... j .201 

iOl 0 191 8 .253 

2.51 79.25 .......... . .2:.0 

2.93 112.6 165.3 I .250 

3.(12 86.20 195.26 .253 

3 09 92.31 .233 

2.91 58.37 .224 

Notation: Millet. 10

1 

yrs. aw.l some clover. 

1

.......... 121.4

1 

....... . 
Plot N·, 10. . 

Rotation: Rape con-: 
tinuously, drill pas~urei' 

.224 

Plot No. 11. 
Rotation: Wheat. 1 yr; 
clover and timothy Z: 

98 46 145.4 

2 71 102 7 145.4 

7:; 0 I :: 4 

3.34 73 97 I :t.5 

3 24 74 99 1 Ii .3 

3 11 79.12 lf .. \.0 

3.16 56.21 1..;.:: .. 0 

2.97 42.2b 1.- .. S 

........... 124.4 l' 

3.10 76.70 off. .211 3.00 8

90

1 .. 8

42

4

1 

.. 

1

.

4

.

0 

.... 

4 

... 

_y<.:r:.:s:.:.; .;;o;::at::•:.:.· .:.1_,,_y"r;:..:c:.:o::.r.::n.:l..;Yc:cr.:... ·---'·:=2=:20"--'--~==-==-'-==-'-'--""2:::5_.7_~=c:.;.:--'8"'9".0-:.4'-'-'-1 '·' ' 

4. \\'lw:i.t 1 S~/ to 1_900. 
5. Wheat 1898. 
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TABLE L VI.-Soils from Plots, Series No. 4. 

COMPOSITION JN 1895 COMPOSITION JN 1905 

Plot No. 1. 
Rotation: 'Vheat, 1 yr; 
clover and timothy, 2 
)'rs: oats, 1 yr, co1n. l yr· 

6. Plot No. 2 
1-totation: Wheat, I )T; 
clover and timothy, 2 
vrs: oats 1 )'t., green 
inanure 1 )"r; plow un
der c.rop of mixed oats 
early in summer late in 
fall a crup of ra!Je. 

Pl0t No 3 
Rotation: Flax l yr; 
clover and timothy, 21 
yrs: oats. 1 Yt · cc:irn, l yr' 

7. l'l"t No. 4 I 
H.otation: Darley. 1 yr: 
clover and timothy, 1 
)r: pastu1e. 2 yrs field 
pea hay, 1 )T. 

8. Plot No 5. 
Rlltation. Corn, 1 yr. 
rye and rape. 1 yr. bar· 
ley, 1 yr, pastu1e. tim-
othy, red and alsike 
clover . .3 yrs 

Plot No. 6. 
Rotation: Wheat 1 )r: 
clover and timothy. Z 
yts: oats.1 yr; corn, 1 yr 

9 Plot No 7. 
Ru~ation: Corn. l yr; 
rye, 1 yr: pasture. tim
othy, red and alsikeclo-
ver, 2 yrs; barley 1 yr; 
peas. 1 yr. 

Plot :"10. 8. 
]{utation· Barley, 1 yr; 
pa...:.tarc, timothy, re<i. 
and a1sike clover. 2 yrs; 
corn, 1 :rr 

Plot No 9. 
Rotation: \Vheat, 1 yr; 
timothy anti clover, 2 
yrs: oats, 1 yr, 1.tank
agd corn. 

10. Plot No JO 
Rotation: Wheat. 1 yr; 
timothy and clover. 2 

.231 

.214 

.236 

.201 

.208 

.201 

.208 

.209 

.208 

yrs. .209 
Plot No. 11. 

Rotation: Wheat, 1 )T; 

clover and timothy, 2 
yrs; oats. 1 yr; corn, 1 yri .207 

2 96 73 us 1~7.5 .253 3.32 

3 04 68.69 1s1 ! .239 3 . .;s 

..... ..... 105 4 243 2 .250 

........... 102 5 231 0 .228 

122 8 170 h .230 

2 94 91 76 154 1 .215 3.04 

129 8 .218 2 89 

........... 129.5 146.3 .225 

2 70 85 42 145 0 212 2 88 

2.68 94.19 1606 .220 2.84 

115.9 J 55.3 .214 

6. No green manure, but oats in 190-L 7. Curn in 1900. 8. Rye io 1895. 
9. Rye in 1595 and oat hay, 1902. 10. Corn, 1899. 

7<•.07 175.2 

42.14 150.5 

71.56 149.3 

48.25 132.0 

123.8 145.6 

76.58 108.3 

72.71 115.3 

75 58 110.8 

100 6 157.2 

Sb.28 

96.14 146.8 
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DISCUSSION OF RESULTS. 

Control Rotation Plots. Twelve of the plots, Nos. l, 
6, and 11 of each of the four series, were designated zi;; 

control plots and on all of these the same rotation was 
followed; namely: wheat, one year; clover and timothy. 
two years; oats, one year; corn (fertilized with eight tons 
of farm manure per acre), one year. The clover and 
timothy were seeded with the spring wheat, and usually 
a good stand of clover was secured the first year. The 
first year of meadow, clover predominated, and the second 
year timot11y. It is ·to be noted that there was some 
clover produced during three of the five years. The nitro
gen and carbon content of these twelve control plots. at 
the beginni~1g and close of the ten year period, are gi\·en 
in the following table. 

It is to be noted that ten of the twelYe plots contained 
more nitrogen at the close than at the beginning of tl 1 c 
experimental period, one contained the same amount, and 
one showed a slight loss. The a\·erage nitrogen contt>nt 
of the t\Yelve plots in 1895 was .219 per cent, and in 1 oo.; 
.233 per cent, a gain of .01-t per cent. The maximum gain 
of .037 per cent was secured on Plot 11, Series III, while 
Plot 6, Series II, showed a loss of .005 per cent. Taken 
as a whole, the results show a slight gain of nitrogen clnr
ing the ten years. This gain does not include the nitrogen 
removed as plant food by the crops, amounting to nearly 
500 pounds per acre. The anrage gain of .014 per cent 
is greater than possible limits of error, and the larger por
tion of this can be attributed to no other cause than to an 
actual increase in the nitrogen content of the soils. 

The accumulation of nitrogen in soils where clO\·cr 
and other legumes are grown, has been well establisher! 
by Hellriegel and a number of other investigators. The 
extent to which soils may gain or lose nitrogen when 
grains and legumes are grown in rotations has not hereto
fore been extensively studied. 

In these rotations. in which clover was grown during 
two years of the five, the nitrogen accumulated from at-
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TABLE LVII.-Nitrogen and Carbon Content of Control Plots. 

NITROGEN 
5eries No. I PiotNo. 

___ !_ . ..:'._er c."nt 1895 / Pe~_nt I905 

Average 

II 

II 

II 

Average 

III 

III 

III 

Average 

I\' 

IV 

JV 

Average 

6 

11 

6 

11 

6 

11 

b 

11 

General Average 

.229 

.217 

.226 

.224 

.239 

.2H 

.2!0 

.221 

.215 

.220 

.220 

.218 

.231 

.201 

.207 

.213 

.219 

*Plot in slight <lepression. 

.234 

.231 

.226 

.230 

.261 

.209 

.2!9 

.229 

.232 

.253 

.257 

.247 

.253 

.215 

.214 

.227 

.233 

Carbon 
1895 

3.00 

3.10 

3.05 

3.02 

2.94 

3.00 

Per Cent 
1905 

3.04 

2.99 

3.01 

3.11 

3 04 

3.06 

mospheric sources was sufficient to supply that required 
as plant food and to increase the store of total nitrogen in 
the soil to the extent of .014 of a per cent. It can be said 
that in these rotations the nitrogen content of the soil was 
fully maintained, and even to a slight extent increased. 

The per cent of carbon obtained by combustion an
alyses also indicates that an equilibrium was maintained, 
as the percentage amounts at the beginning (3.00) and 
close (3.06) of the experimental period are practically 
the same. The use of the farm manure at the rate of 
eight tons once in five years, and the production of two 
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clover and timothy crops have been sufficient to maintain 
the humus and organic compounds of the soil. Any in
crease or decrease would be followed by a corresponding 
change in the content of the soil's carbon, inasmuch as 
humus is over fifty per cent carbon. The rotation fully 
maintained both the nitrogen and humus content of the 
soil. 

At the beginning of the experiments the soils of the 
control plots contained an average of 178 parts per million 
of potash soluble in fifth normal nitric acid, and at the close 
153 parts. The general tendency of the potassium com
pounds has been to become less soluble during the period 
of the rotations. \Vhile the loss was small, it was sufficient 
to ·show that the disintegration of minerals containing 
potash was not equal to the demands of the crop and loss 
through leaching and drainage. The potash soluble in 
fifth normal nitric acid was removed from the soil more 
rapidly than it was liberated by disintegration of the more 
complex potash containing minerals. 

There was no material change in the solubility of the 
phosphate compounds during the experimental period, as 
measured by fifth normal nitric acid. In the case of five 
of the plots there were slight gains in solubility and seven 
of the plots shoi.,ved losses. The changes in solubility of 
the phosphoric anhyclricl were not sufficiently pronounced 
to allow definite conclusion being drawn. The phosphorus 
compounds of these plots do not appear to be as evenly 
distributed or as uniformly soluble as the potassium com
pounds. For a comparison of the fertilizer requirerncn ts 
of soils, as determined by field tests, and chemical methods 
involving the use of fifth normal nitric acid. the reader is 
ref erred to Bulletin No. 102 of this Sta ti on. 

Rotation without Clo,uer.-V/here timothy alone was 
seeded (Plot 3, Series I), the rotation in other respects 
remaining the same as on the control plots, there was a 
loss of .017 per cent of nitrogen. This loss is about 10 
per cent greater than the estimated amount removed as 
food by the crops during the experimental period. The 
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substitution of timothy for clover in the rotation resulted, 
at the encl of ten years, in a difference of .031 per cent of 
nitrogen in favor of the clover. The carbon (humus) con
tent of the soil was not appreciably affected by the substi
tution of timothy for clover. 

Rotation witlz ClO'iJcr and without Corn.-\\Then potatoes 
and mangels were substituted for corn in the five year rota
tions (Plots 7 and 9, Series I), clover and timothy being 
grown as in the standard rotations and farm manure used, 
the nitrogen content of the soil was maintained. Corn, 
however, appears to conserve the nitrogen to a greater 
extent than roots, as the gain in the standard rotations 
with corn was .014 per cent and when roots \Yere substi
tuted .005 per cent . 

Peas and Clover i11 a Rotatio11.-vVhen both peas and 
clover were grown in a four course rotation (Plot 2, Series 
II) with corn and barley, there was a gain of .019 per cent 
of nitrogen and .2 per cent of carbon. \\Then the rotation 
was lengthened to include rye, timothy being seeded with 
the clover and the land pastured (Plot 7, Series IV) the 
soil gained .01 per cent of nitrogen and .2 per cent of car
bon. In a shorter rotation, where the rye was omitted 
an cl the land ·was one year in meadow (timothy and clover) 
and two years in pasture, corn, barley and pea hay also be
ing grown, the soil gained .027 per cent of nitrogen. Peas 
and clover in a rotation appear to add the maximum 
amount of nitrogen to the soil when clover is produced more 
t ban one year. 

Wheat and Clover in Rotation.-On a number of plots 
wheat and clover were combined to form rotations. The 
influence upon the nitrogen content of the soil is noted in 
the following table: 

All of the combinations of wheat and clover show an 
increase of soil nitrogen, the gains in general being greater 
than in the standard five year rotations in which wheat and 
clover were grown with other crops. Clover, when used 
as green n1anure, has a n1arked effect in increasing the 
nitrogen content of the soil. 
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TABLE LVIII.-Nitrogen Content of Soils from Rotation Plots. 

Plot 3 Series I I J, wheat continuously clover berng- sown each ye:>r with wheat 
as greeu manure 

•Plot 4, Series I I I, wheat one year clover 1 year. plow under second crop. 

•Plot 5, Series I If, wheat 1 year. clover 1 year. second crop used for seed. 

1Plot10. Serie~ IV, wheat 1 year, dover and timothy 2 years 

• \Ylwat lS!JI to 1900. 
t Corn 1 ~~~'· 

.223 

..2i5 

.215 

.209 

.253 

.250 

250 

.220 

Clover and Flax in Rotation.-Flax was substituted for 
wheat in one of the)ive-year rotations (Plot 3, Series IV). 
Clover and timothy were seeded with the flax; the bnd 
was left in meadow for two years and then oats were raised. 
followed by corn, manured at the rate of 8 tons of stab1e 
manure per acre. The substitution of the flax for the spring 
wheat had no effect upon the nitrogen content of the soil. The 
gain on the control plots with cloYer and wheat was .014 
per cent nitrogen, and when flax was substituted for the 
wheat, the gain was also .014 per cent. 

In 1896 a study ·was made of the draft of fl.ax upon 
the land, and it was found that the fertility removed in a 
crop of flax yielding 15 bushels per acre was no greater 
than that removed by many other farm crops. An acre of 
corn removes more fertility than an acre of fl.ax. The con
clusion was reached that "Flax does not remove an ex
cessiYe amount of fertility from the soil," and it was rec
ommended that it should be gro\Yn in a rotation \Yith clcn-cr 
and corn, and farm manure applied to the corn. when g111H] 

crops of flax would be secured and the fertility of the 
soil would not be exhausted to any greater extent than if 
a grain crop were grown. (See Minn. Ex. Station Bulletin 
No. 47.) In this experiment it is to be noted that when 
such a system was followed the nitrogen content of the 
soil was maintained. Intelligent fl.ax growing, in which 
flax forms one of the crops in a rotation, does not exhau~t 
the fertility of the soil; it is when an attempt is made to 
grow flax too freqi.1ently on the same soil, or on soils th;it 
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are not properly prepared or adapted to its production, 
that poor yields result. 

Green M anure.-On one of the rotation plots (No. 2, 
Series IV) a green manurial crop was substituted once 
during the ten years for the corn of the control rotation. 
This resulted in increasing the nitrogen content; the total 
gain during the ten years was .025 per cent, while the gain 
of the control plots was .014 per cent. 

Permanent Pasture a11d M eadow.-A permanent meadow 
w~s seeded on Plot 8, Series III, and a permanent pasture 
on Plot 7, Series III. Difficulty was experienced in getting 
and keeping these plots in meadow and pasture. The 
soils practically maintained a nitrogen -equilibrium without 
any material gain. Clonr was seeded on both of thes(' 
plots, but the non-legumes largely replaced the clover 
after the second year. It has been necessary to plow up 
and re-seed both plots. 

Miscellaneous Rotation with Clm1er.-Clover was also 
grown on a number of plots in rotation with various mis
cellaneous crops. In all cases the soils increased in nitro
gen content, as will be observed from the following table: 

TABLE LIX.-Nitrogen Content of Soils from Miscellaneous Rota
tion Plots with Clover. 

I 1895 I 1905 

~~,;t ::;~ ~eries IV. corn 1 year, rape and rye 1 year, Larley ~yea:. clove~~·~--::~!--
othy pasture 3 years, (rye 1895). ! .20S .230 

Plut 9. Series IV, wheat 1 year, clover and timolhy 2 years, oats 1 year, corn I 
year,\ tankage applied). I .20S 

Plot S, Series IV. barley 1 year, clover and timothy pasture 2 years, corn I year. 
\stable manure). I .209 

.212 

,225 

Plot 5. Series I, wheat 1 year, clover·anc.I timoth}' 2 years, oats 1 year, millet I I' 
yi.:ar, (stable manure). .2Z.2. .247 

Plot 1 ll, Series I, wheat 1 year. clover and timothy 2 years, oats 1 year, sun' 
flower 1 year, (stable manure). .198 .203 

Plot S, S~ries I. wheat 1 year, clover and timothy 2 years, rape 1 year, (stable 
wan ure). .201 .206 

Plot 9, Series III, millet hay 1 year, clover 1 year. .217 .224 

vVhen clover was grown 111 a six course rotation 
(Plot 5, Series IV) there was a gain 6f .022 per cent of 
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nitrogen. \\Then tankage was substituted for the stalJle 
manure of the standard rotation (Plot 9, Series IV) the 
soil nitrogen was not so well conserved as when farm 
manure was used. On Plots 5, 8 and 10, Series I, millet, 
rape and sunflowers were substituted for corn in the five 
course clover rotation, and a gain in nitrogen was secured 
in each case. There appears to be no large gain in nitro
gen content from holding the land more than two years in 
meadow or pasture. The second year clover gives way 
to timothy and then the nitrogen previously accumulated 
may be drawn upon as plant food. On Plot 8, Series IV, 
barley and corn were grown and the land pastured two 
years; the gain of nitrogen to the soil was .016 per cent. 

Co11ti1111011s Croppi11g.-On four plots (No. 2, Series 
III, and Nos. 7, 8 and 9, Series II), wheat,. corn, potatoes 
and mangels were grown continuously. The soils of all 
these plots lost nitrogen, as will be observed from the fol
lowing table: 

TABLE LX.-Nitrogen Content of Soils. 

Series Plot Rotation 
JSOo 190$ Loss 

No. 1\o. Per Lent Per Cent Per Ccr~t 

I 

Ill \\-heat, continuously .~29 .201 .028 
I 

II Corn, .219 179 .o·.o 
I 

II ll'otatues, .212 ,17.S .034 

II )1'tndes 0 .2.23 .190 .033 

.:\\·er:i:..:e, .221 .1 Si .034 

---~- ----------

When wheat was grown continuously for ten years. 
there was a loss of .028 per cent of nitrogen from the soil. 
and in the case of corn the loss was .04 per cent. The 
average loss when the grain and roots were grown \\·as 
.034 per cent. In these continuously cultivated plots 110 

humus forming materials were added. and there wa,.:; a 
reduction in the carbon content of o\·er .5 of a per cent. 
equi,·alent to about 16 per cent of the total original carliil11 
.content of the soil. During the ten years of cultivati1111. 
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there has been a loss of about 16 per cent oi both hum us 
;incl nitrogen, ancl this was not confined to the surface six 
inches alone, less but appreciable loss having taken place 
from the subsoil. 

It is es ti mated that an acre of the soil of these plots 
tu a depth of six inches weighs in round numbers 2.100,-
000 pounds. The loss of nitrogen from the surface soil 
amounts to 714 pounds and from the subsoil to about 400, 
111aking a total loss of 1,100 pounds. It is estimated that 
zibout one-third of this nitrogen has been utilized as plant 
f11ocl, and about two-thirds have been lost. 

The rapid decay of the vegetable matter (humus) of 
the soil has resulted in the liberation of more nitrogen 
than was utilized as plant food. During six or se\·en 
months of the year the process of nitrification-change of 
the humus nitrogen to soluble and available forms-goes 
011 rapidly, and for aLout half of this time no crop occupies 
tlie lane! to absorb the nitrogen liberated by oxidation of 
the humus, and consequently a large portion of the a \·ail
;1hle nitrogen. as nitrates inrmerl as the result oi nitrifica
tion, is lost in the drain \Vaters, or volatile compounds of 
nitrogen are formed and liberated as gases. It is not poss
ible to retain any large amount of nitrog-en in the soil, 
c:-::cept in the form of humus. 

The iactors which assist in rapid nitrification are: 
presence of lime and alkaline matter. and aeration of the 
soil such as is secured through continuous cultivation of 
one crop. The favorable mechanical condition of the soils 
(If the continuously rotated plots, together with the req
uisite amount of lime, has been the main cause of the rapid 
nitrification of the humus, and the formation of nitrates 
through the workings of organisms. When wheat, corn, 
rotatoes and mangels were grown in rotation with clover, 
new stores of nitrogen, derived from atmospheric sources, 
\\ere aclclecl to the soil, and the rapid clecav of the humus 
\\·;is checked. Continuous cropping is a destructive pro
ce~s, and the rotation of crops and the application of farm 
111anures are constructive processes in humus building. 
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That the larger portion of the loss of nitrogen has 
been due to rapicl nitrification is shown by investigations 
of Lawes and Gilbert, who studied the rate of nitrification 
in American soils collected at \Vinnipeg and other points 
i11 the Northwest Territory. These soils they exposed 
under laboratory conditions for periods of over a year 
(13 months), and at int<:rvals cleterminecl the amounts of 
nitric nitrogen fqrmed. As they state, these conditions 
were not strictly comparable with field conditions, but in 
a general way the results indicate the rapidity with which 
the nitrification process may take place in prairie soils. 
The results are given in Vol. VJ, Rotharnstecl l'v1emoirs, 
Field Experiments, page 417, from which the following 
condensed statement is made: 

TABLE LXI.-Rapidity of Nitrification of Soils. 

SOIL FROM 
I 

I Total Lbs. of Nitrogen 
Lbs. of ~itrogenl as Nitric Acid formed Per Cent 

of 
Total 

I 
de::: t~;:eft. Durin~ I During first 

' I period Six nlonth 
----------1-----,--- '---------

:\ivcrville ..................................... ! 7,308 1' 234.1 194.6 3.21 

1:,,n.!on ........................... ·············· I 5,236 , 250. I 

:-;;,::Jkuk · · ······••••••· ........... ·••••••• .. •· 1 1 i,3Q4 (,~.::. '. 

179.2 4.75 

466.6 3.77 

\\' ;nn:j1c~ : 1 l,9S4 t50.0 447.2 5.-l.? 

--- - ------ --·----

10.45S 447.4 321.9 4.29 

It is to be noted, during a period of six months an 
average of 321.9 pounds of nitrogen as nitric acid, or nitrate 
nitrogen, was formed under the conditions of the experi
ment. At the same rate of nitrification, the amount of 
nitric nitrogen formed during the spring and summer 
months for ten years would amount to over 2,500 pounds 
per acre, or 25 .per cent of the total soil nitrogen,, This 
does not include the nitrogen in the form of nitrites and 
other soluble or volatile forms which are also known to 
be produced through oxidation of the humus. 

\Yhen small grains are grown on new Janel, the loss 
of nitrog-en is undoubtedly greater than when grown on 
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soil that has been under long cultivation. In old soil the 
humus becomes less active and nitrification does not take 
place so readily. The rate of nitrification and the amount 
of nitrogen added to the soils by judicious rotations with 
legumes can be controlled largely by the farmer. A loss 
of 1,100 pounds of nitrogen in ten years from soils where 
wheat, corn, potatoes and mangles were grown continu
ously, seriously affected the permanent crop producing 
capacity. Although the soils of these plots still contain a 
comparatively large amount of nitrogen, this excessive loss 
caused by continuous cropping was unnecessary and did 
not occur on the plots where the crops were rotated with 
clover. 

In former investigations, the loss of nitrogen from the 
soil, to a depth of nine inches, when corn and small grains 
were grown continuously, ranged from 1,400 to 2,000 
pounds per acre in twelve years. Both the former and the 
present investigations show that continuous cropping to 
small grains and roots results in depletion of the soil nitro
gen, and by far the larger portion is not used as plant 
food but is lost through rapid decay of the humus and 
liberation of its nitrogen in volatile and soluble forms. 

The losses of organic matter (humus compounds) 
from the soils have also been large. The analyses show a 
decline of .5 per cent in the carbon content in ten years. 
It is estimated that during the ten years the soils upon 
which the grains and roots have been raised continuously 
have sustained a loss of over one per cent of organic com
pounds, equivalent to over 20,000 pounds per acre, or an. 
annual loss of one ton. 

Gains of Nitrogen. \i\Then wheat was grown in rota- . 
tion with clover and corn, as in the standard rotation, the 
average gain of nitrogen to the soil was .014 per cent, 
equivalent to about 300 pounds in ten years. The maxi
mum gain when clover was grown, .037 per cent on Plot 11, 
Series III, was equivalent to about 775 pounds, while 
Plot 6, Series II, showed a loss of .005 per cent, or 100 
pounds. ·With the exception noted, gains are recorded 
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on all of the plots where clover was grown. The gains 
and losses per acre of nitrogen and carbon are calculated 
by multiplying the per cent of nitrogen, as obtained by 
analyses, by the estimated weight per acre of the soil to 
a depth of six inches. As previously stated, the per cent 
of nitrogen can be accurately determined, but the weight 
per acre can only be approximated. In making the cal
culations, it was deemed best to use the factors represent
ing the maximum apparent specific gravity as determined 
from the maximum weight per cubic foot of the soil (dry) 
in situ, and from the computed values obtained from the 
absolute specific gravity and the apparent specific gravity 
of the moderately compacted in which the per cent of 
pore space is known. It is estimated that an acre of the 
soils of these plots to a depth of six inches weighs under 
the conditions stated 2,100,000 pounds, in round numbers. 
Warington states that "nine inches depth of arable soil 
(clay or loam) will weigh when perfectly dry 3,000,000 
to 3,500,000 pounds per acre. King, in the 17th annual 
report of the \Visconsin Station, page 209, states that 
three inches clepth of stirred soil represents one-fourth of an 
acre foot. or 100,000.000 pounds, in round numbers. 

SUMMARY. 

The analyses of tl1e soils of the forty-four experimental plots at the 
beginning and the close of the ten year period showed: 

(1) The maximum amount of nitrogen was lost when the soils were 
cropped exclusively to wheat, corn, potatoes and mangels. When these 
crops were grown continuously there was an average loss of .034 per cent of 
nitrogen, equivalent to 1,100 pounds per acre. In the case of \vheat two
thirds of this nitrogen were not utilized as plant food .but were lost by the 
rapid decay of the humus with the formation of soluble and volatile nitrogen 
compounds. \Vhcn the crops were grown continuously the soils lost .5 
of a per cent of carhon, representing over one per cent of humus, or 20,000 
pounds, equivalent to an annual loss of one ton per acre. 

(2) There was an average gain of .014 per cent of nitrogen, equiva
lent to a bout 300 pounds per acre, in the case of twelve standard rotations, 
consisting of whc1t one year. clo\"CT ~rncl timothy two years, oats one year. 
and corn one \"Car, manured with stable manure at the rate of eight tons 
per acre. Frot11 one of the t\\"ch·e plc•ls ther~ \\"as a small los;; of n_itro,gen. 
The results, t;1kcn as a \\·Jiole. shn,\· the mtrogen content 1s ma1ntamcd 
\\"hen cltn·cr is grO\\·n (\\"O Years in a :i\·c cnurse rotation, and then the 



358 . ROTATION OF CJ{OJ>S 

application of nitrogen containing fertilizers is unnecessary. In practicall-. 
all tl1e rotations where clover was grown, gains of nitrogen were seemed. 
There were no great differences in gains of nitrogen that could he attribute• I 
to the combination of any special crops with clover. Any substitution o I 
crops in the rotation could be made without materially affecting the nitro
gen content of the soil, provided clover was retained. \Vhen the crops \\'ere· 
rotated, the carbon and humus content of the soil \\'as maintained and in 
some cases slightly increased. The results show that whezit, corn, oats. 
barley, flax, rape, potatoes, mangels, millet. bromus and timothy can IJ, 
grown with clover in three, four, five or six year rotations without 10s' 
from the soil of either nitrogen or lrnnrns. By rotations \Yith clO\·cr. th< 
nitrogen content \\'as consen·cd, and in some cisc·s slightly incrv:t'.'•'Ci. Th· 
gains and losses of nitrogen arc practically umkr the conlr<>l ni the culti 
vator. 

(3) In the rotations where timotlw and tir•n-kg·umcs were' suhst it ult-<' 
for clo,·cr, a loss of nitrogen occurred,- hut the czirfrnn ( :rnd l111mu') con 
tent was maintained. The consen·ation nf tl1e lrnnrns preycntcd rzipid nit ri
fication, and tl1e loss of nitrogen from the soil only slightly cxceccled tha· 
removed by the crops. 

(4) The potash compounds of the soil were lc::c; <nl11hlc at tJw cJ,,s, 
than at the beginning of the ten year experimental period. The forrnatioP 
of soluble potash compounds from the decay of the potash minerals die! 
not keep pace with the amount removed as plant fond and that Inst in 
soluble forms in the drain waters. 

( 5) Systems of rotation, in which clover (and other legumes) form 
an essential part and in which farm manures are used, should be przicticcd 
to prevent depletion of the nitrogen and humus of soils, because the hnmus 
takes such an important part, chemically, physically and bactcriologically. 
in maintaing the fertility. 

Correction to Bulletin No. 102. 
On Plot No. 3, 40 pounds of nitrate of socb. read :12 pound;;. 

Correction to Bulletin N n. 80. 
Page 165. In the fifth column, nitrogen free extract. read 39.40, 

not 38.77. Page 172, Table 77, nitrogen free extract. re:1d 37.48, not 
37.03. 

Page SS. 
Page 56. 
Page S6. 

Corrections to Bulletin No. 65. 
Subsoil No. 572, volatile, read 10.30, not 1.30. 
Subsoil No. 570, add medium sand, 7.43. 
Subsoil No. 538, silt, read 20.99, not 22.99. 

Corrections to Bulletin No. 63. 
Page 500. No. 1265, nitrogen free extract, 70.39, not 71.49. 
Page 528. Sample 2, total nitrogen .3S9, not 369. 

Corrections to Annual Report. 
Page 180c . Sample 1, alfalfa hay, nitrogen free extract, read 

37.SO, not 34.47, and also sample 8, read 32.30, not 32.09. 
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