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SUB-STATION EXPERIMENTS. 

INTRODUCTION. 

In establishing experiment farms the legislature has recog
nized three natural divisions of the state based upon widely 
differing agricultural conditions. 

The _first and most imporfant is the southern division, 
lying south of a line drawn from east to west across the 
state at St. Cloud, and constituting nearly one-half its en
tire area. The conditions of this southern division are 
practically the same as those at the experiment station at 
St. Anthony Park, and the extensive line of experiments 
there carried on are conclusive so far as this region 
is concerned, supplemented as they are by investigations at 
Coteau Farm. where the conditions are the same as those of 
a comparatively small area,-the western tier of counties border
ing on South Dakota south of the source of the Minnesota 
river. In this southern division of the state mixed farming is 
the rule. The prairie soils are mixed clay and sand. fertile. 
but not inexhaustible. The farmers arc prog-rcssive and pros
perous, making their money out of Ji,,e stock and grain crops 
with fruits and vegetables as side industries. The result is 
present profits and increasing fertility of soil. Cood ln1ilcli11gs, 
groves, fences, roads and other permanent farm improycments 
arc being rapidly developed, and the prairie has already been 
converted into a Janel of attractive homes. 

The second diyision is Minnesota's part of the great Rcrl 
River Valley, covering an area forty miles wide by two hundred 
and fifty miles long. The conditions here are peculiar. Since 
the river flows north and empties into II udson Bay, its source 
thaws first, while the ice to the north blocks up the outlet. 
This makes the· valley subject to spring floods. The soil is 
heavy, poorly drained, with fertility seemingly inexhaustible. 
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l l 11·as rit ice att racti 1·e tu bonanza farmers, but there are few 
111c11 in that n·vi1i11 1\"ho do not now admit the necessity of a 
radical change in mcthud. How to institute a permanently suc
l·cssful system llf farming in the valley is a leading question at 
this time; ancl if the University can, by its experiments at the 
~urtlrn-cst Farm, sug·g·est a course which will put agriculture 
, q1 as succL·~siul a IJasis as that of the southern division it will 
dc:"crn: the thanks of the people who have made their homes 
in t lie Yallcy an cl add immensely to the wealth of the state. 

The third cliyision of the state is the Pine Region, which 
ocrnpics about two-fifths of its entire area, and was originally 
o lHTed 11·ith forests of pine, tamarack, oak and other valuable 
timber. IIere are ex!encled areas of sanely soils, sanely loam, 
11·ith a rnia1lcr area of boulcler clay and fine soils of mixed 
sa11d and cby, anrl in the extensive tracts of poorly drained 
an·as a very larg"t.'. arnuunt of peaty soil. The lumbermen have 
cut uvcr the f11rcsts of this region and much of the land has 
been tho11g:ht unfit fur agriculture. Until recently but little 
attrnti"n has been paid to it by incoming· settlers. During the 
past few years. however, a sharp advance in prices of other 
bnds in the state has dra\\"n a strung tide of immigration to this 
iurest region, and the advance guard of settlers is pushing to
\\ ard the northern IHJlllHlary. lt now seems probable that the 
agricnltural interests of the third division \\"ill prove more valu
able than its immense mineral deposits, which haYe already revo
J utiunized the irnn industries of the world. The peculiar ad
vantages uf this rq.~·ion agriculturally arc its \Yater conmmnica
tion \\·ith the \\'hole world, its immense supply of wool! and 
peat fuel. and its forests, \1·hich \Yill gradually grm1· ag·ain. 
Th rough its !\ urt llC'ast ExplTi111c11t Farm at Grand ffapicls. the 
c.xperirnent station ;sin t1Jllch 1\"ith the development of the farming 
interests in this whole region, and it is believed will be able to 
extend valualilc assistance in disposing of the unsolved prob
lems that confront the new settlers who are endeavoring to make 
homes where t<."n years ago it was not believed that farming 
could be successfully carried on, and in helping to inaugurate a 
system of practical forest management. 

From the fact that peculiar conditions exist in the weste1~n 
tier of counties in ~outl11H'Stern :\[i1mesota, it wa~ tlinl1ght ad-
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visable by the Regents oi the State Unin~rsi\\· to i11stit11k ;1 
series of cxpcrirne1its in that region, \Yhich is more ~tili.iL·cl 11, 
drouths than the central and eastern portiuns <1[ tlw slalt·. It 
was helicvecl that, \\·bile the important prohkrn <if h11\\. tu lllL'L': 

drouths could hest he studied where drouth periods arc Jll<Jsl 
common ancl longest continued, the results of the cxpcrimt·ntc· 
would he of immense yalue to the rest of the stale \\·hen· dro11th
are less frequent and of shorter duration. Fortunatdy the lwme 
stead of Supt. 0. C. Gregg, of the :.Iinnesota Farmns' Jnstit11t, 
corps, lies in Lyon county on the eln·atcd ridg·t· kml\Yn a> 
Coteau Bills, a location especially favorable im rnrnl11cting th, 
contemplated experiments. .Mr. c;regg. \\'I]\) \\·as nat 11ralh 
deeply interested in the proposed i1westi,g·at i1111s 1 m account o i 
his institute work, generously offered the l\oard nf l\.cgrnts th, 
use of whatever land was needed for the experiments and tJi, 
necessary tools and machineTy, free of cost. lca\·ing the stale t•' 
provide only the labor necessary lo conduct the cxpnimcnls t 
a conclusion. From the beginning :\Ir. Crcg·1-c; has g·in·n the 
Regents hearty and intelligent co-operation. \V ork \\'as hcg1111 
in 1894: under l\fr. T . .!\. Hovcrstad, \\·hn remained until ;q1 

pointed Superintendent of the Northwest l·~xpcrimcnt Fam: 
at Crookston. During this period land \\'as prepare< I for \Ylil';1 i 
and other crops with a vinY of finding the rnl'liwcls hest aclaptl'<i 
to tillage to conserve soil moisture so as t1i SL'cure the largt·c: 
possible crop yields. This \\'nrk \\·as laid 011t liy l'r11f. \\· . .\I 
Hays, of the Expcriml'llt Station, and \\·a . .; c1111tinUt'<l ],, 

him, assisted hy J\J r. \V. C. Smith until the latter \\'as 1 iff"n" l 
a responsible place with the Department nf :\grirnltmc in \\.asl: 
ington,--a promotion canwd hy the excellent 1\ mk done hy Ii i1: 1 
on Coteau Farm. ::\Ir. \\·. C. l'alrner sun-ceded :.Jr. ~rnith anil 
is now superintending the Coteau Farm \\·ork. The res11lis 1i[ th!, 
\\·ork as g·iven in this hulkt1n have settled many irnpnrtant qm·, 
lions and arc of immense intnest and vahll'. Tilt·\· c1inT ;i,· 

·niratc mcasuren.icnt of. the soil moisture uniln <Ii ffnl'11l c1 i11il i 
tions and mcthocls of cultivation, as \\'Cll as diffl'rl'nt stag't"' 1 .1· 
cultivation ancl gro\\'lh, confirming or mTrthr1>\1 i11g· tl1L·1irics ],, 
accurate information along· the lines of tilbgv. field 111a11a.L'.1 
mcnt, and actual crop prnducti1rn. In thl' 111:1in tlll' 111l'lh1"J. 
us1·d in C:trryi11L'.· ll\il th1·"" l"'\>tTi11w111.; 11:111· '"1·11r1·,\ i111·1·,·:1·1 i 
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yields, a11rl the results dearly show the Jines along which the 
farmer may confidently work. Where experiments have not 
produced favoraLlc results they are equally valuable. It is as 
impCJrtant to show ,,·hat methods should he avoided as t~ point 
out those which lead to success. 

The experiments in soil moisture entered what was then 
practically a new fie!~!. Fortunately uniform plots of land were 
oLtainahle on Coteau Farm, and investigations in soil tillage 
have been carried on in plots of one-twentieth of an acre or 
more, and in all cases in duplicate or triplicate series to insm e 
accuracy. The actual yield of the crops as well as the condi
tions of moisture and temperature of both soil and air, the 
soluble plant food in the soil, the rainfalls and other weather 
conditions, have been carefully recorded for three years. These 
experiments were made with the utmost care, and covered not 
01~ly the effect of methods of tillage on the moisture supply for 
the growing crops, but the influence of certain crops and tillage 
on the reserve supply of moisture for succeeding crops, the re
btion of bacteria and other forms of animal and plant life to 
soil moisture and systems of tillage, the effect of manuring and 
cropping on the supply of soil moisture, and the effect of rota
tion and special crops on future productiveness. By the prac
tiGtl application of the information gained by these experiments, 
prngress l1as been made in growing tame grasses and forage. 
the relative value of fudcler corn as a midsummer food as com
pared \vith other crops has been demonstrated, clovers have 
been made to grow abundantly,-not only on old land, but on 
newly broken prairie,-ancl timothy has been successfully grown 
for both hay and pasture. \Vhat bas been clone on Coteau Farm 
can be economically and profitably clone on other farms in that 
region by the same methods. The new brome grass ( Bromus 
inermis) has proved a marked success, and is confidently recom
mended for meadows and pastures in that region,-probably the 
most unfavorable for tame grasses in Minnesota. 

N~xt in importance to what bas been accomplished in field 
crops is clear proof that forest and fruit trees which are not 
hardy when unprotected on the open prairie thrive wonderfully 
when sheltered liy belts of entirely hardy trees, which are easily 
and quickly grown. Such a timber belt protection can be grown 
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on any pra1ne farm. even in the southwestern Coteaus, in five 
years, and in anotlwr five years there may lie grown inside of 
the belt all the fruits that arc hardy in other portions of Min
nesota. The essential features of the method arc (I) a shelter 
belt of cottonwoods and willows around the plantation, ( 2) a 
dense planting of a mixture of quick growing trees like poplars 
ancl willows with slower growing varieties, like ash and elm, 
(3) making the grove of ample width to give real shelter, and 
(4) cultivating so thoroughly for several years that the sur
face soil will always be a mellow dust blanket ancl the weeds 
will not take up the moisture the trees need when young. It is 
unfortunate that every farmer who lives on the prairies of 
Southwestern i\'linnesota cannot see this handsome grove on 
Coteau Farm, ancl from it gather courage to plant and grow such 
a shelter belt about his own home place. 

These are some of the important results already reached 
through experiments descrihed in detail in this bulletin. Other 
interesting experiments are in progress along similar lines, from 
which equally important and practical results are expected. 

The report which follows covers only the results of the ex
perimental work of i894 to 1898 inclusive. 

WILLIAM M. LIGGETT, 
Director. 



EXPERIMENTS AT COTEAU FARM. 

W. l\I. HAYS AND Wl\l. G. Sl\lITH. 

In i894 the State Experiment Station ii1auguratcd several 
lines of experiments on Coteau Farm, Supt. Gregg's homestead. 
Coteau Farm lies four miles west from the village of Lynd, 
Lyon county, on the Great Northern n.ailway. The name comes 
from the Coteau hills, a broad, undulating rnorainic ridg·e nm
ning to the north \\'est\vard and rising 300 to 400 feet above the 
sur·rounding but more level prairie country of Southwestern 
Minnesota. 

The soils of this part of Minnesota range from clay loam 
to loam and sandy loam. They are rich in plant food, absorb -the 
water of rainfall readily, and endure seasons of clrouth remark
ably well. They make very good use of stable manures or 
green manures and furnish a congenial home for suil bacteria. 
The one particular in \vhich this portion of the state differs from 
other portions is in the frequency and the greater ::;everi·ty of 
drouth periods, and this experiment \\·ork \\·as undertaken lar;~·ely 

to study how to overcome the effects of drouth and to secure 
grLatcr crop yields \\'here rainfall is irregular. 

I.!\IPORTANT QUESTIONS TO l\E SOLVl~D. 

Among the important questions deemed worthy ,,f stwh-. 
the follm\·ing \\·ere especially considered: 

( 1) How to handle the furrm\· slice so as to store up 
and conserve the largest proportion of the frequently scant 
rainfall for the use of gro\1·ing crops. 

(2) To learn the amount of moistm:e each cr11p leaves 
in the soil for the succeeding crop, as a guide for arranging 
the order of the succession of crops in ·rotations. 

( 3) To learn the value of clovers, grasses and other 
forage crops for stock food, and for preparing the soil for suc
ceeding crops. 
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(4) To disconT the best means of increasing the sup
ply of plant food and humus in the soil, whether by crops fee] 
to domestic animals in barns or on lXtstures, by green manure 
crops, by leguminous crops, or by other means. 

( 5) To aid in the general experiments on how best to 
plan the farm and rotate and manage the crops. . 

( 6 ) To learn the best methods. of growing forest belts 
and their effect on field, garden and fruit crops growing under 
their protection. 

In many ways Coteau Farm is especially adapted to the ex
periments undertaken in this, our clrouthiest region. It is far 
to the snutlrn·est, and is elevated; the soil is only medium rich 
in .Plant food and humus, nearly resembling the t:ypical soils in 
other prairie portions of the state as they will be when longer 
worn; it lakes in moisture rather freely and gives it out slowly 
during a clrouth. The soil of Coteau Farm is made up of 
the following mechanically s~parable constituents in the re
spec·tiYe proportions shown in table CXXXIV. : 

TABLE CXXXIV.-Mechanical Analysis of Average Upland Soil
Coteau Farm. 

2-1 mm diameter of soil practices( coarse sand) 4.0 ~·11 
1-.5 " " " " (sand) .8 
.5-.25" " " '' (fine sand) 3.0 " 

.25-.1 '' " " " (veryfines'nd)13.9 " 
1-.05" " " " ( " ) 7.7 " 

.05-.005 " " " (silt) 34.9 " 
.005-.0001 " " (clay) 22.5 
Organic matter, \Vater, loss hy ignition, 13.2 

100.0 " 
This soil is only fairly dense or cloiic grained, but is quite 

hard, is easily cultivated, and docs not seriously bake if plowed 
when wet. 

vVhile Coteau Farm is somewhat isolated, the experiment 
work in progress there attracts numerous visitors. The fine 
young forest plantation protecting Supt. Gregg's buildings, stock, 
orchards and gardens has already served to demonstrate the 
value of a grove as a protection to garden and fruit plantations, 
as well as a shelter to the home, the barns and live stock. 
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FIELD MANAGEMENT. 

As a part of experiments in field management centered at 
University Farm, the Experiment Station began studies at 
Coteau Farm in 1894, the special object being to learn how to 
increase the average yields of crops on the rich soils in South
western Minnesota which are sometimes subject to prolonged 
drouths. These experiments have been valuable in direct 
results, in paving the way to experiments in the rotation of 
crops and in methods of field cultivation at the several experi
ment farms. 

The work first undertaken at Coteau Farm deals largely 
with conserving moisture in the soil. 

In order that the discussions and diagrams of experiment 
work may be more clearly understood, a brief discussion of the 
movements and uses of water in the soil are here g·iven. 

SOIL WATER A.ND THE PLANT. 

The plant gets its food supply through the \\'ater in the 
plant, which it drinks in nr absorbs from the soil through the 
membranous surfaces of the roots with their root hairs, which 
latter greatly increase the surface connection of the plant with 
the water of the soil. Large quantities of water thus taken in by 
the plants are "breathed out" into the air through its leaves. The 
quaEtity of \\'ater tlrns taken in and given out by the plant is 
enormous,-fielcl crops consuming t\\·o hundred to five hundred 
pounds of 'Nater for each pound of dry matter they acid to their 
own weight in growing-. 

The roots of our field crops are much longer, much more 
numerous, spread farther and penetrate into the soil to greater 
depths than most people realize. On the fairly open, easily pene
trable soils of this region, ,,·here the upper portion of the earth is 
often too dry for the plant to feed, crops send their deepest 
roots downward four to six feet and in some cases much deeper. 
The greater number of roots, ho\\'ever, are in the upper eighteen 
inches of earth. The richest portion of the soil, and the part 
in \1·hicl1 the pLmt likt·s l1c·~t 111 lcl·d if s11fficic11t water is present, 
i~ the ]111n·r half 1Jr t1111--thircls ni the furr"11· ~licl:'.. V/itli 
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grcatl'r depth the plant obtains food \\·ith more difficulty. \iVhile 
the deepest routs doutble~s secure some food, their chief function 
is to bring \\'alcr from deep in the earth when the supply near 
the surface is short. These long-, deeply penetrating roots have 
fc\v branches near the tip, while the branches are very numerous 
near the surface, vvhere the roots spread out so as to reach the 
more concentrated plant food from e\'ery nook and corner of 
the fnrrow slice and the uppermost layer of subsoil. 

Fig.-250. At 6 arc sho,vn ihe stem routs ot a corn plant nearly readv to 
ta"sel out. These roots all have tbcir origin in the base of the stem, and each-one 
h:ts many branches as shown at x. T'he dotted lines. mark off square feet. The 
largest roots penetrated nearly four feet Uo\vn ward \Vhi1e the spread horizontally 
i11cludi11g the branches, not shown in 6, was over six feet. This dra\ving -waS 
n1ade from a plant nearly every stem root of "·hich was dug out by means of a 
small \vooclen trowel. the length, depth and '1ircction of the root being accurately 
recorded on the Ura wing. 

In Fig. 2_i:;o is shmYn the root svstem of a corn plant ready tn 

l:t."<·1. TliC" l1r~11H·li ri" 1(~ an· 11"t r<·pn·,,·rr!t'd. Tlwy are so 
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m!'merous that it is impossible to show all of them in the diagram. 
The roots sho\\'11 arc the mere framc\vork of roots. their hra11chcs 
and sub-branches being· ycry much more numerous, as ,.;lHJ\\·11 at 
x, where the branches of one of the roots arising· from the stem 
arc shown. Only the outer, recently developed ends arc acti\'c 
in absorbing water and receiving· soluble plant food, the uldcr 
surfaces being covered with a tough layer of bark-like cells. 

Fig-. 251-Shows the outer end of a growing root, not of corn hut of another 
plant (Pisetum), prepared by Dr. Otto Lugger for a previous bulletin. The fresh 
surface cells at the outer end of the point have not yet sent out root hairs. Tho:.:;e 
hairs nearest the tip arc :yet Rhort, \vhile those further hack arc more fully devel
oped, and still further up on the root the hairs are found to have passed theirstagc 
of activity and are shriveled. The actiYe feeding zone oftnc sten1 rciots and of all 
branch roots are the outer ends, ·where the surface celJs and their projections. the 
root hairs, are thin ·walled and actively at ,vork absorbing 'vater and plant food 
from the soil. Here is shown the 'vontlcrfnlly intimate contact the plant has 'vit11 
the minute particles of the soil. 

In like manner Fig·. 252 shows the general spread of the roe J·ts 
of a wheat plant. 

The roots of other cereal grains are riuite similar to thosr 
of wheat, and the roots of our tame grasses penetrate tu similar 
depths. The clovers go a little deeper, \Yhilc some perennial 
field crops, like alfalfa, extend much deeper. But in all cases 
the plants get most of their food in the upper layer.' of soil. 
Since the fo1-ro\V slice and the part of the subsoil just below it 
arc the portions of the soil \rhich supply the must rn11gcnial 



FIELD :\IANAGEJ\'IENT. 

and 1IH' ricl1csl pasturage to the roots of crops, the aim of the 
farmer sliuuld lie to keep them supplied with the proper amount 
()f moisture and to prnvicle that 111rcha11ical cunditiun ll'hich hcst 
promotes the gru\\'th and yield of the crops. 
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Fig. 252. Crown and stem roots of a mature ·wheat plant, from one seerl. 

There are about 100 stem roots, each of which had for some distance on an aver~ 
age about eight branch roots to the inch, making a wonderful mat of roots in the 
soil. This plant stood alone and developed over a dozen cutms. Nutnerous roots 
penetrated to the depth of four feet and the spread of the roots had a diameter of 
more than three feet. 
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FACTS ABOuT SOIL ~IOISTURE. 

Since soil moisture conditions han: seemed ha;·d to con
trol in ::Vlinnesota, the work to elate has been directed more 
especially toward learning ho\\. to conduct moisture into the 
lower soil and conserve it there for the roots of the crops. · That 
the relation of water and air to soil, to plant food, and to the 
roots of plants may be better understood, the following explana
tion is here presented. As an example, place a pot 
containing, say, one hundred pounds of water-free soil ma
terial in a hot oven until all the moisture has been dried 
out .of it. See Fig. 253. The heat which was kept at the 

Fig. 253-Pot of 100 pounds of soil from which all water has been forced uu t 
by bali.ipg. 

boiling point for water changed all the soil moisture into vapor 
and drove it off into the air. Now place this pot of soil in a 
room-between open \Yindows where the air can freely pass over 
it, but-where no rainfall can strike it. Upon weighing the pot 
of soil some days later, we find that it weighs a few pounds 
more,than '\vhen it was removed from the oven. See Fig. 254. 

Fig. 254.-Pot of baked soil after standinl;' several days i'? the. a>r, when it 
weighs several pounds more fro111 lhc absvrptton of hygroscopic 1no1~t.11rc. 
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This 111cn·a~l' is dtlc tll \\·akr the soil has absorbed from the air, 
just as 1111icl lime or salt \\·ill al>surb some of the \\'atcr which 
L'xish as Yapur in air. lf \\·c no\\0 close the room up tight and 
place scnTal large kettles of wakr 011 a stove and cause them. 
t<J )Joi] vigurously the 1\'alcr 11·ill ''boil away'' and become in-
1·isililc vaj1nr in the air of the room. The soil in the pot will 
again increase in weight, as it absorbs more \\·ater from 
this very moist air than from the relatively dry air which had 
cu111e thro11gh the windows. \Ve \\·ill assume that the one hun
dred imllnds of clrv soil has absorbed three pou1Hls of water 

• 0 

' ' hL·11 exposed f, 1r some days lo the outside air, and that it was 
kept in the air made very moist and \Yann by the boiling water 
1111til it had absorbed two pounds mure. Fur convenience 
\\'e \\ill call this the hygroscopic muistnre of the soil. It 
gets this nal!le from its ha1ri11g come from a vaporous con
diti(l11 i11 the air, \\·here its amount could only be measured by 
means uf an instrument called a hy,~Toscope. This hygroscopic 
!ll<Jisturc l'nters into the ver_1· Jilin of the soil particles, rather 
than attaching itself merely tu their surfaces, as does the cap
illar_1· moisture mentioned hereafter. 

So\\· produce a 111iniature storm in the room hy means 0f 
a fri1111tai11 thro\\·ing· a nTy fine spray on the surface of the 
s<1il in the pot. .\s the tiny raindrops strike they are eagerly 
sL·izcd by the small particles of soil. \Vhile the soil could not 
gather and condense more of the vapor of \\·ater from the air 
and a~sociate it 1rith its o\\·n particles, it at once sho\\'s ;a strong 
alt raclion for \\ ater in the liquid form. The \\'ater and the sur-. 
faces of the soil particles seem to desire the closest touch with 
ccich ot lier, an cl as the \\·ater is a mobile fluid it spreads out in 
thin byns over the surfaces of the minute soil particles, enters 
into the pores \\'ithin the particles, and fills the capillary spaces 
anmng· thl'm. J f one particle has a thicker layer of water on 
its snriacc than its neighbors, the water is soon equalized O\Tr 
all. If in tran·ling· from particle to particle the film of water 
finds a capillary pure ur interstice, it fills it. 

:\s the rain proceeds the particles at the top of the soil bc
rnrnc surcharg,·cl \\'ith \\'ater. Sec Fig. 255. The \\·ater attract
ing [10\rer of the smfaces of the soil particles is satisfied, and 
thev readily al111w tlw bvcr nf particle'~ next lwncath tu ll1'h11· 
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away the surplus. Jn this way a ycry gentle rain 1~ takt·n li"lrl 
of by the soil particles ancl slowly mo\TU dmYn11·ard ]iy \Yhat i~ 
termed the capillary force. Th~ soil thus takl·s t lie. 111oi~t tir<' 

clcwnwanl in much the same manner as a sponge phn·rl "it Ii ib 
lower portion in a small amount of water in a 5allctT 11·ill srHln 
absorb the water into its own body. \\Then the soil is filled nr 

Fig. 255.-Pot of air dry soil aftc:r a Yery fine rain ha~ hccn falling nn it for 
so1ne time. The capillary power of the soil has been sntisfied IH:arly hnlt wny 
down through the mass. 

saturated to its full capacity with capillary 1\"atcr, with its 
added water it weighs, say, 145 pounds. Jn Fig. 2j6 the 
soil is shown saturated in the upper half, and in the lmn:r lia1f 

· . .ground water 1s standing, completely filfo1g the interstices. 
''· Plants could not thrive m a soil as dry as that rep

resented m Figs. 2j3 ancl 2j4, \\"here only hygroscopic 
water was present, but crops \Yhich thrive in our arable 
lands ba\·c. through the centuries of their cleYclop111L'11t, l>cconll' 
accustomed to soils with their capillary forces rmly Earth· satis
fied. Soil with its capillary forces folly sat i:-S1ccl mnilrl he so 
wet that corn and most other crops \1·rrnlrl not tliriYc su well as 
if it contained only t\Yenty to thirty pounds of \Yater tn the hn11-
drecl pounds of dry soil substance. The solution of plant fnod 
would be too dilute; "the plant soup \\"mild lie tun tlii11." 

If the rainfall is continued, the soil havi11g 11<1 111<1n' 1111sat
isfiecl po\\'er the ,,·atcr \\·ill pass to thl' hottorn 11£ till' pr•t. "lll'_l'

ing the law of gTavitation, and gradually rise a1111111g· the par
ticles of soil in the hotiom of the pot until the gro1111d (Ir seepage 
water has filled all the opening:s in the soil, forcing thl' air <1111 
from among the soil particles. This water in cntcring Lhc s11il 
follows a \"l'l"tical direction 1111til it reachC's tlw s11rhce of the 
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ground water, \\-hich is seeping· sidewise and running out of the 
spout, illustrating the action of a tile drain; the water percolating 
downward to the surface of the ground water, then seeping side
wise and running into drains through openings between the 
ends of the tiles which do not fit very closely together. In most 
of our·. prairie soils this seepage water sinks far downward till 
an impervious layer is reached where it forms the ground water 
shown by the level of water in wells. v\Tith the continuance of 
the rainfall if the spouts, A and B, be closed, the ground water 
will rise, completely filling the interspaces within the soil, as 
in Figs. 256 and 257. More rain will cause the water to stand 

Fig. 256.-Pot of soil alter rain has fallen on it until the capillary powers of 
all surfaces and interstices are sati•fied, and the rainfall continuing ground water 
has filled th" interstices between the particles of soil, displacing all the soil air in 
the lower half of the mass. 

Fig. 2G7.-Pot of soil after rain has fallen on it until the soil is foll of water, 
the rain conlinuing surface water ha"' accumulated, filling the open space in the 
top of the pot and running offo,:er the rim. 

above the soil as surface water. If the spouts, A and B, be 
now opened, the surface water and the ground water will 
gradually drain out to the level of tlie drain. Figs. 258 and 
259. The soil will still Le yery moist, but the drying action 
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Fig. 258.-Pot of saturated soil after the drain at A has been opened and the 
gr?und water has been allowed to run out from all but the lower oue-tourth of the 
SOii. 

Fig. 259.-Pot of soil after drain, B, also has been opened and the remainder 
of the ground water drained out. 

of the air will soon rernon some nf this excess by evaporating 
moisture from the surface particles. These in turn will 1.Je given 
some of the capillary moisture from the particles next belo\\·. 
Thus there w<ill be a rise, an up\rard flow of moisture similar 
to the upward movement of nil in a lamp wick. If the ground 
water is snfficientl_v near the surface it will be a source of moisture, 
keeping the soil and snbsoil partially saturated with capillary 
\Vater and thus providing the crops with a· constant supply of 
water. Thus in Fig. 258 the \\·ater in the bottom of the pot, 
not drained out because the drain at B remains closed, will be 
a permanent source of moisture to renew that taken up l>y 
evaporation from the surface of the soil into the air above. nr 
that absorbed by plant roots growing throughout the upper por
tion of the soil. If this evaporation proceeds for a long t imc 
the soil becomes very dry. The air not only takes the moistme 
from the surface of the soil, but also the soil air in the interstices 
of the soil absorbs the films of capillary moisture from the sur
face of the soil particles. This watery vapor in the snil air 
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diffuses out\\'arcl into the atmosphere above, aided somewhat 
by the slight circulation of atmosphere into and out of the 
soi I. 

"----------

Fig. 260.-Pot of soil from which the capillary moisture has been dried out by 
exposing it for some weeks to the air, followed by several days of baking in an 
oven sufficiently hot to turn all moisture to stea111 and thus driving it out leave 
the soil dry of water, "\Yater ii·ee," "dry substance," as when Pot I, Fig. 253, of 
baked soil was first placed in the air. 

The soil filled \Yi·th capillary water, as in Fig. 259, is grad
ually dried out again by the air so tlrnt only hygroscopic moistnre 
remains. And if the pot is again placed in an oven which is 
kept at the boiling point of water the soil will be again reduced 
to the water-free state. Fig. 260. 

Fig. 261 illustrates the fact that the capillary force carries 
water in any direction in the soil. A funnel tube carries the 
water to the center of the mass of earth very slowly. The 
particles immediately surrolincling the point of the tube are sat-

Fig. 261.-Pot of air dry soil, containing only h~ygroscopic \Yater. Through 
the funnel tube \Yater is slo\\·iy run into the center of the rna::ss of soil. This \Yat~r 
is carried a 'vay from the point of the tnlJ~ in all clircction.s by the force of cap
illarity. Gravity causes a !"light tcrHlcney tor 1nore to go do,vn\vard than in other 
directiont"i. Rut capillarity bdn~ much the more powerful acting force under these 
conditions causes the \Yater to go up,vnrd and side\visc as \Veil as dO\Vn\vard. 

urated with the water. This "·ater clings to the surface of the 
particles and spreads out in thin films. The attraction of the 
water for the neighboring· particles causes these films to stream 
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uUh\·ard 1cJ\\'anls tlic drier particles 11 line tlie capillary forcl',; 
are less satisfied. Thus the 1111iist11n· twi\'cs Ull\\'ard and sidl'
wise nearly as rapidly as clcl\\ 1111·anl, i11 11 hich dircctiun gra\'ita
tion helps to llill\"C tlic 11atcr 11 liik rl'lardi11g the !low over sur
faces in othn dirccti1i11s. 

Our soils, in,;kad ui ha\'i11g· this underground supply of 
water slured up t() he gin·n (Jllt gTadually as used by the roots 
of crops or c\'aporatcd irom thL'. surface of the snil, are as a 
rule not very moist al a depth of sc\'cral or many feet. The 
rain which falls upon the soil in part nms off over the sur
face, especially if it be hard or slanting, or both. That which is 
dra\\'11 in by the capillary force or sinks in hy gravitation is 
taken up and heir! as capillary \\'ater. c\ light rain is Girricd 
downward to a slig·ht depth only, while a heavier rain \\'.ill go 
deeper. Several inches of rain falling at once or al close 
inter".als is necessary to pcnctr;ite to the depth of several feel, 
partially satisfying the capillary force of the soil. 

In case sufficient rain falls to penetrate to only a few 
inches the moist smface soil soon begins to give up its 
moisture in t1Yo directions. The moister particles give up their 
water to the drier soil beneath as 11·as described above, and as 
soon as tbe sun warms and dries the ;iir at the surface, moi•sture 
is evaporated and there is a movement of 11·ater toward the sur
face in the moist zone or layer of soil. These movements con
tinue for a time. hut soon the zone of moist soil will have given 
up sufficient 1rnter so that it is no more moist than the subsoil 
below, and the downward movement will cease. But since the 
sun and wind are in almost daily action in summer in evapor
ating water from the surface of the soil, there is a movement 
of capillary moisture upward nearly all the time. Part of this 
moving mass of water is i11tercepted in its upward flow by plants 
which take it into their roots, pass it to the leaves and soon give 

it back to the atmosphere. 



NOR\IAL AMOUNTS OF SOIL WATER. 

\Vi\L G. S'.IIITH. 

A study was begun lo determine the amount of water which 
is best for plants. This varies in different soils. An upland soil 
\\'as chosen, also a lmvlancl soil partially made up of peat. Five 
pails were filled with each. Table CXXXlV. on page 563 gives 
the mechanical analysis of the upland soil. Instead of I3JJ2 per 
cent. of org·anic matter in the upland soil, the lowland soil con
tained 28.6 per cent. 

Fig. 2G2.-Two pails of upland soil bearing the 1Jcst flax plants and two pail~ 
of lowland soil bearing the best flax plants. 
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Duri11g the gT011·th of the pla11ls, the moisture in the cliffer
e11l pails \\·as maintained at different points. In upland soil 
the following percentages were maintained in the respective 
pails: 1st, IO; 2d, 20; 3d, 30; 4th, 40; 5th, 50. In the 
lowlancl soil the percentages of 1yater to dry matter of soil ran 
as follows: 1st, 20; 2cl, 40; 3d, 60: 4th, So; 5th, 100. These 
percentages \Vere maintained during the growth of the plant by 
frequently adding water through small glass tubes inserted 111 

the soil. 
Flax plants were grown in each pail, and photographs of 

the two pails \Vith upland soil and the two with lowland soil 
having the strongest plants are shown in Fig 262. In case of the 
upland soil 30 per cent. gave more healthful conditions for the 
flax than any of the other percentages. In case of the low
land soil the soil havii1g mo per cent. of water gave the strong
est flax. This is further illustrated in Fig. 263. In each case 
more water or less \1·<l!ter caused stunting, or in extreme cases 
death to the flax plant. 

The experiment sho\YS that a 1Yider range of moisture per
centages for plant growth is possible in a soil highly charged 
with organic matter,, in the case of the upland soil the best plant 
growth apparently taking place at from 25 to 35 per cent. of 
soil moisture, while in the lowland soil the range was fro'n1 70 
to mo per cent. 

Organic matter increases the 11·ater holding capacity of the 
soii and widens the range behYeen clrouth and excessive water 
supply, either of which is injurious to plant life. The fact that 
nrganic matter increases the 1Dter holding capacity of the soil 
is clearly shown by all the soil moisture charts in the tillage 
experiments reported on subsequent pages wherein manure of 
every description has figured. 

There is also another suggestion no less important than the 
preceding, and that is that the 11·ater held by the organic mat
ter from the ?;rasp of the growing crop may be useful to the 
bacterial life that forwards the decomposition ot organic sub
st2.nces in the soil, and as the decomposition continues there may 
be a gradual liberation of moisture as tlw organic substances are 
more and more reduced: and tlii" 11·ater may thus be useful to 
the growing crops. 
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Fig. 2G3.-S<:kcled 
the il,TO\Yi.h ufll'.t::: O!l ll 

r~ulk f<>r 1l11lk, 
~Ls the lowl:rnd L 
Wl!Cil 011 the iiasi::: do1n1 to 40 
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ancl 50 per crnt. The thrifty grd1Yth nf the plant 1Yhich gTt'\\' 
in the loo per cent. of the lu11·1and 5( iil indicates that much 111"n· 

water could han: been added 1Yithout injury t11 the plant: ab11 
that the plant c11ulcl han lin'cl fairly 11Tll 11·ith less than ~11 

per cent. \Yater. The results of this experiment arc in ]>t'rft't't 
accord 1Yith the field tests figured in the soil moisture charh 
previously rnentinnc<l. ;\Jong these lines of soil moisture and 
soil fertility and the relations o[ the two much work should 
he done in the field ancl laboratory that we may have a scicntillc 
liasis on 1d1ich to IJUild a system of crop rotations. 

\Vith the 11ia11m:r uf handling the soil worked out with al
most mathematical definiteness, application may he general and 
our field management reduced ,to a business basis. GiYing the 
rernlts in a sentence we have the follo·wing: 

Organic matter associated closely with the soil increases its 
water holding capacity, and 1Yith more organic matter the range 
of the percentage of rnoistnre congenial to the pfant is widened; 
in other 1vorcls, plant life 1Yill endure without injury more drouth 
and more cxccssiye rainfall 11·hcn a supply of organic matter 
is closely at>sociated ·with the soil. 

.· 

·.' 



The tiliage at ll1 

were Bulletin Nu. 4() 

1895, pp. These soil culture 
rnainly with methods of the furrow slice have novv been 
continued three years longer. The main features of the 
ments ancl the objects have been much the same, but 
the methods of the work have been Each year 
about 40 plots have been used in these 

Fig. ~6."1.-·-Utncral \'iew of TilLtge PJul:-)) Cutcau FanJJ, 1 Bn;:--;. 

Plan of the 
the plots in one 

268 is shown a view of 

cross-

eral arrangement having been 
The series are eight rocls 
wise are 2ox 132 feet in area. In each series there are 
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on which arc grown crops 0£ pasture, ancl 
green manure, and other smaller used for 

wliich lie in , one left bare ancl 
cultivated 
of straw is 

an cl 
The soil chosen was 

duplica1e results make averages which arc \·cry 

soil 

The purpose of the \\as to learn how best 
to secure of wheat an cl other crops, an cl (I) how 
to so manag·e the furrow -slice as to get the 
quantity of moisture into the soil (2) and to conserve it there 
for the use of the crop. Various methods of harrnw--
ing, su1Js11rface and bare fallow ancl 
the relations of ancl green ancl stable manures 
to the soil as to the of crops, were 

was used 1vhich had borne wheat 

IS 

in two classes: (I) 
an cl ( 2) soil moisture cu11tents of the 
averages of the (If and straw arc all collected in 
Table CXXXl/TIT., ancl arc shown on many of the suil 
moisture f.-XXVJJI. The moisture are ex-

more 
method shows 
treatments for each 

means of curves in the charts. The chart 
the relative effects of the 

and month of the season. 

METHOD OF lZECOIWI ;\(; THE RESULTS. 

The wheat was kirvestecl with a self-binder, tlircslied with 
, which \1-as cleaned between and the 

of the air-dried litkcn. The soil 

rnoistnre observations alone some 4/)00 tests for the 

two years here of .j.O electrodes were 

rnacle one man in two hours each with the new 

electrical device invented ancl Dr. JVIilton 

Chief of the Soils of the National 

been 

method ten men would have 
and the rl'sults would not have 

so acc\lratc, as with this device. 
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Tl1c· ric rndlic'd rn·n,,;,il:!tcs di-;lllr1 Lhc S(1il al each 
c1C'lc11riina1i"11 l l tlw •:wi-;1nrv. \\·11ilc \1·it11 the t'lcc·trical mclh<Jd 

lll i l. 

Tl:i:·: 11w;11 11iat the· lll<Ji<urc n: litiu11 "1 tlic same j11lriicJ11 of 
iii 111:11· ii,: 1iclt'n11i1wil r"111 tu £1,r the: u1lin1 scasun 

11i1Ji,,111 dist11rhn~', tile ::nil al aJL Tlw m,iic;t11rc ddcrmiuatiuns 
arc rn;1dc 11 ith th ,i] part ic1cs al\1 :1y; in the sa111c J ad

jn,.;11J1c11L alirnit the clc·drurk. The c1uurcc-; f lTrnr ansi11g· innll 
ing :ti!(] 11a11 srn:dl ;u11,nrnh o :·111il 11c:cssiL1tcd b_1· 

the gravirnclric rnl'lh"'-1 arc clirninakd l:y ll1c clcclril·al method. 
The principlc· u11 11 liich the l'lcclric:tl mcthcJd r,·.;Ls ;, that a \\'Ct 

SDil umd:1ch a \'lllT>.'11l of c]c,:1ri,:i!1· l1cttc'r tha11 a drier suil. 
Tli is i.s rcadi]\ ll1ci.Sll \\'Jiu ];J!iJ\\' the: llet:d uf ha\'· 

\11 illslr11111v11L k11u1n1 

as a ·'suil rilcu:11at.'' a modilicalicJll l!l rlicu.s1:1ts lu!!g used in 
pli 1:tl1u1·at11rics [cir nw;1suri11g; l'ln:1rical c·111-rc11h, \1·as 11scd 
tu ll1Gts11rc the varia1ic111 ,,f tl1c clcl'lr·i\·;tl ui11cluc:ti due to the 
Yaria!iu11 ,,f tiic a111:i1111t ol >\':tkr in llic iii. 



In Fig-. '.2Ci9 is ~l10w11 the ,;oil rhL«>stat i11 the. The lL'llljlL'l"
aturc of the ~c·il is also <kkrn1inl'd 11 ith th;s 111;1chi11c. .\ .':-J:t,, 
tube containing a salt soluti,m is pbcl'•l in the soil at a dL·
sirccl depth. The case 1\'ith 11·hid1 a cmrcnt of electricity may 
be passed thrnu~·h this solutic111 Y;tril's 1\'ith t.J1c temperature; the 

warmer the solution the more easily the current is conduckd. 
Hence, by measuring this variation in the conductivity of the 
salt solution, the temperature of the soil in contact \\'ith the 
glass tube is readily and quickly determined. For further in
formation on this valuable deYicc, see Buis. 6-9, incl., of the I )iy
sion of Soils. U. S. Dept. of, Agr. 

TABLE CXXXVIIL-Yield of Wheat In Tillage Plots for 1896, '!l7 and '98. 

Trcatinents 

Spri.ng plow-1 
1ng 7.9 

Sp. plow. am! 
sub sur pk'ing 8.3 
Spr. plow.rot-
ted manure .... 20.4 
Sp. plow 
coarsenutnurc .......... . 
Sp. plow 
coarsemanure 
and sub sur-
face packed ... 14.'1 
Fall plowing 10.:1 
Fall pl.and S. 

Sipack ..... 10.5 
Fall p!. broad 

cast ........ 8.7 
Fall pl.rotted 

manure ... 1.::!.G6 
Fall pl. coarse 

nHtnure ... 16.4-3 
Fall plowing 
Drills 14 in. 

apart...... 9.2 
Fall plowing 

drills 21 in. 
apart......... 7.8 

Fall plowing 8.8 
Fall plowing 
If arrowed 

Grg. grain 8.-t 
Compactsoi1 .. 
Spring plow-
ing 20 lhs li111c: 
added .......... . 
Spr. pl. S. S.' 

pack .......... 1 

1896 

1045 I 1-2.2 I s.o 
' I 

1fi22 ~ 1-.1.0 
1
i ~).1 

'"'f~' :I''' 
! 

1G80 ]1-i.s 14.8 
1270 I 1-'.:?.0 7.8 

I 
1114 1-8,0 6.8 

1222 1-2.R 3,8 

1457 1-Ul 10.3 

21:!3 I 1-2.2 10.8 
I 

1fi07 1-2.7 4.6 

1242 1-2.8 4 .. 1 
12H:2 1-2.4 8.0 

1:.!1 [I 
I 

1-2,4 . " 
······ .... 

Spr. plo"' .subj 
soiled subsur-1 

·face packed... .. . ........... . 11 ,4.1) 
11.2g Spr. plowed ... 

Spr. plowed 
and Su!Jsoikn 11.<IO 

1897 

~ 
oj ... 

..... 
(£ 

1586 

172.'-; 

2805 

........... 

~.)41 

1687 

1535 

14G~ 

2063 

2645 

1715 

1109 
1765 

1810 

2f)ll3 
2307 

I 1898 
1~-·· --------------..... .~ 

I c :..-

~~ ~ ... "~ I d ~ O,tl oj 

~e:t 

i ~ 2 0:::: ...... e += fFJ ..... :... i:i r. 
0. 0 0 (£ 0. 0 0 -_µµ ·.,µ ...... 

1-3.0 I 26.~ 3160 1-:!.0 

1-8.0 26.:l 30<1ll 1-2.U 

1-2.9 ........... ........... 

··········· 26,4 3000 1-1.8 

1-2.9 2!5.5 3080 1-~.o 
1-3.:1 24..6 3300 1-2.2 

1-3.7 25.6 32tl0 1-2.0 

1:__6 () 

1-3.3 24.6 3000 1-2.2 

1-4.3 26.4 3000 1-1,8 

1-6.3 ........... ........... ....... 

~=~:i ::::::::::: :::::·:·:::[ 

l-:~. 9 1 .. ~·~·-,·;·· '"ii"~.i.ci I 1-:~.:1 
.. ..... , I 

' ' 

1-3.2 

1-3.6 

1
1--~.:i 

1-.l.8 
-----
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Yields of Wheat Under Several Treatnzents.-In Table 
C XXX VIII. are collected, for convenience, the yields of wheat of 
the various plots planted to this cereal for each of the years 1896, 
1897, and 1898. The figures. for 1896 and 1897 represent the 
average yields of three plots in each case, and for 1898 the figures 
represent the averages of the two plots. In numerous tables these 
yields are used in the comparisons under the various problems. 
These same figures arc also used in many of the charts. Sev
eral summaries are given in Table CXXXVIII., but these also 
are again given in connection with the cliscussion of the various 
problems. 

CROPS USE A LARGE QUANTITY OF WATER. 

Careful experiments in America and in Europe have shown 
that one to two barrels of water ( 200 lbs. to 500 lbs.) are 
needed to produce a pound of the clry matter of many of our 
common field cr~ps. If this amount is not available in the 
soil the crop snffers, and if the supply is irregular there is a 
lessenecl yield. In \V cstern Manitoba every other season the 
land is kept in a bare fallow with the surface repeatedly stirred, 
that the moisture of two years may he utilized in producing a 
crop each alternate year. 

The immens~ amount of water a crop draws up through 
its roots and allows to evaporate is clearly shown by Charts I. 
and II. The solid line moisture curve in each chart repre
sents the moisture present in a plot from which the wheat 
stubble of the previous year was removed and the weeds kept 
from growing, no crop being plantecl and the soil not being dis
turbed for the entire season. The clotted line moisture curve 
represents the moisture present in another plot similarly treated, 
except that wheat was drilled into the hard surface. The ob
ject was to see how much the \\'heat would dry the soil. 

Chart I. represents the moisture and temperature conclitions 
on these two plots, as shown hy electrodes at the depth of 3 to (i 

inches, the lo\ Yer ha 1f of the furrow slice, this Janel having lJeen 
previously plowed. 



CHART I. Wheat Crops Use Much Water from the Surface Soil. 
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NOTE.-Chart 1. shows graphically the large arnount of water a crop of whca t rcn10\·csfro1n the top soil during the L'ropgro wi 11g period. I 11 
:'\fay, the surface soil in the plots planted to ·wheat had several percent. n1ore 1noisture than the plots "·ithout a crop. As soon .a~ the plant!' 
developed a large leaf surface they used n111ch water, reducing the moisture nearly t"·enty per cent.; or down to only ahout ten per c~nt 
when the crop was ripe, July 29th. The crop induced the soil to absorb n1ore of the rainfa11 early in July,just as the foref't cnahles the rain 
to percolate and not rttn off or be quickly eza11orated as in the case of the hare lan<i. The thirteen inches of rain \Yhich frll during the sum-
111er V{llS sufficient to keep the bares oil as moist near the surface in summer as it. ·was in !\lay, ·while that bearing wheat became much drier. ~ 1 
The erop shading th~ land prevented the soil from hecoming so ~Ya rm where \'\·heat was gro·wn as in t11c plot liare nf yegetn tion. 00 

. ~ 



586 CROPS USE A LARGE QUANTITY OF WATER. 

Ch.art II. represents the moisture and temperature conditions 

at the depth of two feet on these sa_me plots. 
The wheat was harvested late in July, and a fair crop (22 

bushels per acre) was secured from the plot planted to wheat. 
B;y inspecting Chart I. it will be observed that, while the occa
sional fall of rain was sufficient to keep the moisture in the bare 
plot up to \vhat it was in June, in the plots b~aring a crop of 
wheat the content nf moisture ran clown as the plants became 
large and leafy. Tt will be olJ;erved also that the content of 
moisture in the furrcm-slice increased again as the crop was 
removed. In Ohart TI. likewise at a depth of two feet it will 
be seen that the deep going roots of the wheat were extract
ing large quantities of water from the soil. 

During the crop gru\\·ing months of June and July when the 
foliage presents the greatest expanse of surface and the roots 
are reaching several feet into the soil for \\·ater, there is a very 
great draft of 1Yatcr rn;rnifest. A conseryative estimate placed 
on the shmving made in Charts I. and II. \Yotild place the aver
age moisture percentage in the. soil bearing a wheat crop fifteen 
per cent. helow that in the soil bearing no crop. Using eighty 
pounds as the average \Yeig·ht of a cubic foot of this soil, \\·e 

NoTE.-Explanatiou uf the soil 1nuistnrc charts. I-XXVIII., inclusive. 
The electrical 1nethod of recording the pt:rccntage of moisture has made it pos

sible to show the nlovements C1f water into, thro11gh and uut ot the soil. Studying 
such data in long columns uftabulat('ci figures \\'Ould he n1ost tcdiousarHl diflicult. 
Since it is the relative Yari~1ti<.Jn in tlte 111oist.ure content of the san1e soil under 
different treatments that we desire to display here, a plain wav of con1paring the 
inoistttre in the respecth·c plots is Ilt:L'deU. \Vi th tile invention of the electrical 
device inaking daily dettT1ninatiuns possilJle catne the need of a ne\V n1ethod or _a 
new language for expressing; tllc data seen red. It was found that son1e grapl11c 
method tnust he resorted to, and the fullowir:g rn oisture charts arc the result. 
The.looie charts express the air temperature a11d the soil te1npcrature, the rainfall 
and the soil tnoisture in a language nut Ihnite<l to English or any other speech, 
once the mechanical constrnction of one chnrt is studied until it is understood. 
The charts are all 111ade 011 the san1e plan and nsuallv sho\\.' only twoco1npa1·isons, 
so as to avoid the confusion that :-;en.'.rnl curve:-; oi1 the .sam·e chart \Yould giYc 
rise to. A few motnents' inspect.ion of any one chart \vill sho\\· that the vertical 
lines of the cross-section paper used n1ark the days of the rnonth, \Yhile the horiz
ontal lines 111ark the plal'l'S for plotting the soil 111oisture and tc111pera.t11re ohser
v~tions. The lower portion of tl1e chart sho\\·s the air ten1pcrature cnrve \vhich is 
an average of the night nncl day tc1npcratnn·s. The rainfall is expressed in figures 
and in short vertical bars sot.hat its 1·elation to a clw.nge in the soil 111oisture 
curve inay be easily noted. Tlie tniddle po1·tion of t.lle charts explains itself on 
inspection. It shows tl1e pcrcenutge of 111oi~Lure in a giYen treatment as clett:r
ntinecl hy the daily reaclings of the .soil elect1·ddes. T11e depth at \vbkh the oh
Sl'rvation \VBS Inn.de is shown at t11e kft liand of tlw ch~irt. The upper portion 
also explains itscJf, sho\Yillg t.he i.cmplT:-tttirt: of the soil at the suu1c point that the 
inoist11re detl·rn1inations \\'ere made. 

The Yaluc of this 1nethncl of expressing soil n1oisture oli~er\·at.ions over the 
t.ahular method will impre:-:s itself 011 any one who inspects one or two of the 
charts, since the conditions as they ai . .-t11al1 \' c:xi~t in the soil and air are here ~raph
ically shown. 'T'he effect of a sma·ll ur 1:1 i·g-l· 1·ai11f:1ll, the dkl't ofpcriocls of dryne:-s, 
ihc cffcet oi ch~1nges in i11e ;tir tc111per:1t11rc:-:. mny he studied in connect.ion \vith the 
variation of soil water :111cl i.t·mpcrat11n.-. The n·latin~ \'<striation of the moisture 
and ten1perature curyc presents definitely Lo t11l' ey<: tllc aci11.al condilio11s. 
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OHART II. Wheat Orops Use Much Water from the Subsoil. 
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NoTE.-Chart II. represents the ~ame plots as Chart I., but here the electrodes were t\vo feet cleep in the subsoil while tht'rc they 
were only 3~6 inches deep, or in the Jowcr half of the turrow-slice. The four inches of rainfall in !\lay penetrated deep, increasing the 
inoisturc four per cent. at two feet deep in the hare plot and five per cent. in the plot on which the young wheat plants were growing. 
As soon as the \Vheat plants were several inches high, with roots one or two feet long, the soil at two feet deep began to becotne drier, 
though the rainfall \Vas 3.6 inches in June and '2.7 inches in July; and as shown by the solid line this moisture penetrated deeply and 
increased the n111onnt of watL·r in the ~uhsoil in the p1ot IJnre of Yegetation. 
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ti88 HOW WEEDS INJURE THE CORN CROP. 

have a redltction of twelve pounds of water per cubic foot of 
soil caused by the crop; or about 523 tons ( r ,045,440 lbs.) rer 
acre of water taken out of the upper two feet of soil by· the 
crop. The total yield of dry matter of g-rain and straw was 
about two tons ( 4,000 lbs.). For each pound of dry m3Jtter pro
duced the wheat drew llp through its roots and gave to the air 
through its leaves 261 pounds of water. The 523 tons of water 
are equal to nearly five inches of rainfall. Prof. King found 
that a two ton crop of oat hay used water equivalent to about 
nine inches of rainfall. 

Five to ten inches of rainfall are used by the crop during 
the crop growing months in the production of fifteen to twenty 
bushels of wheat or its equivalent of other crops. Since more 
than half of the annual rainfall is lost by drainage and by evap
oration from the soil without passing through the plants of the 
crop, fifteen to twenty inches of rainfall are necessary to sup
ply the required amount for good crops, and a large part of this 
is needed during the growing months. During a large part of 
the seasons the rainfall is not sufficient during longer or shorter 
periods of drought and our fields should be so managed as to 
increase the storage capacity of the soil. Crops which make 
but light drafts on the soil water should be used where prac-

. ticable in preparing the soil for the next crop. Heretofore we 
have paid most attention to increasing the storage capacity of 
the soil by so treating the furrow-slice that it would take in the 
water of rainfall, and so that it would not allow the water to 
evaporate from the surface of the soil. Hereafter more at
tention will he giwn tu learning hnw io so rotate the crops that 
those needing a moist soil will succeed crops which leave the 
larger supply to the following crop. 

HOW WEEDS INJURE THE CORN CROP. 

In 1898 corn was planted in drills in. two plots in a similar 
manner, the plots being run in duplicate. On one plot the corn 
was cultivated thoroughly, no weeds being allowed to grow. 
and a loose mulch of earth every two or three inches deep 
was maintained throughout the early part of the summer. The 
other plot received but slight cultivation, the weeds being al-



HOW WEEDS lNJljlrn TUE CORN CkOl'. G8D 

lowed to grow tmiil 21st. when were removed 
!Jy ha11c1 and tlie soil was cultivated. 

'fhe corn grew on the well cultivated while on 
!he it did not thrive. 270 shows the relative 

270.-T'he well culth·atcd and the poorly culli\'£Lted plots ot drilled corn 
21, 1898. 

of the two to the 
from the poorly tended corn, 27 I 
ancc three weeks later. The corn on the 

sho\\'S their appcar
cultivatecl soil 

made reccwcry, and as shown in Table p. 
590, the yield per <icre of corn ancl stover on this lane! was 

more than half of that produced on the well tillccl soil. 
A crop o ( 3,540 of weecls reclucecl the corn crop 

or 5,773 The 
grass, were much more acii ve 

in using water than the corn. This fact is shown in 
Chart ITT., p. 591, where it will be seen the crop reduced 
the moisture from the soil at inches cleep much more 
than die! the corn on the well cultivated This is doubt-
less clue to the fact that the weeds clevelopecl very 
nearly mature when removed on Jnly 2r. It is quite probable 
that these weeds t1se more \\·ater from the surface soil in pro-
ducing a pound matter than does the corn. Further 

are to rnore and 



500 HOW WEEDS INJURE THE CCWN CROP. 

; 

.1.<'ig·. 271. The \vt:11cn1tiYated and t11e poorly eu1tl,·aied plots of vo1·0 on An gust 
:11, twu weeks ~tfter the weeds had l>l'CI.I 1-emO\'ed fron1 the wt:edy plot anc1 cultiva
tion instituted there as well as on ihe uther IJlot. 

show tlie great luss of water and crup occasioned liv 
weeds. Ctiltiva!cd plan ls lhrongh sclccl ion are adapted tu 
produce the possible amount of matter, and 
value from the availahle plant f(Jud and soil moisture. \Veeds 
arc rnungrd which arc very oftc11 more 
barely in for room ancl muislnre in the suil ancl for 
sunlight than are !he uscfnl pla11ls. amount 
of plant food al)(] smilig·Jit lo make a com] small amount 
of dry matter, and that \Y(irllilcss or aclually harmful in quality. 

TABLE CXXXIX.-Poorly Cultivated vs. Well Cultivated Corn. 

Curn--\Vell enlLi\·aied., .... 

Puorls culti\';1 ted ................ . 

Ta1Jle CXXXTX. and Chart 
our farmers shonld heed. J\J ore 
tillage ·will increase the 

f.11 \.< 
\.< c " " 
M ~ ~ 

CJ 0.~ c5 0 

::::: w 

-1·824 C703 

'.J5.!.() 2302 '.JG58 

HJ. present some facls which 
and better rotation and better 

and the quality of our crops. 
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CH.A.RT III. Weeds Among Corn Consume Much Moisture. 
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~OTE.-Chart III. shows that the "·e11 culti\atecl nnc1 \YCedv corn dre\v hcaYilY on the inobture 
content of the soil at 3-6 inchts deep. The poorly cu1ti\-:ttl'l1 soil becallH.' moifo'ter nfil'r the t>nrly July 
rains than did the s.oil in the \\·ell cnlth·ated nren. Hut the weeds n1Hl corn cnmLi td mnde a 1nuch 
greater draft upon the 111uisture at 3 6 inches during the middle uf July thn11 did tile C(JTJl nlo11e on the 
·well tended area. After the remoYal of the ·weech• on July 21st, the soil on the poorly cultivated plot 
became 111oister, showing that the stunted corn "·as not u~ing nearly so n1ueh \Y:ltc·r 3S the hen vier 
crop o1 corn on the \Ye11 cultivated plot. The \Yater-using capacity of the weeds was tnormnus. Su.· 
pages589 G'.:!5. 
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5!:l2 THE SUB-SURFACE PACKER. 

SUBSURFACE PACKING THE SOIL FOR WHEAT IN 
\iVESTERN lVIINNES~T A. 

For several vears the use of a sub-surface packer has been 
. urged for the regions subject to droughts. This device has the 

combined action of a rollei: and a harrow. In appearance it 
is much like the wheel portion of a Havana or Hoosier press 
grain drill. The tires, instead of presenting a flat surface to 
the soil, are V-shapecl, with apex outward. The theory of its 
advocates may he stated as follm\·s: The lmyer half of the fur
row slice needs to he packed and pressed cl.own against the 
subsoil. The common roller compacts the surface only, pul
verizes the surface soil, and gives the \vind a better chance to 
drift the soil. Compacting the lower portion of the furrow 
slice by the sub-surface packer \\·as supposed to restore its capil
lary connection with the moister subsoil, only the upper few 
inches of the furrow slice being nsed for a dust blanket. The 
zone, or layer of moist soil, is thus raised to nearer the surface, 
the moisture coming up to the mulch in fairly dry weather, in
stead of remaining at the top of the subsoil. This enables plants 
to obtain food in the lo\Yer part of the slice, whereas in soil which 
is cpen ancl often dry at the bottom, ancl sometimes disconnected 
from the subsoil moisture by a layer of loose stubble or barn 
litter, the plant must feed deeper clown. Largely increased 
yields from sub-surface packed soil \\·ere confidently claimed, and 
it was determined to test the theory by careful experiment. Table 

. CXXXVJII., p. 583, gives the results of numerous trials of the 
sub-surface packer on plots of wheat alongside of plots not 
sub-surface packed, both in spring-plowed and fa.11-plowecl land; 
also on lane! where coarse manure had· been plowed under. The 
figures for spring and fall plowed land in 1896 and 1897 rep
resent the averages for triplicate plots and those for 1898 for 
duplicate plots. ; 

The results are very uniform. In most cases there is a very 
slight increase in yield on the packed areas. This is well ex
pressed in the grand averages at the foot of the table. 

The sub-surface packer has not produced the decided results 
in raising the line of moisture in the soil in our drouthy climate 
nor in increasing the yields of wheat which had been claimed 



for it. It does slightly increase the capillary activity of the 
lower part of the furrow-slice, as is shown by inspecting the 
moisture curves ill Charts IV., p. 595; V., p. 598; VI., p. 6o2; 

X., p. 597; XV I., p. 599; XVIII., p. 596; XXL, p. 600, and 
XXIII., p. 601. The increased yield is too small to make .the 
purchase and use of the machine profitable under these con
cfoions. The seagons in "vhich \\'e have used this machine have 
been abont average in the amount of rainfall and in its even 
distribution throughout the months when the crops are growing. 
In 1897, nine and seven-tenths inches of rain fell during May, 
June, July and August, and in 18~J8 ten and four-tenths inchl's 
fell during these same months. 

At the ends of the fall-plowed plots bearing wheat crops 
small plots \\'CTC kept lJare of crups am! electrodes were placed 
at 3-6 inches deep, that \\'e might determine definitdy whether 
sub-surface packing causes the lower part of the fttrrnw

slice to be kept more moist when there is no crop to make. 

a draft upon the soil water. By observing the moisture curves 
in Chart X., p. 597, it will be seen that the packer had little or nq 
effect in increasing the moisture in the lower portion of the 
furrow-slice. 

These plots \\ere in duplicate and the results sl10w very un
favorably for the sub-surface packer. Here all influences as 
crop, etc., \\'ere eliminated and yet the suh-snrface packer had 
no influence in making the lower part of thl'. furrow-slice 1110rc 
moist. 

Coarse manure \vas plowed under in the spring of I 898, and 
part of the land was packed and part not packed. The results 
were against the sub-surface packer, though here it was ex
pected to bring the greatest benefit. (See Table CXXX VI IL, 
p. 583, and Chart VI., p. 602.) 

The unpacked plot yielded a bushel per acre more than 

the packed plot. The soil at the depth of 3-6 inches did not 

become so dry in the packed as in the unpacked plot. Dnul>t

less the larger crop on the unpacked land removed more water 

from the soil than was taken from the other by the smaller crop. 

After the crop \\·as harvested, July 29th, the per cent. of moist

ure, as shown by the dotted moist urc curve in Chart VI .. p. 602, 
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mse to eq11al that in the plot which had been packed. The sub-sur
face packer do11btless pressed the furrow-slice down more closely 

_against the subsoil by compacting the soil and by pressing the 
layer of coarse 1m_umre into a thinner, more compact layer 
which would not so effectively c11t off the capillary conneotions 
between the furrow-slice ancl the s11bsoil. This cloutbless aids 
the rotting of ti1e manure to a slight extent. It will be observed 
that late in the season after the crops were removed the moisture 
curve for the 11npackecl plot rises above that for the packed plot. 

-. \. 



CHART IV.-Sub-surface Packing Fall-Plowed Land. Wheat. 
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::\:oTE.-Cha rt IY. shows that LUrly in the season ()f 1898 the p' nts of suh-surfo.Lt.: packed fall-pJo,vn11and had le~s \Yater in the lower 
part of the furr'.)\\•-slice than those not packed, bnt later in the season the unpacked soil hccan1c the drier. In this case there was 
an incrensl.' of nne bushel per acre of wht:a t oyer the un1H1cked soil. See page 593. ;.~ 
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UHART XVIII. Sub-surface Packing Fall-Plowed Land.-Wheat. 
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r' NOTE -In chart XVIII. are shown.the results of the treatment on the yield of the crop of wheat in 1897 and on the percer.tage of 
moisture at 6·9 inches by sub-surface packing the fall-plowed land in 1896. The packed soil yielded a bushel less than that not 
packed. The packed soil did not become "o dry, but this was in part clue to the less demand for water from the smaller crop. The 
temperatures c,fthe soil rc1nained about t.he san1e in the two plots. See page 593. 
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CHART X. Sub-surface Packing Fall-plowed Land-Without Crop. 
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XoTE.-ln Chart X. ~nbsurface packing is con1par .. cl \Vi th no p1ckiug on fa11-plowed land hearing no crop. The soil moisture 
curves cross and recross, but ke;.-p very nearly together. There i~ a like increase of soil 111oisture in the two pairs of plots throughout 
""he entire season. The ten1peraturc cur\es nlso run yery close together. See page 593. 
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CHART V. Sub-surface Pa.eking Spring-plowed La.nd.-Whea.t. 

NoTE.-Churt Y. shows no difference in the :yield on spring-plowed land sub-surface pricked and on 
spring-plO\.Ved land not packed. The soil at 3 6 inches deep was n1oister on the plots ·where the sub
eurfal'e packer was used. The difference amounted to seven:il per cent. for several weeks after the wheat 
\Yas harve~t~d July 29th. The packed soil an:ragl'l1 a little warmer than that not packed. See p.593. 
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CHART XVI.-Sub-surface Packing Spring-plowed Land.-Wheat. 
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NoTE.--In chart XYI. a comparison is :-;hown for 189/of:-:pring-plo\Ycd land ~tth~urface packed wilh spring-plowed land not suh
f-ttrfacc p:1L'kul. The electrodes were plact:d just helow the furrow-slice at the depth of 6-9 inches. The packed plots::_\ iclrled an avtrngc 
of one lHtsllel pl'."r acre 11101·e of whent than the 11npC1.ckcd plnts. The packed ~oil S:l'ems tn havt· l'Onducted the "·ater of rains do"·n 
intn the suli ... oil more rapidly tlHlll the soil not packcrl, as shown by the ctirYe hcing lnorc respnnsi\·e to the rainfall. Before the crop 
wns har"\"csted the !J:\cked [Ind unp3cked soil~ wtrc alJOttt equal in 111oisture. After tl:c wheat was hnl\-estcd, Aug. 2d, the packed 
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suil he-came sl igbtly the m oistc1. Sec page 593. :.·1 



CHART XXI.-Sub-surface Packing- Spring-plowed Land.-Wheat. 

~OTF..-ln chart XXI spring-plowed land ~uh-surface packed i~ con1pnrcd with spring-plo\yed land not packed. T11c }iell1 of wheat 
is seven-tenths of a bushel per acrc·morc ,..)11 the pnckefil than on lhc unpac:kerl soil. and there is several per cent. n1ore of \Yater at 3-6 
inches deep. On the packed plot the loss of111oisturc 'vas slightly greater up to t~1e time ofhar\·t:sting the wheat, Aug. 2d, owi,ng in 
part to the larger crop. After the crop \Yas rc111oved the packed soil,hccatne consirlerahly tnoi.s,ter than that whkh was not packed. 
The packing evidently had the effect of decreasing theten1pernturc of the soil, !IS sho" n lJy the temperature curve. See page 593. 
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CHART XXIII.-Sub-surface Packing Land Which Was Spring-plowed andSubsoiled.-Wheat. 

>:oTE.-lnchart XX.III. the c:ffects proc111cl'tl l1ysub-snrfacc pveking on land \'\'hich had been spring-plo\\'ccl and subsoiled in 1897 are 
shown. The latHl was plc>wed six incnes deep and thl' subsoil plots \\"ere stirred seyen inchl's deeper with the snhsoiler. At tbe rlepth 
of 3-6 inches the temneraturc remained nearly lhe ~amc on the two plots. Owing to an accident there is a break in the tnoisturc 
curve for the most nfJuly. There is an incrcn}ie of over l1alf a bushel of T•hcat pt r acre on the packed plot:-;. The pac1 ing helped to 
overcome the bad cff. cts of the S!1b..-oiling, as is shown hy the larger percentage (.f tnoisture and larger crop yielrl in the packed plots. 
The packing malle the capillary conne.:-tion of the soil closer and 1nore ucth·e in carrying the moisture ii1to the soi1, th118 en using 
the clcctrolil's to respond more quickly after rains. Sec page 593. 
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CHART VI.-Packing Soil into which Coarse Manure Has .Been Plowed in the Spring. 
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NoTB.-In chart VI. are sho\vn the results frotn subsurface packing spring-plo\vecl Innd into \vbich 
t"renty tons per acre of coarse manure was plo,ved. The soil at a deptll of 3-6 inches had about an 
equal amount of111oisture early in the: season. The atnount of·water was n-duced by the crop in either 
case. The crop was a bushel per acre larger on the unpacked soil and the soil \Ya! n1oister in the plot 
\Vbich \Vas packed. The larger crop required tnore water. See page 5D3. 
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SUBSOILING FOR \'.\RIOl"S CIWl'S .\T cnTEAI' F.Ui:\l. 1;1n 

GENEl<Af. SLJ,"i[l\lAl'1". 

( r) The subsurface packer has a slight effect on incrl'asing 
the moisture in the lower part of the forrow-slice and on in
creasing the capillary activity in this part of the soil. 

(2) The subsurface packer hacl libtle or no effect on modi
fying the amount of moisture in the subsoil iminediately below 
the furrow-slice at the dL'pth of 6-9 inches. 

(3) Subsurface packing increased the yields of wheat only 
two-tenths of a lrnshel per acre, as averaged for ten plots with 
and ten plots without packing, ancl was not financially profit
able under the cunclitions of this experiment. 

(4) Jf subsurface packing is profitable anywhere it is prob
ably under drouthy conditions ancl on loose ash-like soils. The 
packer leaves the soil ridged so that it will not drift su 11111ch 
before the wind as will soil which has been ,rollecl with a com
mon roller, and probably not so much as land which has hl'cn 
harrowed with the common spike harrow. 

SUBSOIUNC- FOR VARIOUS CROPS AT COTEAU 
FARM. 

During· the years i896, r897 and i898 experiments were con
_ducted to determine the influence of subsoiling on the yield of 
crops. Incidentally, moisture control rwork was carried along 
with a portion of the plot tests, that facts might be learned as 
to the effect sttbsoiling has on a supply of soil water to the 

crop. 

SUBSOILING FOR CORN. 

Table CXL., p.' 6o4, gives results of subsoiling for corn in 18<)8 
on spring-plowed and on fall-plowed-land. In each case the sub
soiled plots were beside those not subsoiled and the comparisons 
were accurate throughout. In every case the subsoiling ap
parently reclncecl the crop of cars, also the crop of stover. 'fhe 
ear corn on the subsoiled plots was nineteen per cent. less in 
yield and the stover fifteen per cent. less. 



604 SUBSOlLil\G POR VARIOUS CROPS AT COTEAU FARM. 

TABLE CXL.-Subsoiling vs. Not Subsoiling for Corn. 

Ear Corn Stover Total Spring Total 
and Fall Yieln 

I I I 
Otear 

Sprini< Fall Spring Fall Ear corn 
plow'd plow'd plow'd plow'd Corn Stover and 

I •tover 

Corn not subsoiled ... 141791514215477, 5964I93211114411207621 pou_nds 

Corn subsoiled ......... 3~4_t) ___ 4_()~~ _ 4459 50!9 7573 9488 17061 " 

SUBSOILING FOR WHEAT. 

Table CXLI. gives the results of subsoiling for wheat in 
1897 on spring-plowed Janel which had been sub-surface packed, 
both with and without snbsurface packing. In each case there 
are lessened yields shown on the subsoiled plots. 

TABLE CXLI. Subsoiling vs Not Subsoiling for Wheat. 

========================================-~--~~ 

Treatmtnts 
Grain 
Bus. Straw 

---------- - ----- ----
l>pring plowed and subsurface packed................................. 11.92 2310 

Spring plowed, subsurface packed and subsoiled................ 11.46 2503 

Spring plowed..................................................................... 11.23 3397 

Spring plowed and ~ubsoiled ......................................... ·····I 11.00 2503 

SUBSOILING FOR SEVERAL CROPS. 

Table CXLII., p. 606, gives the summarized results comparing 
subsoiling and not subsoiling under a variety of conditions and 
with several crops, and running through the three years 1896, 
1897 and 1898. Ont of the seventeen comparisons shown in these 
tables, fonrteen show a decreased yield from subsoiling. In 
one case the yields are equal and in two cases there is a gain in 
favor of the subsoiled plots. The grand ·averages in these 
three tables show lessened yields of the subsoiled land 
in case of every crop tested. Not only did the wheat, oats 
and corn, commonly bnt erroneonsly termed surface feeding 
plants, yield less on the subsoiled Janel, but the potatoes, turnips 
and sugar beets also founcl this soil less suitable to their 
growth. 
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CHART XXII.-Subsoiling in the Spring for Wheat. 
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~OTu,-ln chart. XX.JI. thl' 111oist11re L'nrvcs shu\Y the moisture in the 1(1\Ycr part of U1e sub~uil, al the depth ot 3-6 inches, in plots 
spring-plowcl1 six inche~ deep and in plots spring-plowed to the sa111c depth and s111)soikc1 seven inches deeper. The data for part of 
July were acciUcntall_Y lost. Early in the season the subsoiled plots bad less tnoistnre than those not sulJsoilc<'I, but in August and 
Septe111hcr no difference \YRS ohscrvcrl. The temperatures were alJout the sa111e until the crep ·was 11ar\csied, 1Jut in August the sub
soiled plots \Yen: several degrees \Yann er than thost: not ~ubsoiled. 
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TABLE CXLII. Subsoiling vs. Not Subsoiling for Several Crops. 

1896 

I 
1897 I 1898 I Grand Averages 

. Spring Fall Spring I Fall Spring I Fall and Fall Spring 

OATS 

I 
Subsoiled .......................... ,.! 17.5 I 11.5 1··················1··················l··················1··················1 
Not subsoiled..................... 18.0 15.6 .................. ················· \ ·················· ................. . 

14.5 

16.8 

POTATOES 

I 

Subsoiled ............................ 1 .................. 1················ ·1 99.5 1111.3 1148.7 1137.3 1124.2 
Not subsoiied ..................... 1.................. .................. 130.3 80.3 148.7 149.6 128.5 

TUJ<NIPS 

I 
Subsoiled ............................ !······ ···········1··:·············· 1 24693 I 30650 1· ··················1··················1 27671 
Not subsoiled......................................................... 26746 30190 .................. ........... ...... 28468 

I 

4.7 FODDER CoRNI Subsoiled ............................ 1······ ···········1··················1··················1 • 4.7 1··················1·············:····1 
Not subsoiled..................... .................. .................. .................. 5.0 .................. ! •••••••••••.•.•••• 

I 
5.0 

WHE.lT I Subsoiled ............................ 1··················1··················1(See '.I'.ableCXXXVIII,1··················1···················1 
Not subsoiled....................................... .................. page 583.) ................................... . 

SuG.lR BEETS! Subsoiled ............................ 1··················1··················11··················1··················1 9.3 I 14.7 I 
Not subsoiled............................................................................................. 10.1 18.1 
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SUBSOILING FOR VA!{lOUS CRO!'S AT COTEAl' FAIDI. !i07 

Subsoiling is very expensive, and for nearly all our Minnesota 
conditions it will not pay in raising farm crops, if indeed in 
raising root or garden crops, or en'n young nursery trees under 
many conditions. It is easy to make most of our soils too open 
for the best growth of crops clnring onr frequent periods of 
drouth. 

Profs. Shepperd and Ten Eyck, at the North Dakota Ex
periment Station, Fargu, found that fall plowing and subsoiling 
eight inches deep increased the \Yheat cn;p but not sufficirntly to 
pay for the cost of subsuiling-. \Vhere the subsoiler was run 
only 4-6 inches below th<: bottom of the furrow-slice they seemed 
less yield of wheat than \\·here the land was fall-plowed without 
subsoiling. 
LOOSENlN(; THE SOJL f\NIJ SUJ:SU!L ,\JflS !{,\JN TO l'ENETRYrE l>EE!'. 

It has been shown that luusening the surface of the soil 
catches portions of the rain fall which woulcl otherwise run off 
over the surface. Deep plowing and subsoiling induce the \\·ater 
from a heavy rainfall to penetrate deeper into the soil. <..J1art 
II., p. 587-, shows that the bare compact suil has only ahuut 20 

per cent. of moisture at the depth of twio fret, while the soil 
which \\·as plowed and suhsDilcd, as shown in Chart .'\..'\.VI I., 
p. (Jo8, contained at the same depth about 22 per cent. \Vhilc 
the b<1rc compact soil (see Chart I., p. 585) contained only about 
26. per cent. of water at the depth of three to six inches, and 
maintained this amonnt steadily thrunghout the season, the soil 
which hacl been thoruughly loosened tn the depth of thirteen 
inc}1es (Chart XX\'lI., p. ()og) had ;i;t this depth 33 per cent. in 
l\fo.y, but this a1~1m111t \\as gradually reduced nntil September, 
wl1en there was only 30 per cent. Two causes of the subsoil 
betpg moister in the subsoiled land are snggestecl: 

~ (I) The soil which had been loosened to a depth of thirteen 
inc}\es may have allo\\'ed the rai1rn·ater to percolate to a greater 
depth, thus increasing tlw \Yater supply at the depth of twenty
four inches. 

(2) The looser soil and upper subsoil may have retarded 
the upward flow of capillary \\·ater, thus conserving in the snh
soil more of the \Yater ·which \Yas received. Opening the soil tn 
the easy penetration of \vatcr is in one \\·ay an advantage, while 
the injurious effect of tlms loosening it hy subsoiling results in 
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CHART XXVII.--Loosening the Soil and Subsoil Aids the Rainfall to Penetrate Deep. 
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NoTE.-IN charl XX.VIL the amount::; of moisture and tcmperiltun.·s at the depths three to six inches and at t\venty-four inches are 
co111µarc:d. The zone of soil nearer the surface on land plowed six inches deep and subsoiled seven inc ht s deeper \Vas tnuch the tnoister. 
It became sUghtly drier as the season advanced while there ·was 1ittle change in the 111oisture at the depth of t\venty-four inches. The 
temperature of the 11pper zone \vas seyeral degrees \\·anner than at the lo\\·er electrodes. This difference gradually dhninished 
through July and August n.J1d in September lhe te111peraturc was higher at twenty-four inches deep. See page 607. 
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injury hy the too free admission of air. It seems best to depend 
upon only a moderately deep furrow-slice to aid the water in 
penetrating the earth in our rather dry climates, leaving the sub
soil compact. 

SUMM:\R\". 

(I) Subsoiling oftrn decrc-ases the percentage of water in 
soils, though increasing it in the deeper subsoil. 

(2) In districts where the rainfall is not over abnnda11t 
subsoiling lessens the yield of crops on land already sufficiently 
open or porous. 

( 3) Subsoiling is expensive and is not profitable under most 
conditions in Minnesota. 

PLOWING IN Sl'l\I:\'C VS. PLOWING IN THE FAL.L 
FOR WHEAT. 

In Table C::\.Lllf. arc given the yields per acre of wheat 
grown on fall-pJm,·ecl land and 011 spring-plowed !arid. The re
sults of three years arc averaged ancl the average yields arc equal. 
The North Dakota Station bas averaged results of trials on Red 
River Valley land. They give the average for fall plowing at 
r9.2 bushels of "·heat per acre and the average for spring plow
ing at one bushel less. 

TABLE CXLIII.-Spring vs. Fall Plowing for Wheat in Bushels. 

\ 1896 1897 I 18\IS Totals 

,

1

i:Spri.11g·ll, Fall Spring-I Fall ,1 ~~:;:;-\-;all ~1~;;;:1-;all- No. or 
tri:il~ 

::::=~~1-~;--1~.~-,-;.~p,-f~~;r~~rn.·ilt!.1 3 

\i\There it is practicable to do so, plowing· should be clone m 
the fall ( c-arly fall plowing is the best) to relieve the pressure of 
\\·ork during our short spring seasons, "·hen large areas must be 
planted quickly. Extc115iYe practical l'Xperience would seem to 
indicate that plowing early in the autumn g·ivcs the best crops and 
prevents the ripening of many weed seeds. W ec-cls are plowed 
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under while yert green, other weed seeds start and are killed by 
frost, the stuhhle has more time after being turned under in 
which to decay, and the land lies fallow for a time, allowing 
some plant foocl to be elaborated and retained for the use of the 
crop early the next season. The early fall plowed land allows 
water of rainfall to enter and serves as a mulch to keep it there. 

PLOvVED VS. COl\IPACT SOIL FOR WHEAT. 

Table CXLlV. gives the results of smving wheat in 1898 
. on land on which the wheat stulihlc had hccn plowed under in the 
fall, in co'rnparison with \1·hcat su\1Td on land from which the stub
ble was removed in the fall nf 1~97, leaving the surface hard and 
bare. The season \1·as a rather fa vc 1rable one for· the unplowed 
plots. As a rule, \\heat not only yields less where the land is not 
plowed, but the weeds have a better chance, both because the weed 
seeds are not destroyed nor hnried too deep to g;crrninate and be
cause the less vigorous grain plan ls arc not so strong· in smothering 
young \Veeds. l-f ere i he yield \1·as 2.G lmshcls more on the p!Oiwcd 
land, •though the compact plots \HTC otherwise in excellent con
dition. As a rnle in l\linnesoia, this plan is not to be commended. 
Further west and north 11·est, \1·hcre the drouths arc more severe, 
this method of very little preparation will pay only occasionally. 
I1t is poor farming at best, and as cc1mparcd with preparing our 
fields for wheat hy means nf othn nops preceding them in the 
rotation, as grass, corn, de., it is at the lowest encl of the scale. It 
has been characterized as "\Ylll'at fanning gone ·mad." 

TABLE CXLIV.-Plowing vs. Compact Soil for Wheat. 

Fall plowed .............................................................................................. 24.6 liu. 
Compact soil............................................... . ..................................... ...... 22.0 bu. 

In Chart XXVIJI., p. GI r, it is shmrn that the compact soil 
was moister at the depth of three to six inchC's than the plowed soil. 
This is in part clue to the greater need for water of the larger crop 
on the plowed area. The compact soil was less sensitive to the 
water of rains than the more open snrface of the fall-plowed area. 
The better capillary conditions of the 101\'er part of the fnrrow-slice 
in the compact soil enabled it to keep a helter supply of moisture 
during the short periods of drought than that of the plowed soil. 



CHART XXVIII.-Wheat on Plowed vs. Unplowed Stubble Land. 

XoTE.-Chart XX YI II. shows that wheat 011 plowed soH >iclded 2.6 lmshcls per ncre tnore than unpluwc<l land. There was mi ire 
n1oisture at the depth of three tn six inches in the cump::ici ~oil until after harYe:.t, when it 'vas cqu;d to that 011 the plowed plots. 
The temperattnc likewi!'e was higher in the compact soil, except after the grain wns hnr\·c·~ted, wht:n it wns slightly }!!\Ytr than 1Jn 
the fa11-plnwed Janel. See pngc 61 O. 
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CHART XV.-Bare Compact Soil vs. Fall-plowed Soil-Without Crop. 

~:_I " S1!-tEli'11 fi~::- W.lii i ~, JJ 
H-::li;;Q '~_Jt1k~-I :1 

NoTR.-Chart :XY. shows that of two sets of plots not bearing crops in 1898 the one which was plowed in the fall was slightly 
moister in May and June, but drier in July and August. The ten1perature of the fall-plowed land n:'n1ained a few degrees lower 
throughout the entire season. Both these soi1s remained very 1nuch nlore constant in their content of moisture than plots bearing 
crops, as may be seen by reference to the moisture curves 1·epresenting plots bearing- crops. The moisture in the fall-plO"wed soil 
fluch1ated in ore than in the soil \Yhich had been left compact, and also showed a 111arked increase of moisture for the season. Seep. 613. 
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Thal plm\'ing opens up the soil so as to allow of ready absorp
tion of rain is strongly shown in Chart XV .. p. 612. The temper
ature of the plowed soil is also more moderate than that of the bare 
compact soil. The chart suggests that a \\'atcrshed would cease 
to give so much of its \\·atcrs to lakes and rivers if the surface 
were tilled. Many of the lakes ancl sloughs of the great prairie 
regions arc drying up. The greater a],surptivc power of tilled 
soils is one reason for this drying up. It is a condition not to be 
\\·holly deplored, since we have the use of the water for valuable 
crops. It also means that early fall pluwing is advantageous, be
cause the season for absorbing rainfall is prolonged, to say noth
ing of the better elaboration of plant food that results. 

It may be worthy of remark here a1so that our cultivated crops 
are doubtless larger a11d remove more moisture from the soil 
into the air than did the native grasses of the prairies, thus redu
cing the amount of moisture which formerly percolated downward 
ancl supplied springs and sloughs, which dried up soon after the 
prairies were brought under cultivation. 

I-IARRO\VING GROWING WHEAT. 

Table CXLV. g-ives the results for two years of experi
ments in harrowing wheat when it is a few inches high. It has 

TABLE CXLV.-Harrowing vs. Not Harrowing Growing Wheat. 
===== ._ .. _________ -----------==--==~-----==---

1596 18D7 Totals 
! 

Not Har-1 Har-
rowed ro\ved I N~~ l~~--i-- Har- I :-lot ~ar-1~nr- 1· T~i~le 

rowed rowed rowed rowed 

:::~:::,,, \ ''I '·• '"I ''I ':: .. 1 '::J~~:: 
been advocated by some that a light harrow would destroy many 
weeds and vvould improve the blanket of loose earth a·mong the 

NOTE.-Thc two plots represented in Chart XV .. p. fil2, gTC'\V no crops in 18D8. 
One was left compact anrl kept bare ofyegctati~~rn. ·while the other \Va~ fall-plowed 
and kept bare of \·egetation. The compact ~otl, as show.n by the 1~1o!slnrc ~urYC, 
hdd about twenty-fh·e per cent. of n1oisturc at ader;ith ot ~hrcc to sJx inch~~ 111 .the 
1niddle of May, and retained the sa111e percentage till 1!1-le 111 St·1;te1nhcr. I he laI.1-
plowed plot had about t,venty-four per cent. in the sprmg, and. Jn the nutumn th 1.s 
had been increased to thirty-one per cent. The temperature 111 the t.'ompact sod 
\Ya~ a fe\Y degrees higher throng-hout the entire season. 



CHART XX.-Harrowing Growing Wheat when a Few Inches High. 

NOTE.-In Chart XX. the n1oisture cur\·e~ fllhow that in spite of the harrowing and of the slightly lessened stand of \Yhcp.t the 
harrowing had a harmful, rather than a lie:1efic1al, elfect on t11e amount of 111oisturc that the soil contained at the depth of six to 
nine indll.'S, as \Yell as a bacl effect on the yield uf wheat. See pag-ts 613, Gl;"l. 
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wheat plants. The res111ls, so far as these few trials show, indicate 
that the injuryto the plants is more t!ia11 enough to offsd any henc
frts which may arise from killing· \\'ccds and making· the ,;urface 
soil louse. Tn some expcrinll'nts prcvio11sly c1mcl11ctccl tlw \\·heat 
was injured hy harro\1-ing, and the more harro1Ying· the g;rcakr 
the injury. 

\Ve can probably do 111nrc to reduce the weeds in our 11·heal 
fields hy means of previous cmps grown in the rotation with 
wheat. C11ltiyated and grass crops reduce the weed SL'l'ds and 
also the annual and biennial \1-ceds. These crops also prepare 
the soil for a thrifty gruwth of small grains which will smother 
011t the weeds. \Veecls m11st l>e at!ackecl hy all-ro11nd grn1d far111-
ing as \\'ell as by special means. 

Do11!1tlcss light harruwinr; during; the first several days after 
seeding, before the plants are 11111ch developed, benefi1s the crop, 
hut after the plants have reached the air it is easy to do nhHT 
injury to the plants tklll good to the soil. Shepperd and Ten 
Eyck repnrt one tria-1 at Fargo, N. D., in \1·hich harn>11·ing six 
clays after So\\'ing the 11-heat and t11·0 or three days hd11rc the 
plants came 11p gave an increased yield of two lmshels Jll'r acre. 

Since grain which is planted with a drill on well-prcparl'cl 
soil is all burier! !n an even depth, it may be harrowed aftl'r it 
sprouts \rith kss injury than in case of wheat sown broadcast or 
even wheat \\'hich has hecn drilled in on poorly prepared land, 
where many of the seeds arc near the surface. 

I\RO:\DCASTJNG VS. DRILLING WHEAT. 

During the past decade grain drills with shoes patterned 
somewhat after those nsell on corn planters have been highly 
developed. The best of these drills seem to he practicable in 
almost all soils and all conditions. They will not, however, work 
well on land in which corn stover is lying- thickly. Now that 
corn hinders arc tlwroug-hly practicahk and corn st<>Hr is so 
thoroughly demonstrated to lie a Yalualilc food product, thnc is 
little excuse for allmving stalks to remain standing in the field on 
most l\Iinneso!a fan11~. Disk drills, on whiL·h disks take !hl· place 
of shoes, are gaining prmnincncc in some quarters. They may 



616. BROADCASTING VS. DRILLING WHEAT. 

prove especially well adapted to drilling in grain or cornstalk land, 
and, on account of leaving the soil ridged so that it will not so 
easily drift, they may prove useful on fine soils exposed to severe 
winds and to many other conditions. 

TABLE CXLVI.-Broadcasting vs. Drilling Wheat. 

I 1S!J6 1;;97 Totals --·---

1 

·11 11 Broad- Drilled Inroad- Drilled Inroad- 1:'o. Drt ec cast cast cast trials 

------·-- ,···--·----·------! ----- ---

:::~:;:s~.e~::::::::::: ........ : I ~~:~..l..~:~ .... l ... ':~ . ..I. 3.8 .. 1:-~511:.·:5 2 

Table CXLVI. compares the yield of wheat planted with 
a shoe drill and broadcasted in 1896, and again in 1897, on fall
plowed wheat stubble. The averages for both years are low, 
but it is nnder poor conditions that the drill excels. The drill is 
especially valuable in springs when the soil is dry. It places the 
seed at a uniform depth and in a narrow furrow freshly opened 
out, so that the seeds are laid in moist earth. Since the seeds are 
all at once well and evenly covered they gem1inate more uni
formly early than in case the seeds are buried at uneven depths, 
as they are when sown 1Jroaclcast and covered with the disk 
harrow, the spring tooth harrow or other cultivating implement. 
In seasons when moist cool \\·eather follows seeding, broadcasting 
may result in as good crops as drilling, 1Jecause the conditions are 
suoh that every seed will produce a vigorons plant whichever way 
planted, and almost regardless of whether it is buried shallow or 
medium deep. The drill requires less seed because a larger per
centage of the seeds buried at a uniform depth will germinate 
and fewer seeds are required to procltice a full stand. It is espe
cially important' that those who have drouthy soils use a drill, 
though the drill is best for even heaYy, moist soils under 
most conditions. V cry few hoe drills are now sold in Minnesota. 
Press wheels behind the shoes of shoe drills are not now con
sidered 50 important as was generally believed several years since. 
These press wheels are probably useful further west, where the 
soils are frequently very dry at seeding time, and would be useful 
in western Minnt>sota in exceptionally dry springs. 



CHART XIX.-Drilled vs. Broadcasted Wheat. 
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'KuTE.-Cliart XIX. :-;hows that the aYcrn:;c yields uf three plots of whe-1t drillcll in un fall plowed land in 1 S97 wvrl.' 7.~ 1J11<.;Ju:l~. 
ascn1111L\red with ~LS bu:-;hels ykldt.:d hy three similar plots on which the whcnt ·wns ~cywn l)roadcast. Tl~e broadcast plot ~ho-..,yc11 the 
higher temperature. The n1oist11re remnine<i nearly the ~an1e during the cntir,· scnson. The larger L'rop ofwh('at on the t11·illed ph>ts 
reqnired rnorc water, hut :the thin stand of wheat nn the broadcast plots allo\Y<:d 111any "ecds to gro\Y and tlH·se caused as n111ch 
111oistun_· to be used 011 them as on other plots. See pagt's Glfi, 616. 
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618 CULTIVATING WHEAT IN WIDE DRILLS. 

The especially low yield of broadcasting shown in the table 
on p. 616 for the year 1897 is very significant. A severe frost 
May 31st destroyed ahont one-half of the wheat plants on the 
broadcasted plot, while of the drilled wheats there were but 
few plants pemianently injured. The drilled wheats were more 
deeply and strongly rooted than those of the broadcastecl plots, 
the "crown" being deqwr in ti 1c soil; hence .they withstood the 
frost better. 

CULTIVATING WHEAT JN WIDE DRILLS. 
In Table CXLVTT. are given the results of several trials 

of wheat grown in drills t \\'enty-one and fourteen inches apart and 
cultivated, as compared with wheat so\\'n in the ordinary way in 
drills seven inches apart and not cultivated. These trials cover 
the years 1896 and 1897, each yield g·ivcn for each year being the 
average of the yield of three plots. The grand averages tell the 
story so emphatically that no discussion is necessary further than 
to say that the yield is reduced and the further apart the drills 
the less the yield. Jt is urged by those who favor this method 
that about one-half as much seed is needed. \ Vhile this is true, it 
is more than offset liy the extra cost of cultivating between the 
drills. Th~re is nothing to warrant the use of this method in 
Minnesota. It has been suggested that, instead of using half the 
ordinary amount of seeds in the \\'icle drills, better results would 
be obtained by sowing the full amount of seed. 

TABLE OXLVII-C~_ing~heat in Wide Drills. 
----------- ~·-·---~---·-·-

1--;--=:~6 21 ·--.-~18-19-:~-2-1- __ 7 ___ To:-:l-s ---2-1 -

Drills Drills Drills Drills Drills Drills Drills Drills Drills 

ST ABLE MANURE FOR WHEAT. 
As a rule in lVIinncsota farming, stable manure would better 

be applied to some crop, as grass or corn, which is grown in' 
the rotation preparatory to the crop of wheat than to the wheat 
crop itself. Manure adclecl direct to the wheat often makes the 
crop leafy, and on heavy soils it may even cause lodging- ancl 
thereby do more injury than good. This danger does not obtain, 
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however, in the Coteau soils, whid1 are naturally nut Yl'l"Y rich 
and arc now somewhat \Yorn !Jy cro1i1)i1J<Y tn 0Tai1~. Reference to 

- t"> ~ 

Table CXLVJ1T. shows the proporti()n of straw tu \Yhl'at tu he 
less, if anything·, in the manured areas than on the u11111a1111n·cl land. 
These soils lack humus, !mt on the other hand thl·\· ahuund in sol
uble mineral salts. llcnce thl' yield of the crnp is .increasl'd wlwre 
humus a11cl nifr1 1gen arc added to the s11il. 'l\renty tons pn acrl' 
is not sufficient to make the gro\Yth of straw too strung, hut this 
amount incrcasl's the yield of the gTain and its quality also. 
Even here it is recognized that the ·manure would yield far mure 
profits per luad if applied first to corn or ~:Tass <~ncl 

0

the wheat 
brought un the first or second year thereafter. 

TABLE CXLVIII -Manuring vs. Not Manuring for Wheat. 

Spring Plo"·ing.......... 7.9 20.4 8 0 

Spr. Plow. anrl S.S. P. 8.3 14 3 9.1 

Fall Plowing .............. 10.3 12.5 7.8 

Grand Totals .................................. .. 

Granci AYerages ................. . 

17.3126.8 2G.4 ·t5.7 64.1 

14.3126.5 25.5 43.9 54..1 

10.3124.6 24.6 42.7 47.4-

....................... ,129.311G5.GI 

......................... 114.3()118.401 
-~~~~~~~~~~~~~~~-

2.4 

2.6 

2.[) 

7.5 

2.50 

2.2 

.!:?.!!4 

2.5 

G.94 

2.31 

Table CXL\'111. gives the yields for 18(_)6, 1897 and 18(_)8, 
each of which are made up by averaging the yields of l\\'U or three 
plots. \Vhile the grand averages show that twenty tuns uf manure 
will increase the yield of wheat 1111 this land several hushr:ls per 
acre, the manuring was primarily done that we might study the 
influence of vegetable matter 011 the moisture of the soil. 

The material increase in the yields of wheat from the appli
cation of stable manure on this comparMivcly new soil speaks 
emphatically in favor of the economy of producing and applying 
large quantities of manure on our farms, especially those which 
are lacking in hum11s and nitrogen. The range of increase shown 
in 'L1blc CXL\.TJT. is frum r2.5 bushels per acre dO\rn to noth
ing, and in one case a decrease of one bushel is shown. 



CHART VII.-Coarse Manure on Spring-plowed Land. 
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NoTE.-Plots on which twenty tons of11nroiled 111anurc plowed unrler in the spring of 1898 pro

duced slightly less \Vheat ihnn plots to whi<-11 no 111annrc was applied. Herc the electrodes \Vere placed 
at adt>pth of three to six inches. The tetnperatnres were prrctically tl1e sa111e throughout the season, as 
is •l10wn by the tempera tu re cun·es at the toµ of Clrnrts VII. and XVII., p. 621. During- the earlier part 
of the season the soil at 3 to G inches dcc.P \\·as slightly drier on the 111nnured plots, but after the crop 
was harvested tbe lo\ver part of the fnrrow-slice in the rw.anurcd plots becan1e moister than those not 
manured, though the effect is not ver.v n1arked. No doubt the coarse n1anure had becon e somewhat 
rctt.teci and n1ore intin1atdy as~ociotcd with the soil, thu~ cunbling it to oid in holding moisture in the 
soil at the depth where the electrodes were placed. 
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CHART XVII.-Rotted Manure on Spring-plowed Land for Wheat. 

NoTE.-T\venty tons of "·ell rotted 111unurc in 1897 increased the yield of \\·heat no ~qiring-plowcd land 116 per cent. The 
111anurcll soil containecl the lesser tnoisturc at G tog inches, hui the larger crop doubtless 111ade a mnch heavier draft here than on the 
unmannrecl soil. The slight!~· lower temperature of the manured soil was doubtless clue to the tlenscr slrnde provided by tlle !:lea vier 
crop. See pa)?;e 624. 
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,CHART VIII.-Rotted Manure on Fall-plowed Land for Wheat. 
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No'rE.-In 1898 land into \Yhich t\\·cnty tons of rotted nH111ure was plcnved the fall prcYinus, as shO\Yll in chart VIII. yielded two

tcnths of a hnshel 111orL· wheat than did land to which no manure hac1 hecn applied, thl· lntHl in 1898 being alrendy quite \Yell 
enriched. The T1Hl11111·e hntl the dft.:ct 11f drvi11g the soil at. the depth of ~~to 6 inches earlier in the sen son, ns 1.s shown hy the moisture 
L'tll"n: . ...:. Hut after lhe crop was harvcstecl. when t!H· manure had hcco111c 111nrc intimately fl!--SOciaterl with the soi]. it- increased the 
percentage of moisture in the lowl4 r part ufthe f11rrow-slicc, \Vhere the electrode:-: were plaCctl at the depth of three to six inches. Se~ 
page 624. 
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CHART XL-Rotted l\l[anu1e and F.dl-11Iowed Laiid-Without Cro11. 

.. L::-r;_ 

N11T1·:.-< )11 tlll' ends or the plots 11lt'lltiurn.:d 111Hlc1· Lhe !:1st he:1dit1.!..! :111d i11 Ch:trt \'III., pa;:.!e 11~2. thl· whe:1t wn:-:. n:lll<ln:d l•y l!at~·i 
:l"' soc1t1 :-ts it appc:1n:d :t'10\"L' :...:rnu11d. ~tnd 1:lt.-ctr()dt·'." \\·t·n._· pl:tn·d 111 :1t the depth of th1·t.·t· t11 :-:.ix inclws, tl1:1t lilt.· effn_'L ul the 1na1111· 
mi.!..!ht lil' studiL'd witho11t ltit' t.:ffc"cl j)f a Cl"ll]1. :-;,. ch:111gc was 111·1,dun.'d liy the ~~1:111t1tt.' in the tl'l11f1crature ()f the soil. E:1i-ly in ti, 
scn~o11 tht' manure made lhl' S()il dric.T, Jiut lat.c: in the season, when it ilad l1ecome lit.·ttcr incorporatt.·d with the soil, it assisted!: 
holding 111nre wn.t.cr in the lowe-r part oftht.: furrO\\' slice. Sec page 624. 
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624 STABLE MANURE FOR WHEAT. 

In general, it would appear that either rotted or unrotted 
manure plowed under in the fall or in the spring makes the 
furrow-slice drier during the earlier part of the summer in a 
dry region, but as the season advances it becomes more inti
mately associated with the soil, both chemically and physically, 
and then makes the soil more retentive of moisture. It was 
at first thought that the wheat roots might have been especially 
developed in the rich zone of soil containing the manure. This 
would result in the plants securing the excess of moisture there 
provided by the manure. But an examination of Chart XI., p. 
623, will shovv that on the plot not hearing a crop the manure re
duced the moisture in the soil early in the season and that later 
it increased the moisture, showing quite decidedly that organic 
matter, once it becomes well incorporated with the soil, tends to 
increase its water holding capacity. Doubtless the effect of the 
coarse manure early in the season is to so loosen the soil that it 
acts more strongly as a mulch, holding water in the subsoil by 
not allowing it to so easily rise through the fmTm\·-slice by cap
illary action. 

These soil moisture studies have strongly sugges·tcd the 
thought that in our warm, dry summers our common field crops 
adjust themselves to the conditions and feed deep in the soil. 
Where the plant can find no moi~ture through \Yhich to get its 
food in the 11pper six inche_s or foot of soil, its main feeding 
zone is below these depths and a foot or more in depth. Doubt
less the zone of greatest activil\· of bacterial life is also inst 
beneath the bottom of the dry . zone. The water holding. ca
pacity and the richness in plant food of the subsoil to the depth 
of several feet arc of greater interest and importance 111 a 
drouthy country than in one with an abundance of rainfall. Un
der conditions of extreme clrouth \Yhere the entire furrow slice, 
and probably as ·much more of the subsoil, must be only a mulch 
over the moisiter subsoil in which the plant roots feed and in 
which bacterial life finds sufficient moisture for its operations, 
the quality of the subsoil is very important. Purchasers of farm 
lands in dry climates should make more than the customary 
difference in price bct\Yecn those lands \\·hich have a deep, re-

. tentive, not too close, subsoil of mixed clay and sand and those 
in which the subsoil is too open because. composed largely of 
sand and gravel. 
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CULTlVXl'lU:\ CO:\SEL\. \ES SUlL ~lulSH J\.l~. 

In 1898 comparisons were made to learn what effect fre
quent tillage throughout the summer, and also plO\Ying·. kt\·e 
on retaining moisture in the lower part of the furro\\'-slice and in 
the subsoil. Land which had grown \\·heat in 1897 similar to that 
used in plots mentioned in Charts I. to XXIII., inclusi\'c, \\a~ 

used. The stubble was removed from the several plots \\'hich 
were to be used on the duplicate series. One was left hare and 
compact, the \Weds being removed through the summer \\·ithout 
disturbing or mellowing the soil. Another \\'as cultivated fre
quently, keeping a loose dust mulch on the surface for the entire 
season. All treatments were in duplicate and the average results 
are in all cases llSed in the charts. The plot which was left com
pact and kept bare of vegetation was used as a standard \\·ith 
which to cc,mparc the plots otherwise treated. 

SPRF.\CE CUL'fff,\TIO)l" CO)[SER\'ES :\IOISTURE. 

In Chart XII., p. G2G, the bare compact plot is compared \\·ith 
the soil frequently stirred to the depth of three inches. The results 
are \-cry surprising, and the experiment will be repeated. At the 
depth of three to six inches the cultivated soil had only about 
I per cent. more of moisture during most of the season than the 
soil \\·hich was compact to its surface, and late in the season it 
hacl no more. The temperature of the cultivated soil \\·as a fc\\' 

deg-recs cooler than in the compact soil except in the autumn, 
when it retained its warmth longer than the compact soil. Should 
further experiments corroborate this result attaching less impor
tance to the ·moisture conserving power of the dust mulch, (see 
pp. 626, 634) we should have a further reason for destroying 
weeds, whicb were shown (pages 588 to 591, incl.) to \\'aste such 
large quantities of water. \Ve should also have stronger suspi
cions that the constant stirring of the soil in bet\\'een-rnw tillag·e 
improves the conditions under which soil bacteria \\·nrk be5t in 
elaborating plant food. The effect of conserving moistme in 
the subsoil, as \Yell as in the plO\Yed zone of soil, is being iurther 
studied. 



CHART XII.-Conserving Moisture by Tillage Between Rows. 
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NoTE.~In Chart XII. the tnoist11re ai the depth uf three to six indH.'R in 18~)8 is shown in a plol uf soil with surface left compact. 
and kept hare of \'l'getation. Compared \Yiih it is soil'' hich was liept stirred throughout the season to the clcpt_h of 3 inches. 
The cul1ivated soil had only about one pl'r cent. 111ure oftnoisture than the con1pact soil, but it was a fe\v degrees cooler. Sec p. 62:5. 
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CHART XXV.-Moisture at 3 to 6 Inches Deep in Bare Compact Soil Compared with Plowed and Subsoiled Land. 

~nl'E. -ln Chart XX V. arc di..;playcd till' nluisturc cleterniinatiuns at the depth of three to six inches for a lJar<: compact soil nnri 
~1dj:1cent plnts which wi:n.: spri•tg pluWL''l to the 1ll'pth nfsix i•1ches and snhsoikrl S("Yl'Tl inche:-; deeper and kt:pt hare !1f \'t·getntio1. 
Early in the season the plowed sqil cont:1ined ~ix p::r L'L'llt. more moistun: than the compact soil. This rlitfcrc:nce was .L!T~1d11all 
le~sent·cl l1y the co.np:tct sqiJ hecnmin~ tllllister and the p!(J\Yl'<l soil becoming" rlril'r at the depth named until the middle t)f ~t·ptcml1t~1 
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when the two soils were equally 1noist. The tc111pera tun~s remained about the same on the two pluts thruughou t the !iC:t~un. ~L·e p.f>!!f, 1 _ 
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CHART XXVI.-Moisture in Bare Compact Soil Compared with Plowed and Subsoiled Land at 24 Inches Deep. 

NoTE.-Chart XXVI. gives a graphic record of the same plots and the same trcatinent as are recorded in chart XXV., p. 627, the 
difference being that the: n1oisture an<.l ten1pcrature determinations here recorded were made at the depth of twentyMfour inches instead 
of at 3 to 6 inches. The plowed and subsoiled area contained 1norc moisture at this tower depth throughout the season than the cotn
pactarca. Thcten1pcraturc curves cross and rccross,showing that the te111pcrature at this depth "·as alike in the t·wo plots. Seep.629. 
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CULT I YA TION CONSEiffES SOIL l\IOISTURE. 6~0 

PU)\\'ING i\ND SUDSOILJNG CONSERVE SOIL l\IOISTURE. 

vVhile the presence of a mulch of loose earth three inches deep 
throughout the season did not conserve much moisture in the 
soil at the depth of 3 to 6 inches, plowing six inches deep and sub
soiling seven inches deeper resulted in the lower part of the fur
row-slice being much moister. This was especially true early in 
the season, as is shown by comparing the moisture curves in 
Chart XXV., p. 627. 

The 111oist11re in the snbsoil was much better conserved by 
the foot of loosened earth on the plots plowed and subsoiled than 
on the bare compact soil as shown by the moisture curves in 
Chart XXVI., p. 028. It would seem that one of the import
ant functions of the plow is t~ conserve moisture in the soil 
and subsoil. It loosens the soil to the depth of several inches, 
making a more porous surface for the rainwater to enter, ancl 
it allows the water to percolate downward to the subsoil. vVhen 
drouth occurs the porous soil is of too open a character for 
the water to readily rise through it hy capillarity to be evap
orated from the surface of the ground. If this proposition 
be as shown in Charts XXV., p. 627, and XXV I., p. 6:28, 
it is advantageous to have the rotation of crops so arranged 
that the soil is broken or cross-plowed at least at intervals of a 
few years, rather than lie unbroken, as in tame sod, for many years. 
The relation of soil moisture control and conservation is very inti
mately associated with the subject of crop rotations in climates 
which are subject to drouth. The most important question relat
ing to the rnanaf?;ement of our fields is, vVhat is the best method 
of rotating our crops? The question of how much water each 
crop leaves stored in the soil for the use of the succeeding crop 
is a secondary one, but is of great interest. The amount of 
water in the soil at the beginning of the season depends much 
upon the amount which was removed by the previous crop and 
upon the condition of <the soil as to its taking in and retaining 
water during the growth of that crop and during the interval be
tween the two crops. 
EFFECT OF A l\IULCH OF STRAW ON SOIL l\IOTSTURE AND TE~f

PERATURE. 

In 1897, and again in 1898, a plot of compact soil, from 
which the wheat had been removed by hand, was covered with 



6aO ct;LTIVATION CONSEl<VES SOIL .\IOISTL'RE. 

a of gtraw four inches deep. These plots \\·ere near the 

272. 

bare and compact and those cultivalecl throughout to 
of three inches. Their arrangement is shown in 

In Chart XU l., p. (;31, the plot mulched ,,·ith stra\1 in i898 is 
\1·ith the adjacent plut of bare compact soil. The moist

ure cmYes shm1· that the mulched soil at the depth of three to six 
inches contained over 5 per cent. more moisture than the bare soil. 
The difference was greater in the dry, warm weather of micl
;mmrner, when the straw prevented evaporation, than early or late 
in the season. That the greatl'r part of a small rainfall readily 
penetrated through a straw mulch four inches thick is shown by 
the manner in which the dotted moisture curve responds to every 
rainfall of over half an inch. The electrodes m these re-

Fig. '..!!,(:.-The nearest plui. is con1pact soil 1nulchec1 with stra\Y; tlle second is 
bare of;..rop and culllYated to the depth ofthreeinehes; the thirc1, \Yhere the 1111.111 
is using the electrical UeYict·, is bare nnd con1pact; the fo11rt.h is wheat on a com
pact soil. At the kft is the plot of thoroughly cnltivatcd corn. Sec pages 585, 
587. G2G G31. 

sponded to the rains nearly a:i; sharply as did those in the bare 
compact soil. The temperature at the depth of three to six 
inches was several degrees lower than in the bare plot. ancl it did 
not fluctuate so sharply with the temperature of the air and 
with the amount of sunshine, as is shown in the temperature 
curves at the top of the chart. 



CHART XIIi.-Bare Compact Soil and Soil Mulched with Straw. 
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NoTE.-Soil n1ulcbed with four inches of straw coin pared with :-;oil left co111pact nnd ln·pt hare of vegetation. The mulched soil i:-; 
ntuch more 1noist at the depth of3 to G inches and the tl'mpcrntttre is much cooler. That tltt: rainwater penetrates through the straw 
n11tlch is sho '"n by the fact that the dotted curve ri~cs after C\•ery co11sider:d1Je shower Tlie moisb1re incn·n!-'ccl throughout the grow
ing months in the mulched soil. \Yhile in the hare soH it remained almost constant. The temperature of the hare soil raisc:d ·with the 
temperatun.· ufthe \Ycather, ·.vhile in the mulched area the te111perature remained n1orc unifonn. See page 630. 
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CHART XIV.-Bare Cultivated Soil and Soil Mulched with Straw. 
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NOTE.-Soil tnulched with four inches of straw is hcrcco1npared \Vi th an arljacent plot on which the surface \Vas kept melloi;ved to the 
depth of three inches by frequent cl11tivation. The 111ukhcc1 area contained about three per cent. tnore of 111oisture at the depth of 3 to 
6 inches in the early part of the season, and this \vas g-radnally increased until there was a rlifference of six per cent., the per cent. of 
moisture remaining constant in the culti\¥ated soil. The te111perature ·was slightly 10,vcr in the mulched soil than in the cultivated 
soil, and varied less with the changes in air te111pcrature and intensity oftbc sun. The difference in te1npcrature increased as the sea
ilon advanced. See page 631. 
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In Chart XI\'., p. 032, the soil mulched with straw is com
pared with the cultivated soil. The straw mulch causecl the soil 
at the depth of three to six inches to be much more moist than 
the cultivatecl soil. The mulched soil became moister as the 
season advanced, whiie the per cent. of water in the cultivated 
area remained at ahout 25 per cent. The cultivated soil was a 
few deg-rees warmer than the mulched soil early in the season, 
and in the latter part of the season the temperature curves show 
it to have been several degrees warmer. 

Chart XXIV., p. 63..J., shrms the recorcl made on three plots in 
1897, on a mulched plot, a cultivatecl plot ancl a plot left compact. 
No vegetation was allmYecl on any of the plots. The mulched plot 
was covered \Yith six inches of straw, which proved too thick, as 
shown by the fact that the soil in this plot became no more moist as 
the srnson ach·ancecl, ,,·bile those areas which were cultivated and 
those leit bare and compact did become more moist. Strangely, 
the cultivated soil is not so moist as the compact soil, though 
at the beginning of the season it \Vas much drier, and it increased 
in moistnre more than the compact soil. The mulchecl soil had 
several per cent. more of moisture at the depth of the electrodes, 
three to six inches, than either of the other plots. 

The electrodes in the cultivated soil responclecl more quickly 
to the \Yater from rainfall than clid those in either the mulched or 
the compact soil. Doubtless the cultivated surface enabled the 
water to more freely percolate downwarcl to the depth of the 
electrodes. This is very good evidence that a cultivated soil is 
more effective in ahsorbing the \\·ater from rains than is a harder 
surface, a matter of no small consequence. \Vhatever retards 
the raimYater in its tendency to nm off over the surface and in
cluces it to enter the soil is very advantageous in a country where 
the rainfall is not sufficient for the best results. 

. The mulched soil was cooler than the others except at the 
end of the season, when it retained its warmth longer. The cul
tivated and compact soils remained equally warm until early in 
August, after \vhich time the compact soil was the cooler of 

the two. 
The mulch of straw, corn stover, hay or other coarse ma

terial is useful about trees and shrubs. If laid flat and not too 
thick, two to five inches, owing to the nature of the material, so as 



dHART XXIV.-Bare Soil Compared with Plots Covered with Straw Mu1ch and Dirt Mulch. 

NOTE:-In Chart XXIY. the tetnperature and moisture records of three plots witho11tcrops an~ graphicrlllycu111pared. One plot wat-< 
left compact; another \vas cultiYate<l freq11ently, kce1iing a "dust 111111ch 11 three inches deep; and t1w third was covered ·with a mulch of 
str~nv four inches in depth. Strangdy the cultiyatrd soil had at the depth of 3 to fl inches a few per cent. 1es:-; of moisture than 1 he com
pact snil and the mukht.·d soil h:1d ..;cveral per ci:11t. n1t>rc thnn t.l1c coin pact soil. In Reptemhcr the compact and cultivated nreas he
ca111c nlmust as moist as the mulcherl nrcas. Early in the season the comnact and cultivated soils were at the siln1e temperature 
while the 1n11lehed area was sevt.·r:il degrees cooler. During August :tn(l September the cultivated soil was a fe,v degrees \Vanner than 
the: enmpnct soil. Late in Seph·mber the mulched soil becan1e as warm as the cultivated soil and "'armer than the co111pact soil. See 
page (i33. 

O)' 
w 
>!'-

() 
q 

~ 
~ 
;.,. ....,, 
..... 
0 
z 
() 
c z 
(/) 

til 
::0 
< m 
(J) 

(J) 

0 -t"' 
~ 
0 ..... 
(/) ...., 
c:: ..... 
---



CULTI\'.-1.T!ON CONSEkVES SOIL :\l1llSTl Im. 1;;;;, 

to let the water pass through it into the soil, it doubtless con
serves water for the plants. Superintendent Gregg has found it 
useful to place a mulch along either side of hi!ii willow heclg·es 
after the time of cultivating has passed. \\'hen they arc several 
years old. With young trees the mulch hardly takes the place of 
cultivation, but the w·iser plan seems to be to keep thL· ~nil \vcll 
cultivated and free of grass and other \\·ccds until the t recs are 
several years old. Then the mulch aids in keeping the soil moi5t 
and in smothering out \reecls \\·hich \\'ould roh the tree nf much of 
rts share of moisture. \\'here prairie or field fires arc likely to 
occur the mulch is a rneuace to trees, \\'hilc clean cultivation is a 
perfect protection. The mulch alJuut trees set in a small hole in 
the soc! will not take H1c place of cultivation in producing o:iatisfac
tory gro\\'th in young trees of any kind. The mulch seems more 
adapted to use in manuring and aiding the older tree, \\·hich i6 
nearly large enough, to so shade the land as to prevent the gro\\·th 
of \\·eecls near it \\·hich \rnuld rob it of moisture. 

Like\\'isc, in the care of stra\\'berries, and such shrub fruits 
as raspberries, currants, etc .. the mulch is doubtless best used as 
an adjunct in between-ru1\· tillag·e. .·\ layer of stra\\. placed 
between the rows in midsummer, after the cultivator has been run 
for t\\'o or three months, will often do the plants much good. 
This plan secures the advantages of the cultivation early in the 
season, when moisture is more abundant and the mulch conserves 
the moisture during the draughtier period, from the middle of 
July until the autumn, that the plants may have a supply of water 
in the autumn and in the spring. 



FORAGE CROPS AT COTEAU FARM. 

W. M. HAYS AND WM. G. SMITH. 

While the main object of field experiment work has been to 
study crop rotation and field management, several minor ex
periments have been carried on. 

MEADOW AND. PASTURE CROPS. 

In Table CXLIX., p. 637, are arranged many facts gathered 
from experiments with a series of plots of grasses and clovers 
tested for many years. These plots were first sown in the spring 
of 1895 to the crop named in column 2. The yields of these crops 
in 1896 are given in column 3. The \\·inter of 1896-97 was severe, 
and all but the hardiest ·were killed out, thus giving a good test of 
the hardiness of the numerous kinds. In column 4 are shown the 
yields of these g-rasscs which endured the winter. In case of 
mixtures of grasses, or grasses and clovers, the yields for 1897 
represent only those grasses in each mixture which are shO\vn te 
have been hardy in the plots in which they ,,·ere grown sep
arately. 

Many plots were plowed up in the summer of 1896 because 
no stand had been secured. Others in which the plants had died 
in the severe winter of 1896-97, \\'ere plowed in the spring , 
of 1897. These were planted in the spring of 1897 to the crops 
entered in column 5. In column 6 are given yields for 1898, 
and in column 7 are given the elates in spring when the various 
plots first had herbage sufficiently large for pasturage. The re
sults given in this table arc characteristic of plot tests of grasses 
at University Farm and at various other experiment stations in 
the prairie west. The reall;.' valuable meadow and pasture plants 
are unfortunately few in number. Bromus inermis is really the 
only new grass the merits of which have been proven. 



FORAGE CROPS AT COTEAl. FAI~:\1. ( 
.. ,_ 
).)j 

TABLE CXLIX. Gra.sses-Va.rieties and Mixtures for 1806-7-8. 
Coteau Farm . 

..... ·1 00 ;;:;z 
<(1) 

1 Bromus Inermis and 
clover 12 in. drills 1. 20 

(2) (3) I (4) 

2 Red clo. & orchard plowed 
grass 24 in. drills up 

.3 Red clo. & orchard plowed 
grass 12 in. drills up 

4 Red clo & tim drills 
24 in. apart.............. 2.13 

-0 Reel clo & tim drills 
12 in. apart.............. 1.62 

~ 1
Sacaline 
I 

7 Lathyms syh·estris 

plowed 
up 

plowed 
up 

8 Alfalfa20!b ............... poor 
stand 

9 " 301b ·············· 2.72 
10 Red clo. 24 in. drills poor 

stand 

11 
1.2 

13 

1.4 

15 
16 

17 

18 

19 

20 

21 

22 
23 

24 

" 12 " 
Tim. 8!b Red do. 6\ 

lb Hroadcast ..... . 
Tim. 81b Red fop 61ti 

Reel clover 31h ..... 
Tim. Sib Red clo.31b 
crimson clo. 3tb ....... . 
Bromus Inermis ..... .. 
Br. I nermis lO!b Or-

chard grass 141b 
Orchard grass 20lh 

Reel clover 41b .... 
White clover 31h 

Tim. 61b. Ky. Blue 
Grass Rib Alsike 3th 
Tim Sib red clo 31b 

mammoth clo 3th .. 
Tim. Sib red clo. 31b 

Als;ke 31b ............ . 
Tim. 8th red clo 8th 
~y. Blne Grass 121b. 

Orchard grass 141b 
Tim 51b red clo. 31b 

1.45 

1.63 
2.32 

1.SS 

2.4S 

2.17 

2.52 

2.65 

1.S7 

Alsike l/21b................ 1.30 
Bromus 15!b white 
clo.112 lb .................... . 
Ky Blue Grass 71b Al· fair 
sike 1/olb ........ .. .. ... .... s land' 

poor 
25 Tall oat grass 2Slh.. stand 
26 Meadow foxtail241b 
27 Timothy lllb........... 1.34 
28 Crimson cloYer ....... no stand 
29 "Sib .... . 
30 Wbite clover Rib ...... pastured 
31 Alsike " 4!b...... .. " 

fair 
32 Mammoth clover.... stand 
83 Red clover Sib.......... O.S2 
34 Fowl meadow grass poor 

201b.................... stand 
35 Ky. Blue Grass 30th. 1.17 
36 Red top 121h ........... 

1 

2.02 

poor 
37 Orchard grass.......... stanrl 

pastur'd 

0 .84 

1.00 
0.91 

.80 

1.10 

1.46 

1.30 
1.13 

I 
(5) I (6) (7) 

3.2 l\Iay:s 

Native rye grass 20111 2.8 June 1 

Sumtncr Fallowed ... 

Timothy 5 lbs., red 
clover 4 lbs ......... . 

\

'Brom us 10 lbs., Ky. 
Blue Grass t 0 I bs. 

Timothy 7 lbs., Red 
, clover 5 lbs ........ . 
Bromus 20 lbs ......... . 
Summer fallowtd 

Bromus 2011) ........... . 
Red clover 51b ......... . 
Tim. i;lb red clo. 31b 

Mam. clo.3th ..... . 
Summer fallowed 

Summer fallowed 

IT'.m. Sib, red clo. 5th 

Tnnothy ................. . 

Mcado\v Fe~cue 20tt1 
Red top 8!t1 .......•.••••• 

Orcherrl grass 20 lb .. 

Brom1·s Inern1is 2Gtb 

Alsike clover 4th ...... . 
Red clover 71b ......... . 

Mammoth clover 7th 
White clover 3th ...... . 
Summer fallowed 

II " 

Alfalfa 251b ... 

Redclo. 51h Tim. 61b 
Ky. Blue Grass 20lh 

1.78 June 1 

1.54 June 4 

1.39 
1.97 June 4 

1.98 

May 25 

{
2501h} 

per May 25 
acre 

1."98 June 5 

2.45 1 

2.29 May 2S 

2.36 25 
1.97 ii 

!1.47 

3.43 

1.96 
2.02 

2.27 

1.18 

1.35 

15 

June 5 
.. 1 

May 20 
June 10 

" 15 

May 15 

23 

39 8yr old Timothy sod 1.27 10 yr. olrl tim. sod ... 
3S ,Timothy 11 lb ........... , 11.00 

1.42 

1.50 

June 1 
May2S 

.. 25 

40 ~i~r ~~~ ~~·d··~l~~-~-r-·&_·· ______ 2_.o_o ___ _ 
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ANNUAL PASTURE CROPS FOR STEERS. 

Table CL. gives data of several preliminary experiments 
in pasturing annual crops; Cl!t Coteau Farm in 1896. The rela
tive yiel<is of the several crops are surprising. Such crops as 
sorghum, oats, oats and rape, and the non-saccharine sorghums 
which sprout up fmrn the crown and make a second growth of 
pasturage support steers longer than field peas or field com, 
which do not again sprout up \Vhen eaten off. These figures 
are not given as averages. Other facts, such a:1 the value of 
each crop in preparing soil for succeecliug crops, in adding nitro
gen to worn soils, rheapness of seeding, etc., are left for a future 
report. Rapid progress is being made in leaaing how to make 
and use pastures for the two very important purposes of feed
ing animals and preparing the land for grain and other crops. 

TABLE CL. -Annual Pasture Crops for Cattle. Coteau Farm 1896. 

Crops 

I 
No. 1~ize nfplotl_D_a_y_s~p~a_st_u_r_e_djTot~I daysl Days one 
of 111 i I I pastured acre would 

steers rods 1· .1st t~nd on plot keep one steer 
time 

1 
ime I 

Amber Cane 2 18 x £P12 33 

... ~~ ..... ! 52 97 

Field Corn 1 5:Vix f)l1'f? 20 20 59 

Bro\vn Dhoura 1 3xCJY, 7 6 13 80 

J erusalen1 Corn 1 3x9~,2 7 I 6 13 80 

Oats 1 3x71/2 7 8 15 106 

Peas 1 3x9'/ol 7 1 8 45 

Millet' 1 3x9V2 10 6 16 90 

Oats and Rape 1 3x9~,~ 7 7 14. 80 

Oats and Peas 1 3x7'h 7 2 9 64 

At Coteau Farm a special effort is being made to deter
mine the relative values of the different annual and rotation pas
tures or forage crops and prepare the land for grain and other 
crops which follow the pasture. 

NoTE.-Much effort has been expen<lc<l at University Farm and at the sub·ex~ 
peritnent fanns to devise methods of experimentation for gaining a better kno\vl
edge of field tnanagement in Minnesota. Much trouble has heen tnet in devising a 
way ofm~asuring the values of pasturage. Mere dry matter determinations of 
past11rage crops are useful, but to secure the value p:>r acr c of pasturage of various 
crops and pasture tnixtures it must be fed in the natural \Vay. To secure a knowl
edge of the value to succeeding cr.1ps from the rotation pasture, the pasturing 
inust be done in the ordinary '\.Vay in the rotation. Numerous methods have been 
tried with sheep, with cattle tethered, and eatt'e enelosed in fences. After much 
failure and some success a good working plan has been devised and is now in oper
ation on tnany plots,-ratller large plots, one-third acre to one acre, or even larger, 
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Jn Tal;le CL p, CcJ I, are recorded the re:;ult of 
at Coteau Farm in 1898 cm pluls to a SllCCCSSlOll of 

annual crups. These <:rups \1·c'.rc suwn, 
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their effect on the amount of moisture ai;cl fertility left in the soii 
for the crop of wheat following. The value of pasturing the 
Janel in this manner, as compared with growing other crops for 

of plowing them nncler as green manure, as shown 
of the sncceecling crop of wheat, was also under 
The tal>le shmYs the large nurnl>er of sheep kept 

by each crop, aml the superiority of the succession of 
Plot 12. The plots were all in duplicate. Care was 

all crops sown in summer rather deep with a. 

per acre 
crops 111 

taken to 
shoe drill. 

Fig. 266, -Plo\Ying under tle1L1 peas as green n1annre on plot 1Jeside another 
plot \Vhich \YUS J)la,,nted to silnilar crup and pastured. 

VVinter rye makes a good crop of very early pasturage. 
Peas sown late in the season clo not thrive in our dry, hot sum
mers, while corn, for the second planting, makes a large yield 
of sheep pasturage. Three, or even annual pasture crops 
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TABLE CLI.-Sheep Pasturing on Summer :!3'orage Crops. 
Coteau Farm, 1898. 

ci 
z Crop Date: No. of Size or 
.µ Pastured Sheep Plot 0 

~ 

30 l" 2 (j(.101 
., 

uuo j 1 D50 

·1 l ~ 4.[j() 

1 t)[)() 

(Peas J Ullt 1 G 3(J lj_I, Acn: 2 GUil \ 
I 
J Peas Aug.10 ] l/: 4GU 1{3GO 

l OcL 5 clOOJ 

::-.::oTE.-Tbis taLle shows the number of 
\vith the t\VO systems of cropping Lo annual 

one acre will feed one: mheep 

Fig. 267 .-Seeding pasture and green 1nanurec-1 }Jlots to n.qJe-thc thhd crop 
of ihe sea.sun. 

grown ll1 one season, that the Janel be plowed two 

or three times, cleaned the Janel of \\·ilcl roses and many other 

weeds. The land was made more and in of the fact 
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that these crops drew large quantities of water from the 
soil it is believed that the increased absorbing power of the 
soil cansed more water to be conserved for the crop of wheat 
the next year. started from suggestions arising 
from this and running through a series of years, are 
now nnclu 11·ay at Coteau Farm. 
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\\' .'.\l. G. S.'.\llTH. 

A senes of plots 
the spring of 
and have 
growing shelter belts in 
of plots is on a 
now 

A double-row willow 

tu forc:st trees at Coteau Farm in 
present a most attractive appearance 

many \·isitors to take courage in 
Southwestern :\Iinnesota. ]'bis series 

nonh of an old cotton wood grove 
trees. 

fifteen years old the new 
plantation on the son th and west, and a new duuhle-row 
of willows was 011 its north border. 

The protection afforded the willows has made it 
to groy1: some deciduous and evergreen trees here which failed 
when planted in an sontlmest of the farmstead. 
The drying scmthwest winds of and the cold 
ing winds of \\·inter when the soil is not covered with 
snow are very un many trees, \Yhile willows enclrire these 
severe conditions ancl may be gro\vn to shelter those which must 
be planted where have some A second element 
in the successful of this forest belt of mixed has 
been constant summer cultivation among- the trees. The rows 
were planted several feet apart ancl the cultivation \vith horse 
and hand hoes has been so tlwrough as to have a dust 
blanket and to keep all \1·eecls from This has avoided 
loss of moisture throug-h 1veecls and through the surface of the 
soil, conserving nearly all the rainfall for the use of the trees. 
The growth in five years has been so rapid that visitors are al
\vays surprised that such a large windbreak can be in 
so short a time. 
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The more intelligent farmers who visit this forest see the cause 
of its great success and go away with the mental attitude 
of "let us go and clo likewise." There arc already signs of re
newed forest interest in this section and scYcral thousand willow 
cuttings have been distributed from Coteau Farm. The fruit 
trees, especially the plums, are yielding immense quantities of 
large, luscious fruits in the forest, while the same varieties 
near by, but less protected, give smaller yields of poorer 
quality. It docs not take a lifetime to grow a protection. The 
four-year-old willow hedge already stands fifteen feet high, and 
willow cuttings arc so easily put in the soil and so easily cared 
for with a horse cultivator that there is but little excuse for a 
man to spend his life farming on the wind-swept prairies without 
a beautiful grove about his home. Intercourse with farmers 
who had spent much money and energy trying to get trees to 
grow, only to meet with failure, revealed the fact that they 
had not recognized the necessity of growing a protective hedge 
.of willmvs or some eqi1ally quick growing· trees, and had neg
lected to prepare the land well and properly and to cultivate 
the young trees. 

To Supt. 0. C. Gregg is due the credit of emphasizing the 
necessity of a protective hedge of quick growing trees like the 
willows and ·the caragana within which rt:o plant the slower 
growing deciduous trees and the evergreens; also the need of 
thorough cultivation. To Prof. Green is due the selection of the 
varieties, and to Prof. Hays the arrangement of a system of 
plots with a view to determining the mixtures that give the 
best possible forest conditions of a shelter bdt. 
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SUMMARY AND PRACTICAL NOTES ON COTEAU 

FARM EXPERIMENTS. 

1. The roots of field crops are much longer, spread 
farther, and penetrate deeper than is generally believed, 
being four to six feet long, or longer. 

2. How the water is absorbed by the soil, how it 
moves about in the soil, how it is evaporated from the sur
face, and how it is removed from the soil by growing crops, 
are illustrated. 

3. Decaying plant substances mixed into the soil enable 
it to hold more water, and aid crops to better endure both 
drought and excessive rainfall. 

4. Prof. Milton Whitney's electrical device for daily 
recording the moisture of soils was most satisfactory, 
greatly aiding in studying field management. 

5. Practical methods of recording the value of pastures 
in using steers and sheep on experiment plots are reported. 

6. That crops remove a very large amount of water 
from the soil is demonstrated in the field: wheat removing 
523 tons per acre from the upper two feet of tsoil, or 261 
pounds for each pound of dry matter of crop grown. 

7. Weeds in a dry country waste enormous quantities 
of water, each pound of weeds reducing the growth of corn 
by two pounds. Clean farming conserves moisture for the 
useful plants, and useful plants produce more bulk as well 
as more value from a given amount of available moisture. 

8. Subsurface packing in fall and in spring-plowed land 
had little effect in conserving soil moisture in or below the 
furrow slice, added only two-tenths of a bushel per acre to 
the yield of wheat in ten trials, and was not financially 
profitable. 

9. Subsoiling probably increases the amount of water 
in the deeper subsoil, but decreases it in the furrow slice and 
upper zone of subsoil, thus often lessening the yields of 
grains, cultivated crops and root crops, in a drouthy country. 
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10. Sowing \Vheat or other spring grain on u11pluwcd 
stubble land results in lessened yields, because the compact 
soil does not conserve moisture as well as the plowed fur
row slice, and because more weeds grow, using moisture, 
plant food and room. 

11. Plowing opens the surface of the ground so that 
rainwater can more readily enter; and the furro\\' slice in a 
dry climate, being loose and open, forms a most effective 
dirt mulch, retarding the flow of water to the surface, thus 
lessening evaporation and the waste of soil moisture. 

12. Drilled grain usually yields better than broadcasted 
grain, and the shoe drill and disk drill have now been so 
perfected that they are adapted to nearly all conditions; the 
former probably being preferable in regions where the seed 
bed is free of corn stalks, the latter on farms where grains 
follow corn. 

13. \Yhea t drilled about one-half bushel per acre in 
drills 14 ancl 18 inches apart, and cultivated, did not yield 
so well as wheat planted 114 bushels per acre in drills seven 
inches apart and not cultivated. 

14. Ten tons per acre of stable manure increased the 
yield of wheat at Coteau Parm four bushels per acre, but 
decreased the moisture in the furrow slice the first year, in
creasing it the second year for the succeeding crop. Decay
ing vegetable matter has a peculiar value in draughty soils. 

15. Surface cultivation between the rows conserns the 
moisture mainly by pre\-enting the growth of weeds and 
their use ol water; also by serving as a loose mulch of soil 
through which the capillary water cannot readily rise to 
be in contact with the moving air and be eyaporatccl. 

16. A mulch of straw or other material two to five 
inches thick-thickness ad vised in proportion to coarseness
allows the water of an ordinary rain to easily flow through 
it into the soil, but serves as a barrier to evaporation. 

17. Mulching will not take the place of cultivation, but 
will supplement it; as around trees which have been cul ti-
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vated until several years old, and among strawberries and 
small shrubs cultivated until mdsummer and mulched the 
remainder of the season. 

18. Soil moisture is conserved by plowing, which 
loosens the soil to the depth of several inches; by cultiva
ting between the rows, which keeps loose the upper hYo 
inches of soil; by mulching which allows the rain to pene
trate the soil but not leave it; and by having the plowed 
furrow slice cleanly fallow all or part of the year, thus 
avoiding the draJt of growing plants on the soil moisture. 
It is dissipated by growing crops which pump into the air 
enormous amounts of water; by weeds which are pernic
iously active pumps in proportion to the uselessgrowth they 
make, and by leaving the soil compact, allowing capillary 
water to rise to the surface there to evaporate. Soil water 
is precious in a droughty location and weeds are the poor 
farmers most expensive "lazy man's luxury." 

19. Timothy, seven pounds; red clover, six pounds; 
and brome grass, four pounds, is the empir-ical formula now 
ehosen for grass to lie two to three years in the rotation in 
southwestern Minnesota; while to lie three to five years the 
following is chosen: Timothy, seven pounds; red clover, 
six pounds; bro me grass, ten pounds. But the shorter 
rotation is preferred, oftener using grass to prepare the land 
for other crops and securing the best crops of forage while 
the grass sod is young. 

20. For rough, untillable lands the following mixture 
is recommended for permanent pasture: Red clover, three 
pounds; white clover, one pound; timothy, five pounds; 
brome grass, four pounds; Kentucky blue grass, four 
pounds. On pastures with sod of native grass, sow only 
half the full amount. Keep all coarse weeds mowed down 
in all pastures, as they waste moisture. Where practicable, 
every other year tear the sod with a disk in early spring and 
sow a mixture of four pounds red clover, one pound white 
clover and four pounds timothy; or, instead of first disking, 
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~eed with disk drill, mixing grass seed with two ])(.'l·ks l\:tts 

per acre to make the grass seed run evenly out of the seed 
box and to furnish oat pasturage. 

21. For peaty and low lands desired for continuous 
meadows the follo,vine- mixture is suaaestecl: Timothv, 

" bb -

:seven pounds; alsike clover, two pounds: red clover, two 
pounds; and where wet, also, red top (solid seed), three 
·pounds per acre. These lands pay best if well drained and 
used for crops in rotation. Where this is not practicable, 
sow with disk drill every other year among the grass the 
following: Red clover, three pounds; alsike, two pounds,
smoothing the land with the harrow after the drill, if neces
sary. If blue grass gets a hold in the hay land, plow after 
baying, raise one or two crops, as of fodder corn, then a 
crop of flax or grain with which to again seed tbe land, 
leaving the sod only as long as it yields heavily. 

22. Preliminary experiments showed that a succession 
of annual pastures fed off by steers was most valuable to 
provide succulent food for cattle, especially in midsummer 
when the wild pastures and those in rotation with other 
·.crops are dry; and this treatment of the land provided un
usually good conditions for the succeeding crop.- After much 
experimenting a thoroughly practical method of conducting 
these pasture experiments has been devised and is being used 
-at the several experiment farms. 

23. The following plans for supplementing the rotation 
and permanent pasture for sheep give a good supply of foods 
very early; during the dry midsummer; and again very late 
-:in the fall: (a) Winter rye, followed by corn drilled GO 

pounds per acre and cultivated, pastured at two feet high, 
.and, where practicable, followed with rape. (b) Winter rye, 
followed by rape, 1 to 1¥2 pounds per acre, in drills and 
·cultivated. (c) Winter rye, followed by sorghum drilled at 
the rate of 20 pounds per acre, cultivated until two feet 
high, and fed off; allowed to sprout up a second time and 
;again fed off. (d) Oats and peas sowed very early, 11;~ bus. 
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each per acre, and fed off from the time of heading untiI 
ripening, leave land fallow for the succeeding crop. This 
adds nitrogen and humus to the soil and conserves the 
rainfall of autumn for the succeeding crop. ( e) Ctilize any 
crops rendered yery poor (as by hail or drought), by pas
turing to sheep before plowing; thus aiding the sheep to do 
well in midsummer and securing finer conditions of soil for 
the succeeding crop than by han'esting a profitless, weedy 
crop, and thus, by allowing weed seeds to ripen, placing a 
heavy natural mortgage on the next year's yields. 

The lack of faith in sheep among the farmers of the 
middle west, as shown by the small numbers kept, is not 
folly justified. These animals, by ridding the farm of weeds 
itvhich would consume immense quantities of woter, and hy 
requiring cultivated pasture crops and rotation pasture 
and meadow crops, do a great service in preparing the soil 
for crops of grain and forage, for which they haYe been 
given only partial credit. All classes of live stock arc mighty 
factors in field management, lessening weeds and greatly 
increasing the yields of all crops. Sheep are easily chiefest of 
all classes of stock as aids in the eradication of weeds, in 
conserving soil moisture, and in building up the fertility of 
the soils in our fields. 

24. That shelter belts can be grown more rapidly, more 
easily, and of far greater utility and beauty than most 
people living in south-western :Vlinnesota believe, is ad
mitted by every one '"ho inspects the experiments in groye
making at Coteau Farm. 

2.'.5. A new series of plot experiments dealing with many 
of the questions m1::ntioned above is under way. The main 
effort is to find which crops best prepare the land for each other 
crop, so as to determine in what order of succession the best 
paying crops should follow in the rotation, and what com
binations of crops best serve the farmer with given condi 
ditions of climate, soil, stock, labor, etc. Mr. Gregg is 
dividing his large farm ~y permanent fences into 15 or more 



fields, and a plan for farming each of tLcsc is nearly com
pleted. The main products are sheep pasturage; grain for 
feed and sale; and cured roughage for a large flock of sheep 
and for a herd of dairy cows. 

', - ' 



The Northwest Experiment Farm of the University of 
Minnesota was provided for by the legislature of 1895. The
site was chosen by the agricultural committee of the board of 
regents, and Prof. Hays, who had made a study of the agri
cukural conditions of the northern half of the state. This farm 
is located a mile north of Crookston, and consists of 480 acres. 
of nearly level land, similar to much of the land of the valley 
of the Reel River of the North. The farm was donated to the
Experiment Station for experimental purposes by President 
J. J. Hill, of the Great Northern Railroad. The city of 
Crookston and the county of Polk added to this magnificent 
gift the sum of $z,ooo, to aid in draining and developing the
farm, most of which was flat and subject to flooding by water 
from adjoining lands. The board of regents approved of the
selection, and in June, 1895, the state acquired title to the prop
erty, and \vork was begun early in July. J\Ir. T. A. Hoverstacl, a 
graduate of the School and College of Agriculture, was placed 
in charge of the work. 

The only cultivated land in the tract was about fifty acres, 
\vhich had been broken, cropped and filled with mustard and 
other weeds by trespassers. More land, aggregating at pres
ent 300 acres, was broken, pastures were fenced, roads and drains. 
were made, buildings erected, and a fair amount of modern 
farm machinery was secured, in part by donation from manu
facturers. 

In the spring of 1896 the rainfall was so constant and ex
cessive that the season for planting grain crops had practically 
passed before the seed could be planted. The experiments with 
varieties of field crops, with methods of cultivation, and with 
the forestry and horticultural crops were sadly interfered with 
by this excessive rainfall. On the other hand, the gras.ses 



and clovers which were planted to produce pastures and meadows 
made most excellent growth, demonstrating that in seasons too 
wet for grain the grasses for live stock food will thrive. The 
fact that diversified farming results in some good crops dur
ing the years which may prove entirely disastrous to the grain 
farmer was demonstrated by the adverse conditions. 

The wet springtime likewise proved disastrous to part of 
the horticultural and forestry plantations. In 1897 the fields 
were in fine condition, the absence of crops the previous sea
son having resulted in much of the land being summer fallowed . 

. All crops were successfully grown until nearly time for grain 
harvest, when excessive sum·rner rains nearly ruined the wheat 
and oats. These moist years gave excellent conditions for 
grass and other forage crops, and good stands of experimental 
meadow and pasturage, so successfully started the previous year, 
made fine yields of forage, as shown by the reports embodied 
in this bulletin prepared by Superintendent Hoverstad. 

To the other disasters was added the destruction by fire, 
caused by lightning, of the barn, with several horses and a 
larger part of the collection of farm tools and conveyances, 
the total loss being abou'- $6,ooo. Plans somewhat similar to 
those used in building the first barn were quickly made, and a 
new barn was constructed for the $3,000 received from the 
St. Paul Fire & Marine Insurance Company on the one de
stroyed. 

The experimental results for 1897 were better than those 
for 1896, but between the rain and the fire their value was 
greatly lessened. The forestry and garden trials were satis
factory, and the crops of hay, pasturage, etc., were excellent. In 
1898 and 1899 the farm was more prosperous than in previous 
years, and the work is now at least fairly inaugurated. 

In co-operation with Prof. Hays, Superintendent Hoverstad 
is experimenting with crop rotations and methods of farm 
management, testing varieties of wheat, oats, barley, flax and 
grasses. He is becoming acquainted with the people of the 
northwestern part of the state, who are alive to new methods, 

5 



and ha~ 1JcT1~ i11 dc111a11d for addresses. He has also written sev

eral articles for the prc:ss on Reel River Valley farming. His 
experiments relating to the protection of the farm home by 
forests, how to grow vegetables and small fruits, how to manage 
stock,-all under the conditions of the wind-swept, level prairies 
of the Reel River Valley,-are making him a valuable teacher 
of farm operations. 

fliore money is neeclecl for buildings, drainage, fencing and 
good specimens of live stock, and especially to pay for experi
ments in the fields. \;vhile there is an income from the sale 
of farm products, this cannot be sufficient to carry on experi
ments which ought to be undertaken in the interest of the farm
ers of the Red River Valley. Farm experimentation, like the 
invention and perfection of machinery, requires money to pay 
for things which prove failures as well as for those that prove 
of value. 

Mr. Hoverstad is anxious to be in communication and close 
touch with those who are in need of assistance in their agricul
tural pursuits. Better service can be rendered to those for 
whose benefit the station was established, and it will also be help
ful in planning experiments. The closer the union between the 
farmer and the Experiment Farm, the more valuable work will 
be done. Visits to the farm are most cordially invited at all 
times. 

WILLIAM M. LIGGETT, 
Director. 



• NORTHWEST EXPERIMENT FARM. 

T. A. HOVERSTAD. 

It is the intention of the Nor.thwest Experiment Farm to 
publish from time to time reports showing the results of the ex
periments there and the progress of the work. In publishing 
this, the first, report, we are conscious of the fact that many 
of the results published will not b~ final, but are likely to 
be modified as new conditions in future years may influence 

them. 
The agricultural conditions of the Red River Valley are 

peculiar, and differ from those of any other portion of the state. 
The soil is of exceptional fertility. The surface is an alluvium 
deposit, with a subsoil of clay that is almost impervious to water. 
In most places there is very little sand. The soil is capable 
of retaining moisture to a remarkable degree if properly cul
tivated. The land is very lenl, the fall being from a few inches 
to a few feet' per mile, and natural drainage is not the best. 
However, artificial surface draining may be cheaply provided, 
so that at least the surface water may be rapidly carried a1Yay. 
A careful plan of drainage has been devised, and experiments 
have proven the plan practical. The completion of this drain
age system will probably go further than anything else towards 
developing the country and putting agriculture on a safe basis. 
The soil is capable of producing a great variety of products, and 
of very high quality. Vegetables, grains, forage crops, ~rasses, 
roots, small fruits, some tree fruits, forest trees, shrubs, and 
flowers can be grown in great abundance. For some crops, like 
corn, melons, etc., the season is somewhat short, but during the 
growing season plant growth is very rapid. This is probably 
due to the very long clays during the summer season. The 
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rapid plant development largely compensates for the shorter sea
sons. The climate is heal~hful and invigorating. The sky is 
clear most of the time, so that crops are easily cured. The ease 
with which a field could be worked, the fact that good crops 
were very sure while the land was new, prices high, and ready ' 
market at hand, early developed the single-crop system through
out the valley. 

To criticise the prese!1t practice would be unjust. Many 
could not have clone otherwise. A large majority of the farmers 
have done exceedingly well under the circumstances. A wise plan 
for the farmer is to continue in the practice which has proven a 
success with him. Changes from one system of farming to an

other should be gradual. The time is probably now ripe for a 
gradual deviation from the single-crop system to one more 
varied. The change should begin by introducing live stock. 
This is the most natural starting point, and the safest. The 
time required to change from wheat growing to live stock farm
ing depends on one's means and one's skill as a stockman. If a 

man has both money and experience, buying the live stock im
mediately and commencing to feed need not occupy much time. 
If the money is not at hand and the experience limited, he must 
go slowly. He should begin with the stock which requires the 
least capital to purchase. Commencing with poultry, it will 
not take long to gather a large flock. They can be supported 
largely on the by-products which might otherwise be wasted. 
They will help to save very much of the outlay that formerly 
went to the grocer and butcher. 

A flock of sheep can be purchased for a small expenditure. 
They will make good use of the very cheap foods on the farm, 
and often destroy harmful weeds. They will decrease the cost 
of living, and will help to produce money for the further ex
tensio9 of the live stock business. 

The same principal facts are true to some extent in regard 
to swine. To commence with cattle, more capital is required, 
and the progress is not so rapid. By "growing" into the busi
ness, instead of "going" into it, the farmer will learn the care 
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and nfanagement while the herds and flocks are being built up. 
The subject of shelter is a great problem in a new country. 

Good barns are expensive and few farmers can afford to erect 
the buildings they would like to have. Stables for shelter, to be 
used only for a few years, need not be costly. Walls made of 
two thicknesses of cheap boards, packed with hay, flax straw, or 
other cheap material, can be made warm. Poles may be sub
stituted for the boards, but the walls must then be made thicker. 
The rcof can be ·made of straw, thatched with rye straw or marsh 
hay, provided enough material is put on to keep the heat from 
escapmg. Such shelter is the only one used on the Experiment 
Farm at the present time for cattle, sheep and poultry. These 
cheap barns can be made light, warm, dry, and well ventilated. 
There is nothing in the way of comfort for the animals that 
cannot be provided in these barns. They cannot al ways be made 
models of convenience, and their appearance may not be in 
their favor in comparison with frame barns. 

The farm being stocked, the change in crops must follow. 
Pastures must be provided. A part of the land ·must be Sl't 

aside for meadow to produce hay for winter feeding. A great
er yariety of grain must be grown. Corn for fodder and for 
grain should be raised as an economical feed for all classes of 
cattle and horses. This will necessitate the cultivation of a 
part of the land, thereby reducing the number of \weds and im
proving the soil. This rotation of grains, grasses, and culti
vated crops in connection with the live stock is the safest sys
tem for the farmers of the Reel River Valley to adopt. By this 
system the fertility of the land is not exhausted, the weeds are 
kept in check, a larger variety of crops is raised, and the farmer 
assumes less risk. The extreme high wages at one season, and 
the inability to furnish employment at another, would thus be 
avoided. This will help to destroy a system which is undesira
ble to both employer and employed, and certainly very demoral

izing to the employes of the country. The migratory laborer 
would be replaced by the permanent one, who would make his 
home in one place rather than change it with the seasons. 
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Another thing that must not be overlooked is the farm 
operations. The farmstead must be beautified and made to bring 
comfort as well as financial returns. Vegetables can be made 
to g1 ow in abundance, and of excellent quality. Small fruit can, 
with some care, be made to produce good crops. These can 
be grown cheaply, and need occupy only a very s·mall area of 
ground. A better table and the reduction of living expenses 
fully justify both the vegetable and small fruit gardens. There 
are enough hardy trees, shrubs, flowers, etc., from which to se
lect for protection against storms and for ornamenting the home. 
To make the home comfortable, pleasant, and beautiful is one of 
the first thoughts that should occupy the mind of the farmer. 

FIELD CROPS. 

The effort at Northwest Experiment Farm is to secure the 
best available varieties of the different grain and forage crops. 
This work is clone in co-operation with Prof. W. M. Hays, who 
supplies from University Farm the varieties which ·there prove 
best among very large numbers secured from all parts of the 
world, or originated in his extensive breeding experiments. He 
is co-operating with the National Department of Agriculture in 
introducing into Minnesota grain and forage crops from similar 
climates in foreign countries, and has inaugurated a general 
method of distributing them, and also those originated by the 
Experiment Station, to the farmers of the state. The work al
ready clone with wheat, corn, oats, barley, flax, field peas, tim
othy, bromus, and other plants leads to the belief that mud1 
good will come to this valley, as well as other parts of the state, 
from this work of introducing and breeding better varieties of 
our staple crops. This experiment farm will naturally take a 
prominent part in the effort to find which of these varieites is 
best suited to the conditions of Red River Valley farms. In 
some . cases, as with varieties of corn and some of the new 
grasses, part of the breeding must be clone here, to adapt the 
varieties to the conditions of climate, soils, and the methods of 
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farming practiced here. Limited quantities of a few of the 

more promising varieties of grains have been sold from North
west Experiment Farm, though raising seeds on land subject 

to flooding is by no means an easy undertaking, since the seeds of 
varieties are floated from one field to another. When the larger 

drains are completed this difficulty will be surmounted. 
The Experiment Station has adopted the plan of using 

numbers for designating all stocks of field crops which it intro
duces or originates on any of the several experiment farms. 
Newly originated varieties have no names other than the num
bers, which are written as follows: "Minn. No. 163 Wheat;" 
"Minn. No. l 3 Corn;" etc. 

In this report the yields only are given. For the history 
ancl general characteristics of the varieties mentioned in the fol
lowing tables, the reader is referred to Minn. Bulletins Nos. 40, 

46, 50 and 62. The yields so far have been abnormally low, be
cause of unusually wet years and a lack of drainage. In 1899 
a hailstorm also materially lowered the yields. 

Wheat is used on this farm as the standard crop with which 
to compare other crops and rotations and to test the condition of 
the soil under various methods of treatment, such as plowing, 
tillage, crop rotations, etc. ·while the formal rotation experi

ments have not yet reached the stage for report, yet the very 

great importance of grasses and cultivated crops in the rotation 

to increase the yields of wheat and other grains is clearly shown. 
Live stock to use the forage and part of the grains and by-prod

ucts to advantage is shown to be most important. Since live 

stock is the only means of reducing grass and cultivated crops 
to a ·marketable form, they are very valuable on the grain farm 

to permit the rotations with grasses needed by the wheat. 

WHEAT. 

In tables I. and II. will be found the yields of wheat. Out 
of forty-four varieties tested only the .eleven in Table II. are now 
retained. · 
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TABLE !.-Wheat Variety Tests, Two Years. 

~~I Variety I i~i~i~ I i~i;ii I i~i;ii I AVi~fSe 
-'----~~~~~~~~~~~~~~~-'-~~-;--~~-;.-~~-;.-~~-

6611 Power's Fife .................................................. . 

::: ~~3:.d.~·n··7·1·1·""""""".·"··:::::::::::::::::::::::::::::::::::::::: 
1551New .............................................................. .. 

157 Ne\Y .............................................................. .. 

185 AdYance ......................................................... . 

1881Preston ....................................................... .. 

8.4 

14.8 

20.7 

18.8 

23.0 

10.8 

20.0 

18.1 

1.5.1 

18.9 

19.9 

20.1 

16.0 

19.3 

13.2 

14.9 

19.8 

19.3 

21.5 

13.4 

19.6 

Minn. Nos. 163 and 165 have been sold to some extent for 
seed. These have proven to be good yielders, produce flour of 
good quality, ordinarily do not lodge, do not shell out easily, and 
withstand plant disease as well as any known varieties. The yield 
for 1898 is the average of two trials on different fields. One 
and one-eighth bushels per acre have been sown with shoe drills 
each year. 

TABLE II.-Wheat Variety Tests, Three Years. 

5 ci I I Yield I Yield ~ z ':ariety in '97 in '98 
.<; 

1631New............ .................. .... ............................ 28.3 

165 \Vellman's Fife ............................................. .. 

167 New .............................................................. .. 

rn1~~~ 
294 New .............................................................. . 

295 Blue Stem from C. E. Jackson ..................... .. 

457 Buchanan ...................................................... . 

458 Egyptian Fife ....................... ; ........................ . 

20.2 

19.7 

17.8 

11.8 

18.3 

26.3 

19.0 

17.0 

23.0 

19.7 

21.4 

25 5 

26.2 

22.5 

24.5 

26.8 

21.5 

23.9 

26.4 

20.9 

23.8 

I Yield 
in'99 

13.2 

15.6 

9.5 

10.8 

12.0 

13.3 

13.8 

10.2 

10.3 

9.0 

11.8 

I Average 
Yield 

20 9 

20.4 

18.4 

17.0 

16.1 

Hl.4 

20.5 

17.7 

17.9 

17.6 

18.4 
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oxrs. 

Twenty-five varieties of oats have been tried during the past 
three years, and their yields are tabulated in Tables III. and IV. 
Two bushels per acre have been sown with the shoe drill. Minn. 
Nos. 35 and 230 have been raised in large quantities for feed 
and seed, and have proven very satisfactory. No. 26 has proven 
a very good yielder at several stations, and it is the intention to 
increase the supply so it can be sold for seed. Minn. No. 196 
matured nearly two weeks earlier than the rest, but was dis
carded owing to poor yield and inferior quality. All the varie
ties retained have shown marked power of rust resistance dur
ing the past three seasons. So long as oats remain such a valu
able article for food, they are likely to be one of our important 
crops. No crop \Yas raised in 1896, owing to the excessive 
rams Ill early spring. 

TABLE III.-Oats Variety Tests, Two Years. 

Variety 

I 
Yield I Yield I Yield 1

1 

Average 
in '97 in '98 in '99 Yield 

I 

4 Early Swedish .............................................. . 

30 Imp. White Russian ................................. , .... . 

192 ...................................................................... . 

193 ...................................................................... . 

194 ······································································· 

195 ············ ........................................................ . 

197 ...................................................................... . 

198 ...................................................................... . 

199 ..................................................................... .. 

200 ................. ············· ...................................... . 

201 ................................. , .................................... . 

44.4 

46.6 

50.3 

57.5 

51.6 

41.6 

57.5 

55.0 

47.2 

30.3 

82.8 

209 ....................................................................... ............ 49.4 

211 ........................................................................ ............ 42.9 

36 Giant Side....................................................... 45.6 57.9 

196 .............................. ......................................... 48.1 40.6 

230 Red River Oats............................................... 62.9 58.4 

44.4 

46.6 

50.3 

57.5 

51.6 

41.6 

57.5 

55.0 

47.2 

30.3 

32.8 

49.4 

42.9 

51.7 

44..3 

48.8 
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TABLE IV.-Oats Variety Tests. Three Trials. 

Variety 

6 IImproved Ligowa ........................................ .. 

23 Lincoln ............ , ............................................. . 

26 Early Gothland ............................................ . 

29 Archangel ..................................................... .. 

32 White Wonder .............................................. . 

35 ..................................................................... . 

64 Black Russian ............................................... . 

:::1 

BARLEY. 

I 
Yield \ Yield \ Yield \Average 
in '97 in '98 in '99 Yield 

57.9 

59.1 

75.6 

47.6 

62.2 

61.9 

62.2 

93.1 

32.S 

58.4 

69.2 

66.7 

60.9 

61.S 

62.8 

65.6 

61.5 

63.1 

38.3 

41.9 

42.0 

40.2 

44.7 

38.4 

45 9 

43.8 

45.3 

51.5 

56.7 

61.4 

49.5 

56.2 

54.3 

57.9 

66.1 

47.1 

The necessity of growing barley m a country where corn 
matures ·with uncertainty is manifest. It is also a valuable grain 
in seasons when early spring rains delay seeding until it is too 
late for sowing wheat. 

Table N'o. V. shows the yield of the barley raised during the 
past two seasons. The crop of 1899 was sown in duplicate, so 
the yield reported is the average of two trials. This crop was 
very seriously damaged by hail, as it was nearly mature when the 
storm occurred. How much damage was done cannot be esti
mated. It seemed, however, that all the ·varieties were injured 
alike, so the yields are considered comparable. Several varieties 
of barley were sown in 1896 and 1897, but owing to the heavy 
rains they were injured so seriously that no record of any 
value could be reported. 
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TABLE V.-Barley Variety Tests, Two Years. 

i:i ·1 "0 
;iZ I 

Yield I Yield I Averag~\ No .. of 
in '98 in '99 Yield Trials 

Vmiety 

6 .\1anshury ...................................................... . 

7 Champion of Vermont .................................. . 

15 French Chevalier .......................................... . 

~:1::::::~-.-~:::::·:.-.· .............................. ::::::::::::::::::::::::::::::: 
1::1::::::·~~~-~~:::::::::::::.::::.::::::::::::::::::::::::::::::: 

FLAX. 

40 4 

36.2 

37.1 

36.2 

34.8 

32.9 

42.1 

15.3 

20 7 

21.3 

22.6 

20.7 

20.3 

21.4 

27.8 

28.4 

29.2 

29.4 

27.7 

26.6 

31.7 

2 

2 

2 

2 

2 

2 

2 

Efforts at testing varieties of flax have been so unsatis
factory that no tabulated results of yields can be ·offered. Flax 
is very sensitive to alkali in the soil, and, the field used in 1898 
being slightly spotted with alkali, the yields of the adjacent plots 
of varieties were not co·mparable. Fields of flax have been suc

cessfully grown on freshly broken soil. Since flax is less af

fected by the time of sowing than other grain crops, it may 
sometimes be sown when rains or other causes make it imprac
ticable to plant wheat or oats in seasonable time. Harvesting 
has been found most satisfactory when a platform is built on the 
harvester, in place of the binder. The flax can then be thrown 
<)ff in windrows, with the heads all outward and upward. Flax 
straw will doubtless prove to be more valuable in the future 
than it now is. It is valuable for feed, can be utilized in 
a variety of ways on the farm, and there is a growing prospect 
that the immense quantities of flax straw now annually wasted 
will be used for making fiber, paper and other products. 

BUCKWHEAT. 

Buckwheat has been sown twice, and has grown well, pro
ducing an undue proportion of straw,-a usual result elsewhere 
on rich soils. If this crop can be raised here for seed, so 



GRASSES AND CLO\"ERS. 

'J1at home-grom1 seed will be available, buckwheat promises to 
lie of value to use as a green manure crop and to aid in killing 
rnustard and other weeds. When planted after a first plowing 
in the summer fallow year, and turned under two months later, 
it will not only manure the land, but its rapid and thick growth 
\\·ill greatly aid in smothering weeds. A small plot raised for 
poultry and fed out in the bundle answered a very good pur
pose. 

GRASSES AND CLOVERS. 

The native grasses have never given very satisfactory re
sults on Nortlnvest Experiment Farm. The pasture has sup
ported only a .small amount of stock per acre. Estimating the 
yield of dried hay during the last four years would place it a.t 
half or three-quarters of a ton per acre. This is less than the 
rich lands in the Red River Valley should produce. 

There are two ways of increasing the yield on prairie land: 
( r) By improving the growth of the native grasses; and (2) 
hy breaking up the sod of native grasses and introducing other 
species that are more promising. The native prairie grasses 
are valuable for feed, and the nutritive quality is good, but the 
yield is too low. Top dressing native grass land has been tried, 
but this is impracticable at present, owing to the large area to be 
fertilized and the small amount of available manure'. A better 
\\·ay is to break up the land and introduce new and more produc
ti,·e species in the crop rotation. 

Experiments were begun early (I) to test new species 
and varieties of grasses and clover, to determine their adapta
bility to the Red River Valley, to ascertain their yields, and to 
determine their nutritive quality and longevity; ( 2) to learn the 
best methods for their management and find ibheir place in 
the rotation. 

The first seeding was done on June 20, 1896, when thirteen 
varieties were sown broadcast on one-fifth acre plots without 
nurse crops. The same experiment was repeated, with some· 
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changes, in 1898. The yields are recorded in Table VI. The 
winter of 1896-97 was particularly favorable for the wintering 
of grasses and clovers, while the winter of 1898-99 was quite 
severe, though the wet fall of 1898 put them into the winter 
in good condition. It will be noticed that in both trials the 

a 
Fig. 1.-Slender Wheat Grass. 

clovers have wintered well. Red Top, Brome grass (Bromus 
inermis), Slender Wheat grass ( Agropyrum tenerum), and 
timothy all yielded well, and have proven very worthy of ex
tended trials. Kentucky Blue grass was sown on a few plots. 
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It formed a very thick sod, and would doubtless prove valuable 
fr 1r pasture in seasons with sufficient rainfall, but in dry years 
its yield is light. Bokhara is valued elsewhere for green manure, 
and for this purpose it may prove an important crop here, as it 
p1.,xluces a large growth. Meadow Fescue yielded well in 1896, 
I iut was very seriously damaged the following winter. FOl\Vl 
=--1 eaJm\· grass was sown, but failed to endure the winter. White 
cl11ver formed a good sod the first year, but the plot has since 
licen taken possession of by timothy and clover from the ad
joining plots. Muhlenbcrgia racemosa and lVI. pringlii were 
s1•wn, but failed to make a good stand of plants. Doubtless these 
t\\"O last-named grasses will gro\v better when more attention is 
given them, as they grow well here in the wild state. 

TABLE VI.-Test of Varieties of Grasses. 

Variety 

Con1mon Red Clover ................ . 

Mammoth Red Clover ............. . 

Alsikc Clover ........................... . 

Bro111us Inermis ....................... . 

Agropyrum Tencrum . ............. . 

Timothy ...................•................ 

Rell Top ................................... . 

Alfalfa ..................................... . 

Meadow Fescue ............. ......... . 

Orchard Grass...... .. ............... . 

Canadian Blue Grass .... .......... . 

Ilokhara .................................. . 

Seed 
Per Acre 

Lbs. 

7 

7 I 

Yield 
in '97 

2485 

5070 

Yield in 1899 

~o I With 
Nurse Crop Nurse Crop: 

2872 4862 

5195 4752 

4 • I 2509 ....................................... . 

20 

20 

10 

5 

10 

20 

20 

20 

8 

!·············· ....... 
2982 

3032 

1200 

3006 

BROME GRASS. 

3300 4025 

3975 

3765 

4450 

4715 

3750 

4975 

2400 

2340 

3965 

(Bromus lnermis Fig. 2.) 

The most promising permanent grass so far tested is Bromus 
inermis, commonly called "Brome Grass." It is the first to 
start in the spring among all the grasses tried. It is usuaHy 
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ready for pasturage about three weeks before the native grasses. 
It will also keep green a long time after the native grass is 
withered in the fall. It yields well on drained land, and, so far, 
has been uninjured by our coldest winters. It can be pastured 
close in the fall, as it needs no winter protection. The· seed can 
be sown at almost any time during the summer. Our experi
ence is in favor of spring or early summer sowing. 

Fig. 2.-Bromc Grass. 

In Table VII. are recorded the yields when sown with and 
without nurse crops. The results are in favor of no nurse crops. 
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rccorclecl are all small. This is clue to lack of drain
age on tbc lane! where it was gro\vn. On where drainage 
was the was very Where the Janel was fi.oocled 
for sonic time in the it was very poor. On land poorly 

Fig. 3.-Bru111us. 

drained there may be grasses that \vill yield better. It is recom
mended for meadows and as the whole crop 
or at least a of the grass mixture. 

TABLE XI.-Nurse Crops for Brome Grass. 

Nurse Crop H.atc Sown Yield 

No Crop ............................ . 
Barley ............................... 48 lbs . 

.................................. 28 " 1276 
Oats ................................... 16 " 1519 
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CLOVER. 

There is no crop more needed in the Red River Valley 
than clover. There seems to be a prevalent idea that clover 
will not grow here. In all the trials conducted on this farm 
there has been manifest evidence that clover will not only grow, 
burt grow well. In twenty trials conducted here, common red 
clover has given an average yield of 3,714 pounds per acre. 
The lowest yield recorded is l,955 pounds, and the highest, 
6,025 pounds. The mammoth clover has in five trials yielded 
an average of 4,904 pounds per acre. These yields have all been 
produced under the ordinary system of farming. No special care 
was given to any of them. 

TA.SLE VIII.-Different Nurse Crops for Mammoth Clover. 

Nurse Crop Rate Sown 

No Crop ............................ . 
Wheat.. .............................. 45 lbs. 
Oats ................................... 32 " 
Barley ............................... 48 " 

Yiehl 

5132 
3755 
3750 
4752 

The experience so far indicates that it is wise (I) to 
sow only good clean seed; ( 2) to so·w it in the spring with the 
grain crop at the rate of twelve to fifteen pounds per acre; 
(3) to sow it with a nurse crop that does not shade the 
ground too much; ( 4) to cut the nurse crop so that a long 
stubble will be left to catch the snow during the first winter. 

A good crop cannot be expected more than one season, as 
the clover is only a biennial, after which the land ·must be plowed 
and used for grain. vVhen the land becomes older, and clover 
has been raised on the fields, a smaller amount per acre should be 
sown. In the trials comparing drilling and broadcasting, the 
balance is slightly in favor of the broadcasting. It will be 
remembered that in both 1896 and 1898 there was enough rain 
to give the clover a good start. The broadcasted plots were 
thoroughly harrowed, so the seed was well mixed with the soil. 
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Fig. 4.-Clo\·cr. 

The plan now practiced on :::\ orth west Fann is to 
sow the grain the usual way; then sow the clover seed with the 

grain drill at right to the way the was sown. The 

clover seed more sliallmv than the If 
the drill is not adapted to the grass seed 
thm, a few be retained and 

to aid m the thickness. 

TABLE IX.-Common Red Clover, Drilling vs,; Broadcasting. 

Nurse Crop Rate Sown 

No Crop ........... . 
Wheat ............... 25 lbs. 

" 
" 

50 " 
75 " 

Oats ................. 50 " 
Barley ............... 40 " 
Flax .................. 35 " 
Millet...... .. .. .. .. .. 25 " 

············ 
············ 
············ 
······ ..... 
............ 
............ 
............ 
............ 

Drill eel Broadcash:d 

3790 ......... ~ .. 1955 
5350 , ........... 3215 
3665 ············ 3450 
2800 ..... ...... 2875 
3940 . ........... 3575 
4200 . ........... 5525 
2765 ...... , ..... 5085 
2215 . .......... 36"±0 

Average ....................................... 3591 ............ 3665 
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THICKNESS 01' KGRSE CROl' HJR c U1\TI\. 

In Table No. X. is recorded the result of an experiment 
m sowing different amounts per acre of the nurse crop. A 

-crop sown in a field on June 8, 1898, yielded 6,025 pounds of hay in 
1899. The weeds were c·ut at different times during the sea
son, and in the fall enough clover was allowed to grow up to 
furnish its own protection. While a good yield was obtained 
-in 1899, there was no return from the land in 1898, which might 
have been obtained had a nurse crop been sown. 

TABLE X.-Thickness of Seeding Nurse Crop for Clover. 

Nurse Crop Rate Sown 

Wheat ................................ 25 lbs. 
" ................................ 50 " ,, 

75 " 
No Crop .......................... .. 

Yield 

4282 
3557 
2837 
2872 

From Table XIII. it will be seen that barley was the best 
tmr~<:' crop. In Table XI. the yields of Brome grass wh<>n 
sown with nurse crops are recorded. The plots, however, were 
so often flooded by water that it is difficult to estimate the 
influence on each plot. The main value lies in showing the 
higher yield where no nurse crop was sown. The record of 
the yield where no nurse crop was sown is the average of 
the two sowings. 

TABLE VIL-Different Nurse Crops for Clover. 

Nurse Crop Rate Sown 

No Crop .......................... .. 
Wheat ................................ 50 lbs. 
Oats ................................... 50 " 
Barley ................................ 40 " 
Flax ................................... 35 " 
Millet ................................. 25 " 

Yield 

2872 
3559 
3757 
4862 
3925 
2927 
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TABLE XII.-Gra.sses-Mixtures for Meadows. 

Proportion of each Variety 

Grasses Lbs. Yield 
1897 · I 1898 I 1899 

Per cent. Per cent. Per cent. 
Timotby.... ...... ...... ................... .... ....... 8 } 2400 { 40 9n 85 
Red Clover........................................... 6 60 5 115 
Timothy ............................................. -!:!- '\. 

2275 
{ __ 3_5 ___ 8_5_ --gs-

Mammoth Clover............................... 4 } 65 ·15 5 
Timothy ............................................ -8- _} ___ { __ 3_5_ ~ ~ 
Alsike.... .... ...... .. .... ..... .. .. ... .. . ...... . ..... 3 2350 65 20 60 
Timothy .............................................. -4- }-

1825 
J~--9-5-~ 

Bokhara. ............................. .............. 4 I \. 60 5 60 
Timothy ............................................. _3_ l __ { __ 1_5 ___ 9_4 ___ 8_5_ 

fte~md]~o;:r.~ 1 ~~~.~::::::::::::::::::::·::::::::::: ~ j 
1875 !8 i 18 

Timothy........................... . -8- _} ___ { __ 2_5 ___ 9_5 ___ 9_0_ 
Alsike........................................ .......... 3 1775 15 3 5 
Red Clover............. ............................. 3 60 2 5 

Timothy .............................................. ----g-8 } 2075 f ~5 - -----g-----180 ~5°5 
Bromt1s ............................................... . 
Red Clover............................... ........... 3 85 2 5 
Ti1110thy .............................................. -3-~} { ~ __ 2_5_ ~ 
Bromus................................................ 8 1500 4-0 70 60 
Alsike................................................... 2 20 5 20 
Timothy ............................................ -5- _} ___ { __ 5_0 ___ 8_5 ___ 8_0_ 
Kentucky Blue Gras5t........................... 4 1000 10 10 5 
White Clover..................... ...... ........... 4 40 5 10 
Tiii10thy .............................................. 1-2--~---f ~--7-5-~ 
Broprns.............................. ...... ...... .... 2 1525 10 20 55 
'Yh1te Clover...................... ................ 4 l 35 0 0 
Kentucky Blue Grass........................... 2 J 5 10 15 
Timothy ............................................ -5- _} ___ f ------;;r;- __ 6_5_ ~ 

~r~:'G;;.:~·~::::::::::::::::::::::::::::::: ::::::::::: ~ 1315 l 2g ag 6g 
rl~'~'d~h\~ ·F~-~~""·~::::::::::::::::::::::::::::::::::: T } 1575 { ~ ~ ~ 
Timothy .......................................... ~ _} ___ f ~ __ 9_5_ ---WO-
Meadow Fescne.................................. 3 I 1300 I 0 0 0 
Rerl Top........... .... .. .. .... .. ... ..... 3 l RO 5 0 

SOME 1899 RESULTS. 

Red Clover........................................... 5 '\ 52 5 0 f .............. ! ........................... . 

~;i~r~~t~·:;+ + +~~I~~ 
GRASS MIXTURES. 

Thirteen grass mixtures were sown m June, 1896. The 
yields are reported in Table XII. Three mixtures were sown 
in 1898, which are recorded in the same table. The yields are 
comparatively low, except those of 1899. It will be noticed 
in columns 4, 5, and 6 that the percentage of clover was less 
in 1898 than in 1897, but improved again in 1899. Clover has 
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also spreacl out on adjoining plots. \\'hilc the percentage m 
the table shows an increase in the timothy, it is not due to 
any improvement of the timothy, but to the reduction of the 
other grasses in the mixture. Bronms inermis has in nearly 
all cases improved since it was sown. The results in the case 
of clover \varrant keeping the land in clover only one year 
following the year of seeding. 

TABLE XIII.-Testing Various Nurse Crops tor Timothy and Clover, 

I Rate I Yield I I Rate I Per cent. /Per cent. I Per cent. Nurse Crop Sown Per Grass Per 
Lbs. Acre Acre in '97 in '98 in '99 

Oats ......................... / 11975 

CIOY. 6 Clov. 50 Cloy, 51Clov. 15 

45 Tim. 8 Tim. 50 Tim. 95 Tim. 85 

Barley ...................... r " 40} " 35 2050 8 l " 60 915 85 

{ " 40} " " Wheat ..................... 45 1850 8 60 95 85 

Millet.. ................... { " 40\ 30 1425 8 " 
60) I 

95 85 

No Crop ................... 2400 8 " 60 95 85 

CULTIVATED AND FORAGE CROPS. 

Several cultivated and annual forage crops have been tried 
each year. These crops are valuable when livestock is in
troduced, and for cleaning the land of weed seeds. Much 
valuable food can be obtained by these crops, and they are most 
excellent to prepare the soil for grain. 

CORN. 

Corn is the most important annual forage crop so far tried. 
During· each of the past three years several of the best obtain
able varieties have been planted. The object was to test the 
length of time it takes each to mature for fodder, and also their 
ability to produce fodder, both as to quality and quantity. The 
land being very wet each year during the planting season, the 



674 CGLTIVATED AND FORAGE CROPS. 

sowing of the seed has been postponed until June. While no 
varieties have matured ears, many have nearly done so. In 
case the seed could have been sown in season, doubtless sev
eral of these varieties would have matured. Many of them 
produced a large yield of fodder corn. The yields this year 
with single rows 42 inches apart averaged four to six tons 
air-dried fodder per acre. By heavier seeding the yield could 
have been greatly increased. In Table XIV. are given the results 
for 1898 and 1899. It will be noticed that many of the varieties 
were nearly ripe at harvest, 100 per cent. representing matured 
corn. The seed for fodder corn in northern Minnesota will 
for a while have to be bought. Meanwhile it will be wise for 
the farmers to try to secure corn that will mature early and 
at the same time produce a good yield of fodder. A plot for 
seed can be planted in the garden, and so long as maturing is 
so uncertain this planting should be confined to a smaH area. 
Corn fodder is valuable for all classes of livestock, horses in
cluded. It will be wise to raise this valuable fodder plant 
much more extensively. 

TABLE XIV.-Variety Teet of Corn for Fodder. 

1898 II 1899 

. VARIETY 

He~7ht1Fodderl J..~t· llHe~'j.ht IFodderl cfe';,'"t . 
Stalk Mature Stalk Mature 

Squaw.......................................... 6 60 10 
Smut Nose ......................... :.......... 5 80 10 
Mercer......................................... 5 90 5 
Longfellow.................... .............. 5'h 85 20 
Pride of the North ...................... 6 90 15 
Giant Field................................... 6% 75 25 
Portland Hybrid.......................... 4 75 20 
Minn. No. 159.............................. 3 40 10 
Lommen....................................... 4~2 85 10 
Twedken........................ .............. 4 80 5 
Minn. No. 13.................... ........... 7 95 15 
King Phillip ..................................................................... . 
N. K. & Co. Oak. Dent ....................................................... . 
North Dakota White Flint ................................................. . 
Rustler ............................................................................... . 
Big Squaw ......................................................................... . 
Early Johnson Dent .......................................................... .. 
90 Day Flint ................................................................... .. 
Half Dent ........................................................................... . 
Minn. No. 169 ................................................................... .. 

4 
5% 
6 
4 
7 

50 
80 
95 
65 
97 

80 
95 
85 
70 
95 

·········· ............ ············ 7 90 80 
7 8Cf 80 
4'12 75 95 
7 60 60 
5% 90 70 
5 65 95 
4 60 90 
5 75 85 
7 100 85 
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RAPE. 

For three seasons rape 

all cases been very good, 
has been grown. The has in 

in the or drainage 
injured the rape in 
produced in 

where alkali was m excess 

In one where alkali 

of rape was 

with barn-
manure. The from the a.ppear-

5. from which the 
was taken late m October. No definite ex

have been conducted witli it. One plot of three-

I-<~ig. 5.--·Hapc- Gnnx,·n i11 18U8. 

fifths of an acre was sown in i 898 beside a similar sized of 
The were on these all sum-

mer, with good results. The rape may 1Je sown any time from 
early s;pring to midsummer on any well alkali-free 
soil. It will resist the frost in the fall much better than any 
other forage plant tried. These 
in drills 30 inches apart. For pasturage, 
with the ordinary grain drill will prove Rape is 
very useful for sheep and hogs, is useful as a green manure 
crop in the year of fallow, ancl should be used in the 
Reel River Valley. 
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SORGHUM. 

been grown during the past three years. In 
4-4 tons air-dried fodder per acre, and in 

I tons per acre. It is grown in drills 42 inches apart. 

In i898 a three-fifths acre field was SO\Vl1 to sorghum. This 
field was to during the summer, in alternation 
with a field of rape of similar very satisfactory. 

is tender, and is killed frost not severe to 

kill corn. It is valuable for a summer 
rape can be usccl for both summer and fall 

OTHER FO!l.ACE ClWPS. 

In Table XV. are recorded the 
tained from several crops in 1897. 

of air-dried fodder ob-
In all cases, 

corn, the were 

clean the land and to fornish 

Sand vetch 

the cattle. 

white Milo 
none of ancl few mature seecl. 

with 

grains, make a list of 

to meet the needs of the Eccl 

TAB:J;_,E XV.-Cultivated Crops. 

Name of Crop 

Sorgh11n1 
Hungarian J\1i1let 
German I\lillet 
Hog Millet 
Dhoura 
.Kaillr Corn 
Sand Yeteh 
Pearl l\.1illet 
Rape 

Gn.:\Y \·erv 
there \V ti.s 

Xotcs 

\Vhile corn is the most valuable forage crop 

kaffir 

J\Iillct 

an cl 

but 

peas and 

oats ancl sorghum ~ncl rape for summer pastures, and rape 
and cabbage for fall pastures, are very useful ancl of 

ex ten cl eel trial. 
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Cl\.OP HOTATIONS. 

fields 

While the 
adapted to we have a and 

crops which rest and prepare the 

oats, the three 
classes of crops to be 

Brome grass, tlie clovers and other grasses form a second class 
of crops. millet and rape, and other cultivated 
anc! annual form the third class. the 
grain crops with each other is not the name of rota-

becausc these crops, instead of the land for 

each other, make it more every year and less 

for Grain prepares the land for grass, 
as a nurse crop with which to sow the grass 

first year when it is The grass, after 

one or more years, has the land for 
Tbe grass also prepares the fields for corn, or other cultivated 
crops, and these in turn fit it for other crops of 

In a way, we czm have a rotation of 

followed by grass, and this followed cultivated crops; 
to the three-course rotation. 

left t\HJ or three years, this would not 

with all fields under the 
also were grown for two or three 

years in often advisable while the Janel 

is new, weeds not too numerous, and there is not sufficient stock 
to utilize of 

The useful : 
Grain one or two years, grass two two 
years, cultivatecl crops one, then the 

rotation. The before the grass may be reduced 

to one year by grass seed with the first crop of 
after the cultivated crop, thus the grass three 
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years. If the grass seeding fails to make a stand, which will 
occur occasionally, grain may be sown on the same field the 
second year, again seeding to grass, and thus re'ducing the 
grass period to two years. 

The real starting point of a rotation is the introduction of 
live stock. The grasses and cultivated crops cannot 'well be 
marketed except they be first reduced by animals and condensed 
into live-stock products. And with the roughage must be fed 
part of the grain and the by-products of the grains, thus keep
ing on the farm much more. of the fertility abundant in our 
soils, but not so inexhaustable as to warrant ruthless waste by 
shipping to our eastern or foreign competitors. Rotation of one 
grain with the others, without crops for live stock, is noit 
true rotation. 

At first a small amount of the farm may be included in the 
rotation. Later. on other fields may be added, as the increase 
of live stock makes it practicable to do so. A plan of rota
tion should be adopted and then adhered to in a general way. 
In the year when grain occurs, that grain crop which promises 
the best returns may be selected, whether it be wheat, oats, flax, 
or barley. Attention should be given to the choice of a com
bination of crops which will best utilize the labor for the en
tire season, and will not too much congest the labor of busy 
seasons, as seedtime and harvest. Thus, for a five-year rota
tion of wheat, clover with timothy two years, flax and corn 
might suit many farmers, since these crops follow each other 
nicely, and provide a succession of work for men and teams. 
A system of experiments on crop rotation and field manage
ment has been begun at Northwest Experiment Farm, in co
operation with Prof. W. M. Hays at University Farm. In the 
spring of 1899 sixty plots were set aside for this purpose. A 
separate rotation is planned for each plot. In the effort to 
find how best to arrange the crop rotation for this district the 
crops each year are carefully measured and valued for market 
and feeding.· The effect of each crop on the land is studied, 
and also its effect in making the land more or less weedy. Since 
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only one year's results are as yet available, no report can now 

be made. The North Dakota Experiment Station at Fargo 

has also in progress work on crop rotation and field manage

ment. :Many farmers in the Red River Valley, likewise, are 

working out systems of field and farm management in a most 

practical way. These will all be constantly studied in connec

tion with the experiments at Northwest Experiment Farm, as 

will also the past and current work in other states and in for

eign countries. The facts, so far as available from all sources, 
warrant the following statements: 

( r) Farmers in the valley very much underestimate the 
value in ultimate net profits of live stock and the crops neces
sary 'to feed them when grown in rotation. 

( 2) Cultivated crops and grass crops, as a rule, better 
prepare the land for grain than does the fallow, and in the end 
pay better if judiciously fed to live stock. 

(3) Timothy and clover, if not a1t once, after a few trials 
are so successful as to be very useful in short rotations with 
wheat, flax, oats, and barley. 

(4) Minnesota dent corn grown for fodder, when about 
one bushel of seed per acre is planted, is a very valuable hay 
crop, and admirably prepares the land for grain. 

( 5) Sorghum and rape are very useful on the land. In
stead of leaving it fallow they make excellent pasturage, and put 
the soil in fine condition for grain. 

( 6) The variety of grain used counts for much 111 the 

yield, but the preparation of the soil by previous crops 111 the 
rotation means much more. 

(7) The farm should be laid out with definite fields, and 

these should be enclosed with fences, some of which may be 

movable, and the crops rotated in regular and systematic order. 
(8) Since stable manure often causes the grain to lodge 

on the very rich, moist soils of the Red River Valley, it should 

be (a) applied to the previous crop; ( b) composted in level piles 
three feet high, so as not to fire-fang; ( c) and always be ap-
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plied thinly, about ro two-horse loads per acre, so as to get 
the good effect without the over effect which causes the grain 
to lodge and not fill well. 

( 9) On farms where the rota:tion, manuring, and good 
cultivation of crops are properly combined and attended to, the 
strong growing crops help to smother the weeds, and even 
French weed, mustard, and wild oats lose their terrors. 

( 10) The business of live stock breeding and co-operative 
dairying in the Red River Valley needs organizing and promot
ing, in order that that most necessary element in our farm 
business-live stock production-may be encouraged, built up, 
and wonderfully developed. 

DRAINAGE. 

If there is anything that the Reel River Valley is in need 
of to help eliminate the element of uncertainty in crop produc
tion, it is drainage. The growing season being very short, it is 
necessary that the water from melting snows and from storms 
be carried from the fields very rapidly in early spring. The 
soil is of a clayey nature, and of fine texture, so that the water 
percolates through it very slowly. The land 1s very level, 
having a fall of only a few inches or at most· several 
feet per mile. The country near the eastern border, and also 
the land along the Reel River of the North, is a little better 
drained than the middle section. Here the land is very level, 
and the stor·m waters from the east lose their channels and 
spread over the country, making large marshes. The water, 
after flowing very slowly over the prairie, again collects in 
channels and flows into the Red River of the North. The state, 
supplemented by private individuals, has given very liberal as
sistance in digging main channels to carry this water a.cross the 
land. These channels have clone an immense amount of good, 
and have contributed very largely to the prosperity of this sec
tion of the state. The amount of good resulting from this can
not be estimated. This work has been continued by the coun
tie<:. The value of drainage has been so manifest, and its 
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necei;sity so apparent, that counties have found it wise to prose
·cute the work on a smaller scale when state aid was not available. 
Townships also have clone a great deal of work in drainage. 

Drainage and road building here on this level Janel go hand 
in hand. To make good roads it is necessary to construct high 
road gracles. The making of these grades and the digo·inrr of . b b 

large ditches are accomplished by the same operation. These 
ditches have been very effectual in draining the farms. They have 
been sufficiently numerous to be in close proximirty to most fields. 
They might at times have been more effectual and often some 
labor might have been saved if they had been constructed ac
cording to a careful survey. Occasionally more good could 
have been accomplished if the labor expended on making a ditch 
on each side of the grade had been utilized in making only one. 
The road grade would have been equally well drained, and the 
deeper ditch would have drained the land better. 

On most farms ditching is necessary in order to carry the 
water from the fields into the lateral and roadside ditches. 

Two methods have been tried in the fields of Northwest 
Experiment Farm: One is to make shallow surface drains by 
means of the reversible road machine. These ditches are made 
easily and rapidly. They cannot be made very deep, and if 
they are put across a field they can be repaired frequently, as 
a good deal of material is carried into them by the plow, har
row and wind. There will necessarily be small ridges on each 
side of these ditches, so at intervals it will be necessary to cut 
openings through to admit the water. This plan may be modi
fied by making two broad ditches twenty to thirty feet apart and 
throwing the earth up into a broad, fiat, road-like ridge be
tween, thus avoiding the slight ridge at the outer sides of the 
ditch. Into these ditches the broadened dead-furrows men
tioned in the next paragraph may be made' to enter, thus reach
ing all parts of the field with a system of broad, fiat ditclic,; 
through which the plow or reaper will pass and in the bottoms 
of which good crops may be sown. This latter method of 
making cross-field ditches is advantageous where the soil drifts 
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badly. By making the bottom of the two ditches a few feet 
further apart in cleaning them out with the reversible road 
machine there is room for throwing the dirt on the grade be

tween without making it too high. 

=-/·~-~-~-,--,--~_-_-_-._-.--~~~~~~ 

Fig. 6.-Plan of Farm. 
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Another method, which has proven very efficient and in
expensive, is ridging the land while plowing the fields. The 
Experiment Farm is laid out in fields or lands, each nine rods. 
wide. (See Fig. 6.) These fields are laid out parallel with 
the slope of the land. The plowing is started in the middle of 
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the bnJ ~sec Fig·. 7), where two iurro\\'S ar.e plowed against 
each other. By plowing in this way, turning the horses to 
the right when making the turns at c and d, the dead furrows 

will be located at a, b, and e, f. By continuing this system a 
series of years, the ditches are made deeper year by year. No 
ridge is formed on the sides of the ditch. By commencing the 

Fig. 7.-Plowing in Ridges. 

plowing in this way, and by varying the back furrows one year 

a little to the right of c, d, and another year a little to the left, 
the dead furrows will be made broad rather than deep, making 
the fields gently undulate instead of being cut up by deep 
ditches and narrow high ridges. This method has been prac
ticed since the farm was established, and the results are very 
satisfactory. The lands are \\nide enough so that there is suffi
cient water collected in the ditches to make a current. The 
same method of ridging the land has been adopted for the for
estry plantation and for the fruit and vegetable gardens. Mak
ing the lands more narrow brings the broad ditches closer to
gether. 
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WEEDS. 

The prtsence of weeds on many farms 111 the Red River 
Valley demands that more rigorous measures be taken for their 
destruction. It is plain that so long as so few pastures, 
meadows, and cultivated crops are u~ed in rotation with grain 
the farmers will find it very difficult to keep the weeds in check. 
Summer fallowing may destroy many weeds, but it requires a 
great deal of labor during the entire season, when no crop is 

obtained from it. 
Mustard, wild oats, Pigeon grass, and French weed are 

among the worst weeds with which the farmers have to con
tend. \Vhile some effort is expended in their eradication, the 
spread of these weeds each year is greater than the numbers 
annually destroyed. In Minn. Bulletin No. 46, pp. 373 to 
383, Prof. vV. M. Hays discusses the methods of eradicating the 
first three of the above-named weeds. See, also, N. D. Bui. 

No. 39, p. 456. 
The French Weed. (Fig. 8.) The writer regrets that from 

experience he knows of no simple nor practical method that will 
completely eradicate French weed. Some farmers have reported 
methods that have proven successful with them, but other 
farmers have tried the same methods and failed. In order to 
learn what could be clone, a small tract of land was rented 
from Mr. Nils Roen, three miles south of Warren, for experi
mental purposes. This farm was so completely overrun with 
French weed that it seemed a very hopeless task to commence 
farming it. Fourteen methods were commenced with in the 
spring of 1899. The experiment will continue for three years, 
and inasmuch as only one year has passed, no report on results 
can as yet be made. Some things, however, have been learned. 
If this weed is to be destroyed, the work must be done thor
oughly. The weed produces seeds so profusely that if one 
plant is allowed to go to seed a large area of surrounding land 
will soon be infested. If there is one direction in farming in 

which thoroughness is required, it is in trying to destroy this 
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weed. A slipshod way will not do, and an ounce oi preven
tion is worth a thousand pounds· of cure. Farmers whose farms 
are free from this weed should guard against their incoming 
with the utmost care and vigilance. 

Fig. 8.-Frcnch \Yeed.-After Britton and Brown's Illustraterl Flora. 

The following· are some of the methods employed in the 
experiments: (I) Grass crops; ( 2) cultivated crops; ( 3) early
maturing crops; (4) summer fallow. 

It will reacL ·be seen that to make the above crops profitable 
on the farms they must be feel to live stock. The farmers who 
intend to keep their lands free from weeds should lose no time 
in stocking them with cattle or sheep, or both. 

Grass Crops. 'While grass crops will not completely de
stroy the French weed, they serve a useful purpose in keep
ing it clown until the farmer can take hold of the field and 
work at it systematically. Many farms are very large, and it 
may at times be wise to sow part of the farm to Bronms iner-
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nu~ or Timothy, and keep it in pasture or meadow until other 
fields are cleaned. Grass crops have a prominent place in those 
crop rotations which are most effective in weed destruction. 

Su111111er Fallow. \Vhile the summer fallow is not to be 
generally recommended, many fields will continue to be :fallowed, 
and it is best that the work be done according to some definite 
plan. The usual manner of summer fallow does not cause the 
destruction of as many weeds as it should. 

The purpose of fallow cultivation is to bring as many weed 
seeds as possible to the surface and cause the·m to germinate, that 
they may be destroyed. To make the weeds start as early as 
possible in the spring, disk or harrow the fields. When the 
\\·eeds are well started, but before any of them have gone to 
seed. plow the land shallow. This will destrioy those weeds 
which \Vere growing, and also bring a fresh lot of seed to the 
surface. Harrowing every eight or ten days will help to ger
minate more and destroy those freshly started. Later on, when 
the surface soil has no more seed left to grow, plow the land 
deep, and continue the harrowing. If this field can be put to 
some cultivated crop, like corn or potatoes, the succeeding year, 
the remaining seeds may be destroyed by the cultivator or hoe. 
Crops \\·hich may be planted late, and yet will ripen fairly early, 
may be used to clean the land of weeds. The late sowing will 
allow of cultivating early in the season to induce weed seeds 
to germinate. The weeds may then be destroyed while pre
paring the soil for the crop. The effectiveness of this 'method 
will be proportionate to the thoroughness with which the work 
is done. 

Cleaning With Ear1's-M aturing Crops. By sowing an early 
maturing crop, like barley or millet, the weeds will be stunted 
from lack of space to grow. The crop will mature for hay or 
seed, and may be cut and removed before the weeds go to seed. 
The land may then be plowed as soon as possible, and harrowed 
from time to time during the autumn. This method may not 
be as effectual as summer fallow, but it has the advantage of 
producing a crop. One part of the land should be thoroughly 
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cleaned, and kept clean, rather than an effort being made to 
clean the whole farm and thereby accomplish nothing. 

In Europe, and later in America, experiments have been 
undertaken to kill various weeds with chemicals which destroy 
the weeds btlt do not injure the crops among which they grow. 
Some of these experiments have proven very promising, and 
some chemical may be discovered with which French weed may 
be effectua:lly eradiCaited. 



Upon the establishment of the Northeast Sub-experiment 
Farm at Grand Rapids, Minn., in 1896, ·warren W. Pender

gast, Assistant in Agriculture, a graduate of the School and 
College of Agriculture of the University of Minnesota, was en
trusted with the responsibility of the superintendency. From the 
first he gave vigorous attention to planning new fields, buildings, 
roads, fences, investigation of soils, drainage of swamps, protec
tion of young timber, reforesting the burned area, and the de
velopment of grasses, grain and forage foods. 

Early in the summer of 1897 he was taken seriously ill, and 

died August 26, 1897. During the brief time he was engaged 
in this importam work, he acquired much valuable information 
by his cxperien,ce and observation, and had plans for the future 
development of the farm which merited approval. His marked, 
clear perception. strength of purpose in accomplishing work, his 

good sense in dealing with men, and l~is splendid character pe
culiarly fitted him for this position. 

The work during the summer and fall of 1897 was placed 
in charge of R. Vv. Clark, who was assisting Mr. Pendergast at 
the time of his death. On February l, 1898, Herman H. 

Chapman, a graduate of the School and College of Agriculture of 
the University of Minnesota, was appointed superintendent of 

the farm, and the work has been continued under his superintend
ency along the lines indicated by this bulletin, prepared by him. 

It being the first publication of any importance issued from the 

Northeast Sub-experiment Farm, it has been made rather gen

eral in its scope, and is intended as a popular treatise on the 
agriculture of the pine region. 

The work done and the results obtained have been set forth 
in a way intended to emphasize certain fundamental principle's of 



successful farming in that region. An earnest effort has been 
made to reach and benefit the actual settlers. Many of these have 
had but little experience in farming. For this reason all facts 
of possible benefit to such individuals have been carefully stated. 
In treating so many subjects, the space allotted to each is neces
sarily limited. 

WILLIAM M. LIGGETT, 
Director. 

St. Anthony Park., Minn., December, 1899. 
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NORTHEAST SUB-EXPERIMENT FARM. 

HERMAN H. CHAPMAN. 

LOCATION AND DESCRIPTION-

The Northeast Sub-experiment Farm of the University of 
Minnesota was provided £qr by the legislature of 1895. The 
site was chosen April 16, 1896, and the state acquired title to the 
property in July, 1896, in which year the work commenced. The 
location selected was in the vicinity of Grand Rapids, ninety 
miles northwest of Duluth, on what was then the Duluth & 
Winnipeg Railroad. This road has since become a part of the 
Great Northern System, connecting Duluth and Crookston. 

The farm lies two miles east of town; it includes the East 
one-half ( E. 0) of Section Fifteen ( 15), Range Twenty-five 
(25) W., Township Fifty-five (55) N., and Lots Six (6), Seven 
( 7) and Eight (8) of Section Fourteen ( 14), lying along the west 
bank of the Prairie River; in all, about three hundred and sev
enty-five acres. The object in establishing this farm was to study 
the agricultural possibilities and investigate the problems of that 
great district in northern Minnesota known as the "Pine Region." 
This was to be accomplished by means of carefully conducted 
experiments, dealing with questions which, on account of peculiar 
local conditions, could best be determined by experiments con
ducted in this region. The nature of the work requires the an
nual outlay of a considerable amount of money, which must be 
regarded as an investment by the state in obtaining results and 
facts which the farmer, unaided, cannot secure. 

This region was originally covered with pine, hardwood and 
swamps. It extends from the northern boundary of the state 
south for two hundred miles, and from Lake Superior one hun-
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dred and fifty miles westward to the Red River Valley, and com
prises over one-third of the total area of the state. In this vast 
territory there is quite a range of climatic conditions and a great 
variety of soils and timber, which made it necessary to choose a 
location for the station where the results of the work would be 
most widely applicable. Mos't of the settlement has heretofore 
been to the south of Grand Rapids. Yet this point is more nearly 
in the center of the pine region than any other site considered at 
that time. Its northern location is an advantage in testing crops of 
all kinds for hardiness. 

The farm itself contains as great a variety of soil conditions 
as can be hoped for on a single section, all distinct types being 
represented except the dense red clay of the Duluth district. The 
portion which was first cleared is a light sandy loam soil, such as 
is found over large areas and usually grows Jack or Norway pine. 
Such soils may be underlaid with clay, but at variable depths. 
They represent the poorest class of soils, very fertile for a few 
years, but requiring careful management to retain their strength. 
Near the Prairie River the underlying clay rises close to and finally 
reaches the surface, forming a light-colored clay soil of great value. 
These clay soils arc unevenly distributed over northern Minne
sota and are found sometimes in large tracts, generally near 
watercourses and lakes. On the west side of the farm, border
ing a large swamp, the soil is a fine silt, and low lying. With good 
drainage this is proving to be a very fertile field. The swamp 
mentioned is of the type called "Muskeg,'' an adopted Indian word. 
It is too wet to grow tamarack, and is filled to a level surface with 
an accumulated vegetable growth forming a thick layer of peat, 
or muck, upon which grows a mat of sphagnum moss and low 
shrubs. This peat may be from one to thirty feet deep and rests 
usually upon a bed of clay or a marl deposit. In some districts, 
swamps of this character are found that cover many square miles, 
and they are widely distributed. This muskeg and a smaller one 
are so situated that they can be drained ; and the methods, cost, and 
practical results of bringing them under cultivation determined. 
The opportun~ty thus given to deal with a problem of such wide 
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application was clearly recognized in selecting this site. On the 
.north quarter section lies a tamarack swamp and natural meadoW;, 
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Fig. 1.-General Plan of the Northeast Sub-Experiment Farm, Grand Rapids, Mino. 

such as is found along river banks and streams where the soil 
has had sufficient drainage to prevent the formation of the 
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muskegs. All the marke'table pine had been removed from the 
land before its aquisition, but there remained a large quantity of 
timber of other kinds. All land near the river not swampy bore 

a heavy growth of poplar and birch, with so'me oak, elm and balsam 
fir. On the higher land Jack pine is prevalent and there are sev
eral promising groves of young \Vhite and Norway pine. 

EQUIPI1IENT. 

Buildings.-The buildings on the farm consisted of a five
room dwelling, a horse barn for four teams, a chickenhouse, root

house and icehouse. The house has been completely transformed 
into a modern farmhouse of ten rooms, and now provides ample 

accommodation for the station force. Two lean-to sheds have 
been added to the barn, serving as shelter for machinery and 
wagons, with lofts for storing seeds and tools. The roothouse, 
originally built of Norway timber, was found to be completely 
rotted out. The old timbers were removed and a new roothouse 
built of stone with cedar timbers for the roof covered with five feet 
of earth. The doors admit the entrance of a wagon, which saves 
much time in handling potatoes or roots. A pigpen has been 
constructed, and the chickenhouse, which was much too large, has 
been transformed into a sheepshed, for which it is well adapted. 
A watertank holding thirty barrels has been mounted in the 
tower of the windmill and pipes laid to the house, barn and sheep
shed. Below this tank and over the pump was built a stone 
milkbouse. The tank was incorporated into the roof of this house 
as a tower. To protect the tank against freezing i't v.,-as boarded 
in, leaving an air space which was filled with cut straw. The 

outside was papered and shingled. This has proven entirely satis
factory. The walls of the milkhouse were built of stone, taken 
from the field, laid with their rounded surfaces exposed, giving a 
very pretty effect. The floor, with a drain in the center, is ce
mented. This house, which is thus in direct connection with the 

water supply, is used in separating the cream and in churning. 
Some machinery was purchased with the farm, and subsequent 
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additions have well equipped it. The acreage which has been 

cleared of stumps makes it practicable to use all modern 

in place of the primitive methods necessary on 

cleared fields. At present, the station possesses the 

self-binder and threshing machine in the county, bu't mowers 

are into general use, ancl other modern machinery will 
soon follovv. 

Lz~'e Stock.-The farm has always a bull 

of one of the milk and is up a herd for dairy 

purposes 

heifers. 

J.-.~:ig, 2.-Ne\v Farm llouse, Northeast 811b-E:xpedn1enl Furrn. 

common stock and the cross-bred 

Pure-bred and the young stock 

terecl and sold at reasonable to settlers. A carload of one 

hundred ewes of western were 

the fall of balf of which \1·ere sold to settlers in the 

borhood, ancl half on the farm. This of was 

as hardy and well able to stand cold and 
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exposure, and better fitted than any other to use in clearing up 
brush land .. They will make a vigorous foundation stock for 
improvement by crossing upon them one of the improved mut
ton breeds. As soon as possible, a barn will be built for the 
dairy herd, which is now quartered in the horse barn. The num
ber can then be considerably increased. It is the object of the 
station· to have enough live stock to consume all the roughage 
raised on the farm, thus giving a large supply of manure and 
maintaining the fertility of the soil. 

CLEARING THE FARM. 

The land already cleared when the farm was acquired com
prised about seventy acres, most of which had been very easily 
brought under cultivation. A large part of it was light soil, and it 
had been necessary to remove only a growth of brush, scat
tering trees and stumps. The cleared area has since been in
creased to one hundred and twenty acres. The new clearing has 
been done in a way to straighten the outlines of the fields, bring the 
clear portion of the farm into a compact body, and bring under 
cultivation those fields which contained the best soil and gave the 
most uniform conditions for experiment work. Most of the land 
is too rolling to be useful for field experiments, but some of the 
newly cleared land is level and uniform, giving conditions where 
it is possible to conduct experiments requiring close comparison 
on similar plots of ground. Two fields, aggregating about twen
ty-five acres, were cleared next to the river, out of the heaviest 
growth of timber on the farm. The cordwood was cut at seventy
five cents per cord, and yielded from twenty-five to thirty cords 
per acre. The tops were then piled and burned, and the stumps 
pulled with a windlass stump puller, cleared of dirt and burned, 
leaving 'the field ready for the plow. This work was done by con
tract for thirty dollars per acre, and the' value of the labor 
actually put upon it came fully to this figure. It was neces
sary to clear this land completely at one operation, as the piece 
was needed for experiment work. The cost was, consequen'tly, 
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I~"'ig. 3.-~\lilk Honse and \.Vater Tank. 
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higher than if slower methods had been used. It is seldom bes:· 
to. pull stumps at once, provided they can be prevented from 
sprouting. Stumps of deciduous trees, commonly called hard
wooa to distinguish them from evergreens, rot m four 
to seven years. Pine stumps are slow to rot, as the 
resin they contain preserves them from decay, but if al
lowed to stand a few years the smaller roots rot off and 
they bring up much less dirt \\'ith them when pulled. The 
stumps pulled on this field by means of a windlass stump puller 
brought up large masses of earth, leaving great holes in the 
field. This dirt had to be detached with picks before the stumps 
wouid burn properly. The labor of pulling, and the cost of 
handling and piling, was much greater than· it would have been 
with rotten stumps. To keep down the sprouts and get some 
return from the land while this rotting process is going on, it is 
wise to seed down and pasture the field, or, when the stumps are 

not too thick, to plow betvveen them for grain crops. These are 
the only methods practicable for a man of ·small means, as it both 
reduces the expense and distributes the labor over a number of 
years. \Vhen the ground is thickly covered with large pine 
stu111ps the expense of removing them is very great. If pulled 
entire, they require a powerful machine, and are very bulky and 
troublesome to handle afterwards. If dynamite is used it requires 
a heavy charge to dislodge them. The method which has seemed 
to give best results is to use a charge sufficiently heavy to split 
the stump into two or more pieces and then to pull the pieces 
separately with a stump puller. Dynamite has been used on the 
farm in removing stumps to study its comparative cost ·and effi
ciency. A charge of one-half to one and one-half pounds will re
move poplar or other "hardwood" stumps, one to one and one-half 
fed in diameter, split them so that it is an ~asy matter to 
remove the pieces. The charge is inserted beneath the stump in a 

hole ·made with a crowbar or auger. Stumps so removed are 

quite clear of dirt and may. be piled up and burned to better 
advantage than stumps which are removed wholly by means of 
the stump puller. Taking 'these points into consideration, the 
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cost of such stumps with dynamite will probably aver
age about the same as in pulling them, but it is more expeditious 
and doe.s away with over half of the heavy hand labor. 

Fire is the aid the settler has in clearing land, but 
it can be abused. Many districts have been first opened to 
extensive settlement the work of fierce forest fires which burned 

everv of rubbish from the ground. Settlers are 
thus apt to fires as only a benefit, especially where there 
is but little valuable timber and a poor market for corclwoocl. 

Fig. ":1-.-Experiml'HU:JJ Gardens and Fi<:Id. 

do not realize the nature or extent of the 
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matter, such as dead leaves and roots. This 
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rotten material is known as "humus." It has the power of ab
sorbing and holding a great deal of water, so that a soil plentifully 
supplied with it may have twice the power to resist drought that 
it would posses without the humus. Humus is a plant food 
itself, and by its presence and decay sets free more plant food in 
the soil. A sandy soil without humus will soon wear out, but with 
an abundant supply of humus kept up by proper crop rotations, 
its fertility may be maintained. Severe burning in a dry lime will 
burn up and waste the humus, even that which is in the upper por
tion of the soil. If such means are adopted to clear the land 
the loss of fertility will in many cases more than offset the sav
ing in 'the cost of clearing-. The use of fire should be limited to 
seasons and conditions when the ground is clamp enough for its 
own protection. It may sometimes be advisable to set a running 
fire over land to be cleared when the soil is not too dry and where 
there is good opportunity to control it, and the rubbish is very 
thick on the ground, but, in general, fire should only be used for 
burning brushheaps and piles of logs and stumps. This latter 
was the method used on the fields cleared next to the river on 
Northeast Farm. The soil here ,,·as covered \vith a deep layer 
of humus, and had evidently never been burned over. This was 
not injured in clearing and was turned under and mixed with the 
soil, thus insuring 'the fertility of this field for many years. 

Having obtained ground suited to its immediate needs, N. E. 
station can now practice more economical methods of clearing. 

The flock of fifty ewes, purchased in 1898, are being used in this 
work. A pasture of thirty acres was fenced off for them in the 
woods. It is intended with their assistance to clear· this up grad

ually. The trees are being cut into cord wood and the tops burned. 
All brush which is too high for the sheep to reach is cut down 
with the brush scythe. The sheep in one season have prevented 
the growth of all new sprouts wherever this has been done, and 
give promise in another season of completely killing the under
brush in this pasture. Their manure is, at the same time, greatly 
benefiting the soil. This pasture is so arranged that the sheep 

may be turned into a field where some pasture crops are provided, 
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in case the feed in the woods becomes exhausted. This is likely to 
occur in the fall. Sheep of the grade used seem to do well on 
the feed in the woods with no other pasture, but prob

this will not be true of the improved breeds. By so ar-
the pasture that the sheep are confined to the 

woe>ds in the morning, and are allowed access to better pasture in 
the the best of the mutton breeds may be grown with 
profit, without their usefulness in the work of clearing 
lands. It is found best to have the sheepshecl accessible at all 

Fig. 5.-Flock or \Vestern Sheep Used in Ckariug Brush Land 

times in the summer, allowing the 
for feeding and to escape from the 
heat. 

to choose their own time 
attacks of flies and from the 

Cattle will aid in clearing by but their work is very 

incomplete and in no way comparable to that of sheep. vVhere 
wolves are abundant it may not be profitable to raise sheep, but 
this is not true of many sections. 

This problem of clearing the land is the foremost one which 
confronts the settler and will occupy a large portion of his time 
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and thought. The cost of complete clearing will vary, as was 
seen, with the methods employed, length of time consumed, 
and with the character of the timber and soil. For better 
soils it will range between six and thirty dollars per acre, 

although some poorer or sparsely timbered land may be cleare.d 

at a lower figure. This expense should be borne in mind in 
placing a market value on uncleared land intended for agricul
tural purposes. Speculators should not make the mistake of sup
posing that such lands, if bought at a low figure, will find a ready 
sale at double or treble the price in the near fu'ture. The class 
of settlers that have the means to pay good prices for land will 
prefer to buy where they can obtain land already cleared, if they 
can get it for less than it would cost them to buy and clear 'these 
lands. The selling price of this uncleared land should remain low. 
This region must and will be developed by the man of small 
means, but large endeavor, who values a home and independence 
above ease and comfort; whose capital is his strength, and who 
will create by his labor and perseverance, in improvements, the 
valne of the farm he could not ha,·e purchased outright. Home
stead land and low-priced land enable such men to acquire title 
to a farm which they can clear up gradually, supporting them
selves; in part by selling cordwood or working in the woods in 
winter, until the farm is cleared sufficiently to maintain them and 

their families. 
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SWAMP LAND. 

DRAINAGE. 

The first necessity in subduing swamp land is proper 
drainage. The two ·muskeg swamps on the farm were so situated 
that they could be well drained by constructing a rather deep ditch~ 
lessening in depth as the ground fell away towards the river. 

This ditch was dug in 1896-97, and was nearly a mile in length. 
It lowered the water in the muskeg about a foot and per
mitted the cultivation of the adjoining fields. In 1898 the ditch 
was deepened, to drain the swamp to a greater depth. The action 
of the frost and water on the sides of the ditch thus deepened 
caved them in badly and made it impossihle to maintain the de
sired depth without too great an excavation. In 1899 the ditch was 
dug out again to a permanent depth and made two feet six inches 
wide at the bottom. Straight tamarack poles sixteen feet long were 

laid along the sides as cribbing. These were held in place by posts 
about three inches thick driven into the bdttom of the ditch op
posite each other about four feet from each end of the timbers, 
which were notched to receive them. The posts of each pair were 

held apart by a cross-piece notched at the ends and inserted be
tween 'them. This cribbing runs throughout the deeper portion 
of the ditch and into the muskeg, until the muck is reached, where 
it becomes unnecessary. The first outlay is rather large, but the 
work is lasting and in this case absolutely necessary. For lack of 
the additional depth, nO\Y secured, no work could be done in the 
swamp during the we't season of 1899. It is thought that this 
form of ditch is more practical than a large tile drain for ~uch 
conditions where the ditch must be dug through soil which will 
wash or fall clown along its sides, as it can be constructed from 
material at hand and is less expensive than tile in this northern 
country. I't is not always necessary to protect the sides of a 
ditch from caving. Ditches in the S\Yamp itself need no support, 
as the peat retains its form and upholds the sides of the ditch. 
\Vhere shallow enough the sides can be given sufficient slant to 
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The first ditch \\·as dug across 'the south end of the swamp, 

cutting off about one-half acre to the south. A ditch was then 
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CULTlVATlON OF PEATY SOILS. 

!S covered with a 

!thick moss known as "sphagnum," on 
water, is used nurserymen as 

material for nursery stock. this grmvs a 10\v 

shrub with roots, the moss into a stiff mat of 

tion. 'fhis must be 
can be rnacle of the soil. is not very successful; the moss 
will remain until the water is all c!riecl out of the 

Fig. 7.-::Vfnskeg After Clcaring 1 Draining and Breaking. 

Burning before the moss is will ac-
little, as the fire skims over the surface and leaves 

the bulk of it intact. ·when the swamp is for the moss 
to burn thoroughly, which seldom occurs unless it is drained, there 

is greater of the fire the lower of 
the peat and burning for a long time, 
in the surface, and thus doing great It is not practicable 
to turn this moss under with a plow. It is too difficult to cu1t with 

the coulter, and rolls up in large masses and is slow to decay, so 

that an attempt to plow it will leave the land in worse condition 
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than before. \i\Then this fact had been sufficiently demonstrated 
by trial a new method was adopted. The moss was stripped from 
the portion of the swamp south of the ditch by pulling it loose with 
potato hooks and carting it to one side, leaving the compact lower 
peat exposed. A clean furrow was easily turned in this soil, and 
the whole piece was broken with a plow. The expense of removing 
the moss by this process makes it impracticable to apply it on a 
large scale; but it is thoroughly efficient. Cheaper methods will 
be tried for getting rid of the moss. It will probably be possible 
to pull the moss loose from the peat, or even overturn it, and thus 
dry and burn it successfully where it lies. 

The small piece first cleared is ready for the experimental 
work to test its capacity for crop production, which will begin 

in I900. This muskeg represents the type of swamp land most 
difficult to subdue and of most doubtful value 'to agriculture. 
Swamps bearing a growth of large tamarack or spruce are, when 
properly drained, sometimes cleared at a much smaller cost per 
acre than their appearance would indicate. This is due to the 
manner of growth of the roots, which spread over the surface and 
have no tap roots to remove in pulling. Such swamp land wit 
usually make a fertile and lasting soil. 
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FIELD MANAGEMENT. 

The general lines of farm policy pursued are such as are best 

calculated to ·maintain the fertility of the farm and at the same 
time give profitable crops. The soil over a portion of the farm 
is sandy, resembling that found over a large portion of north
eastern Minnesota. Such soil will produce large crops for a few 
years, but if carelessly farmed and kep't continuously in potatoes 
or grain without manure, it cannot be expected to retain its fer
tility. The principle means for accomplishing this end are 
manuring and a proper rotation of crops, in which grass and 
cultivated crops alternate with grain. To produce all the manure 
pcissible and to feed on the farm most 0f the produce raised on it, 
so as not to remove the fertility from the farm in the crops sold, 
it is necessary to keep all the stock the farm will support. Every 
farmer in K ortheastern Minnesota should keep as much stock as 
the nature of his farm and methods of farming will allow. The 
live stock on Northeast Farm have been steadily increased, 
but has not yet reached the point where all of the field products 
are consumed on the farm. The manure obtained from the stables 
in the summer is composted and spread in the fall, but during the 
winter it is hauled direct to the fields and spread. Stable manure 
is the cheapest and best manure to use on this class of soils. It is 
produced on the farm, ancl the straw ancl litter with which it is 
mixed change to humus in the soil. The manure rots gradually 
and lasts more than one season. Commercial fertilizers, on the 
other hand, represent an outlay of money, and their effect will 
seldom be noticeable after the first one or two seasons, as they 
soon wash ont of a loose grained soil. 

The application of manure is second in importance to, and 
only a part of the general plan of cropping to be pursued on 
the farm. Even if the cleared area is small and it is necessary 
to keep a large acreage in permanent pasture where the stumps 
have not been removed. the crop on the clear fields should be 
rotated, and potatoes or grain should not he grown continuously 
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on the same ground. The kind of rotation pursued will depend 
upon the amount of live stock upon the farm. I~ will be hard to 
plan a rotation that will maintain the soil in good condition, unless 
crops such as clover and fodder corn, are raised to be fed on 
the farm and the manure returned to the soil. Upon the North
east Farm the principal field crops are fodder corn, oats and tame 
hay, mixed clover and timothy. These crops are all fed, as far 
as needed, on the farm. The manure thus obtained is applied to 
ground intended for corn and plowed in the spring. The corn 
ground, which is kept clean of weeds, is put into oats, using the 
disk harrow to prepare the soil instead of plowing it. Clover and 
timothy seed are SO\rn with the oats. The hay crop will be largely 
clover the first year and the year followng will consist mostly of 
timothy. The sod is allowed to lie only two years when it is 
plowed up and again put into oats or corn. The rotation may 

consist of fodder corn, oats, meadow two years, then oats, spread
ing the manure on the oat stubble and again planting fodder corn, 
making a fi \·e-year rotation. By putting the sod ground into 
oats and again seeding cl0\n1, a three-year rotation will be 
established. This latter rot<Vtion has been practiced on 
fields which it \1·as not possible to supply with mannre. 
By shortening the meadow to one year the second growth of clover 
of that year may be plowed under as a green manure. This has 
been done on a part of the meadow the past season. This is an 
economical way of supplying a large quantity of humus to the soil 

and the benefits derived from the decaying clover in the soil will, 
in the increased yield of grain, offset the disadvantage of losing 
the meadow. The general effect of these rdtations is to maintain 

or increase the fertility of even very poor soil. The manure and 
the sod contribute to this result, but the part that the clover plays 

is important and must be clearly understood. Clover and plants 

related to it, as peas, have the power of collecting nitrogen from 

the air and leaving it in the soil. No other class of plants can do 

this, but depend upon the nitrogen already in the soil for a part 

of their food. Nitrogen is the most easily wasted and soonest 

exhausted of all plant foods in the soil, and this power of the 
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clover to increase instead of diminish the supply of nitrogen ac
counts for its wonderful fertilizing action upon soils. 

These rotations are not the only ones that can be practiced. 
Pdtatoes and roots, winter rye and crops for pasture, will necessi
tate a different order of cropping, but the general plan outlined 

above can be followed with profit under many conditions. 
While the results obtained in the work so far have shown the 

advantages of such rotations, experiments have also been started 
'to demonstrate by actual tests the comparative effects of numerous 
different rotations and their suitability for the many soil conditions. 

Plots have been laid off on ground as uniform as can be obtained, 
and this year's crop of hay has been cut from each plot separately 
to compare the yields of the plots. The results have shown a satis
faetory uniformity of yield from the different plots, showing that 
the several plots are nearly equal in fertility and other character
istics. On each of these plots a different plan of crop rotation will 
be inaugurated, and the result of a trial for a series of years will 
show the effect of the rotation on the soil and the relative profits 
of the crops produced. 

VARETY TESTS. 

As the conditions of soil and climate existing in the pine re
gion are peculiar to this section. it appears reasonable that some 
varieties of grain and other crops will prove better adapted to 
these conditions than will others. To seek to determine by careful 
comparison and trial what varieties are best, and then if possible 
to propagate them for distribution, has been one of the chief aims 
in the work of N. F. station. This is work which, while it is con
stantly being done in a small way by the farmer, can only be carried 
on thoroughly and efficiently on a large scale, such as no farmer 

has the time or means to adopt. The results of the 'tests made 
during the last four years at the station have shown that great 
variation exists, and these tests have clearly proven the superiority 
of some varieties over others. 

In testing small grains the object sought is to obtain those 
varieties which give 'the largest yield. To secure a proper com-
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parison the different varieties are grown side by side on plots of 
equal size and given uniform conditions of planting and treatment. 
Each plot is harvested when ripe, shocked and threshed separately, 
and the straw and grain weighed and recorded. The ground se

lected for such tests must be uniform. The comparative yields of 
grain grown on poor soil will be as valuable in testing varieties as 
those obtained on richer fields. Thus in 1898 the varieties of grain 
were grown on the poorest field of the farm, and the field grain 
grown on the other fields exceeded them in yield, but the variation 
was just as marked as it would have been on the better soil. 

VARIETIES OF WHEAT. 

The yields of wheat were seriously injured by water in 1896 
and 1899. The necessity of selecting level ground for the tests 
made this misfortune possible in the wet season as the level land 
was low lying. A perfect system of surface drainage is thus made 

necessary that valuable tests may not be interrupted in this manner. 

During the four years' work twenty-one varieties of wheat 
have been grow~1. These varieties came originally from Minne
sota, the Dakotas and Canada, as it has already been shown by 
tests conducted at the University Farm, that the best wheats for 
Mir,nesota are those now grown in the state. They included varie
ties of Fife and Blue Stem wheats, and one or two bearded whea!ts. 
Only four wheats have been grown consecutively for the four 
years. Some have been rejected on first trial and others after 

having been grown two or three years. An average yield is more 
to be depended upon than the yields of a single year, as the dif
ferrnce in seasons seems to affect varieties differently. The best 
varieties for a given locality are those that will average the best for 

all seasons. 
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TABLE 1.-Wheat Yields of Four Varieties for Four Years. 

= · 1 

I I I I 

IAveragelAverage i:I 0 Variety 1896 1897 1898 1899 for for 
SjZ . 4 years '97-'98 

146 Bolton's Blue Stem ............. 8.2 19.4 19.3 13.0 15.0 19.4 

61 Hayne's Blue Stem .............. 11.4 12.4 23.0 11.7 14.8 17.7 

66 Power's Fife ........................ 8.6 11.9 20.7 8.7 12.5 16.3 . 
105 Glyndon 711 ...................... 8.4 12.2 14.7 10.5 11.4 13.5 

TABLE 11.-Wheat Yields of Fifteen Varieties for Two Years. 

Variety 
11898118991 

51 IHayne's Blue Stem........... ........................................ 23.0 

169 Hayne's Blue Stem.................................................... 19.3 

146 Bolton's Blue Stem................................................... 19.3 

165 Wellman's Fife .............. ~........................................... 20.7 

.171 Risting's Fife....................... .............. ..... ........ .......... 16. 7 

181 McKendry's Fife ........ '. ................. ;... ......................... 17.3 

66 Power's Fife............................................................. 20. 7 

157 Glyndon 753......................... .................................... 16:2 

188 Preston............................................... ..................... 15.2 

167 Glyndon 761.............................. ................................ 15.7 

149 Power's Fife............................. ........ .. .... ...... ...... ...... 14.2 

185 Advance....................... ...... ........... .................. ......... 16.5 

155 Glyndon 818.............................................................. 14.7 

163 Glyndon 811. ............................................................ 14.7 

105 Glyndon 711.............................................................. 14.7 

11.7 

13.4 

13.0 

11.4 

12.9 

12.2 

8.7 

12.3 

13.4 

11.7 

12.3 

9.4 

11.0 

10.7 

10.5 

Average 
for 

2 Ye8.rs 

17.4 

16.4 

16.2 

16.1 

14.8 

14.8 

14.7 

14.3 

14.3 

13.7 

12.1 

13.0 

12.8 

12.7 

12.6 

These· results seem to show that in Northeastern Minnesota 
Blue Stem wheats will average two or three bushels per acre more 
than the Fife varieties, when grown under similar conditions. 
The notes which were taken on rust show that the Blue Stem 
wheats were less affected by rust than Fife wheats, which may ac
count for this difference. Of the Fife wheats Wellman's has given 
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the greatest promise; it has been grown but two years. In 1898 
this wheat was grown for the field crop and yielded 100.3 bushels 
on a field of three and one-half acres, or 28.6 bushels per acre. 
This field has been cropped for four years, three in potatoes and 
one in barley, and was manured for the barley. A small trial plot 
of wheat '\Vas grown in 1898 on new soil which proved too rich for 
it, causing it to lodge badly. The grade of the wheats raised here 
has varied with the season, but has averaged lower 'than the same 
varieties raised on the Northwest Experiment Farm in the Red 
River '\'alley. This is, no doubt, partially due to our moister cli
mate and the different character of the soil. Wheat should not be 
grown on a newly cleared field, until 'two or three other crops have 
been taken from it and the soil worked upon and mellowed. It is 
best to have it follow corn in rotation, especially if the corn has 
been manured. ·when properly grown, the yields will equal or 
exceed those obtained on the prairie where drought frequently oc
curs. But the growing of wheat in this section should be limited. 
When the cleared area is small, and especially when the stumps 
prevent the use of modern harvesting machinery, it will not pay 
to raise wheat in competition with the prairie sections. The sale 
of wheat from the farm will also remove much desirable fertility. 
Where grist mills are established it will pay to raise wheat as 
needed for home consumption or to supply a local demand, but 
stock farming will generally prove more profitable than all grain 
farming in this section. 

VARIETIES OF OATS. 

As long as lumbering continues in the pine region there will be 
a good market for oats. The oat crop is now the most important 
grain crop raised here. Oats will do better on new and raw soil 
and under adverse conditions than any other grain crop, and un
der favorable conditions will yield large crops. 

Twenty-three varieties of oats have been tested on the Farm 
gro11nds. Nine of these have been grown continuously for 
four years. l\fost of the others have been discarded as inferior. 
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TABLE III.-Oat Yields of Nine Varieties Grown for Four Years. 

Q • 1 QO 

~z 

6 

23 

35 

4 

64 

2 

29 

26 

36 

Variety I '"' I ,.'" I '"' I ,,,, I 
Improved Ligowa ......................... 38.6 65.6 61.3 43.7 

Lincoln ........................................... 30.0 67.6 46.3 41.9 

White Russian ................................ 35.7 61.7 4.1.9 40.9 

Earlv Swedish ................................ :H.1 53.6 49.4 36.3 

Blac~ Russian ............................... I '..!.'l.6 60.4 43.8 37.4 

White Wonder ........... ··················· 1 2B.3 56.1 49.4 35.3 

Archangel. ...................................... :J0.7 50.6 52.5 36.3 

Early Gothland .............................. I '..!l.0 63.4 45.0 40.7 

Giant Side ..................................... 25.7 58.7 46.9 29.4 

Average 
for 

4 years 

51.9 

46.5 

45.1 

44.1 

42.6 

42.5 

42.5 

42.5 

40.2 

The Improver! Ligowa has so far shown itself to be a heavier 
yielder than any other variety grown; averaging over five bushels 
per acre more than the Lincoln oats, which come next in order. 
In 1899 all the grain on hand of this variety, the yield of a one
tenth acre plot of the year previous, was sown and a field of 
grain in 1900 will be grown entirely of this variety, which will 
enable the station to distribute it for seed in l90I. 

The variety called "Minnesota No. 35,'' sometimes wrongly 
called "White Russian," has so far been the field crop. In 1898 ~ 
field of l r.s acres yielded 70I.3 bushels, or 61 bushels pe'r acre. 
In the spring of 1899 four hundred and fifty bushels of this 
variety were sold for seed oats and more will be available in 1900. 
The yield in 1899 on a four acre piece was 218.5 bushels, or 54.6 
bushels per acre; nearly all the varieties given in the table are 
valuable. They appear to maintain their yield and weight well. 
Minnesota No. 36 (Giant Side) is a late side oat and a lighter 
yielder. The others are all medium early, open-panicled oats. 
Two new varieties, Houston"s Silver White and Golden Sheaf, · 
tested in 1899, gave a slightly better yield than any of these and 
will be tested farther. Some oats \vhen brought into this section 
from other regions tend to lose weight and yield. Those vari
eties that maintain their good qualities should be quite valuable 
for general gTowth. 
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VARIETIES OF BARLEY. 

Only four out of seventeen varieties of barley have been 
grown continually for years. 

TABLE IV.-Barley Yields of Four Varieties Grown for Four Years. 

--·=~~~~.--. __ 1_18-96-~1. --~-~-i= • 1 
i= 0 

;;iZ --·-- I I I 
Average 

1897 1898 1899 for 
4 years 

6 Manshury .. ............... .................... 29.1 I 
26 Manshury ...................................... 19.4 I 

36.2 28.9 28.7 30.7 

31.6 28.7 32.5 28.1 

, 28 Bernard's .................................... ·_····_·· ··-2:1 
7 Champion of Vermont. ................. I 26.5 

====================== 

30.1 26.3 26.2 27.2 

32.3 26.3 16.4 ~!'J . ..J. 

The results show that the six-rowed barleys are the best 
yielders; out of these the Manshury is much the best. Two differ
ent strains of this nriety, Minnesota No. 6 and Minnesota No. 26, 
were tried, both of which proved better than the other kinds. Of 
the two-rowed type, Minnesota No. 7 (Champion of Vermont), is 
~he best that has been tried. A field of 24 acres sown to Minne

sota No. 6 barley, in 1898, gave 98.3 bushels, or 41 bushels per 
acre. Barley should be raised here only for feed. Its best use 

is for hogs. Like wheat, it is not profitable to grow for the mar
ket on small, half-cleared fields. 

All the small grains are sown on fall plowing, or on corn 
land. which is worked up with a disk harrow in the spring. 
Spring plowing leaves the soil too loose for grain and retards the 
seeding. Grain should have a rather compact seed bed, and should 

be sown as early as possible in the spring. Wheat should be sown 
as soon as the ground can be dragged and before the frost is all 
ot!t of it; if sown later than May I st, it will seldom yield a full 

crop. In 1898 the wheat was sown April 18th and ripened in I 15 
days. \Vet weather delayed the sowing of the land selected for 

wheat in 1899, until May 5th, and the yield was seriously lessened. 
The oat crop was sown in 1898 on April 25th and ripened by 
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August 8th, averaging 107 days. Barley is most apt to be in
jured by a late spring frost and canndt safely be sown much be
fore May 1st in this latitude. In 1898 the crop was sown April 
27th and escaped injury. vVhere grain is sown early it forms a. 

better root system, is better able to resist drought later on, ripens 
somewhat earlier, is not so much injured by rus't and will gen
erally produce a better yield. 

FIELD PEAS. 

Field peas have been grown every year with only moderate· 
success.• The variety tests have shmn1 that the small white pea, 
generally known as "\;v'hite Canada" field pea, gives best yields 
of grain; yields of twenty-five to thirty-two bushels per acre were 
olJtained in 1898 on twentieth-acre plots. The climate is well 
suited to peas, but they are found to do best on a heavy clay or 
clay loam soil. On light sandy, or sandy loam soils, they will not 
succeed as well as other grain crops or clover. A large acreage 
should not be planted to peas, until they are first tried in a small 
way to note whether the proper condi1tions for their successful 
growth are present. \Vhere they can be grown they make qne 
of the most valuable stock foods to be found and can be fed green 
by pasturing hogs or sheep upon them, or by cutting and throw
ing to hogs for them to thresh out. Peas act upon the soil in the· 
same manner as clover by adding nitrogen to it. 

\' ARIETIES OF CORN. 

Corn has been ripened by the Indians much farther north than 
Grand Rapids for a long time past. The varieties obtained from 
this source, known as "Squaw Corn," are rather small with ears 
near the ground. By selection and improvement strains have been 
bred from this stock that are much superior to the old kinds. 
Flint corn has been pushing farther and farther north and sup
planting the "Squaw Corn," and of late vears a few hardv vari
eties of Dent have become acclimated as far north as Aitl;in and 
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Duluth. Corn is more susceptible to slight variations in climate 
than any other crop, and a difference of one hundred miles north 
or south necessitates the use of different varieties of corn for the 
best results. A variety of Dent corn may not ripen at Grand Rap
ids, and yet may be adapted to conditions about Aitkin or Brain
·erd. Corn is easily improved by careful selection or by crossing 
two or more kinds follo\\·ed by selection of the best resulting 
types. This process of selection is carried on, consciously or un
·ccnsciously, by all corn growers. To this power of variation and 
acclimatization, aided by selection of seed, is due the gradual im
provement and northern extensions of the better varieties of corn. 

The work of Northeast Farm has been that of testing 
:all varieties thought to be best suited to northern conditions, for 
the purpose of selec'ting some that may be an improvement over 
those now being grown. The best of these will be grown in an 
·effort to still further improve them. About fifty varieties have 
been tested. No attempt has been made to keep these separate; 
their number made this impossible, and it was more important 
that they be tested under the same conditions of soil and drain
.age. The plots were grmrn side by side. Sufficient seed is pro
cured from the original source to allow some to be saved pure, to 
be .used if the variety is worthy of propagation. 

The smaller and hardier flint varieties will ripen with a fair 
<legree of certainty. The Palouse corn, from Washington state, is 
smaller and earlier than any other variety tested, and will, un
-doubtedly, ripen much farther north than .Grand Rapids, even be
yond the Canadian line. The most promising Dent corn is a 
variety obtained from l\Ir. Jacob Berg, of Mentor, Polk county, 
Minn. This corn ripens several da::s earlier than any other Dent 
tried, and by careful selection and adaptation can probably be 
made a sure crop for this vicinity. Larger Dents, like the Golden 
Drop and St. Cloud yellow Dent, are a little too late for a sure 
crop as far north as this, though in good seasons and favored 
localities they might ripen; they should be reliable below Aitkin 
or vVadena. Steady improvements may be looked for along this 
line, and as the varieties improve, it will become more profitable 
'to raise corn for ears. 
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TABLE V.-Oorn Varieties Grown in 1899. 

Va'riety Name Where 
Obtained I Height I 

s __ q_u_a_w-.-.. -.. -.-.. ~.1-c_r_a-,-,,-~-0-r-d-.s-.-.-.. -.. -.. _,_G_r_a_n_d_R_a_p-id-s is ft. 6 in· I 

Squaw ......... , Poole's .............. Grand Rapids 3 ft. 6 in. 

Squaw ......... Fuller's .............. Warren ......... 3 ft. 6 in. 

Flint, White. Dakota ............. Minneapolis .. 4 ft. 

Flint, White. Will's Dakota .... Bism'r'k, N.D. 4 ft. 

Flint, Yellow Lifquist's ........... Wadena ......... 5 ft. 

Flint, Yellow Gehu .................. Bism'r'k, N.D. 4 ft. 

~~ I No. of I Condition 
i:: Rows of When 
:! 'O Kernels Frozen 

7 fn. 8 Ripe 

7in. 8 Ripe 

7in. 8 Ripe 

8 in. 8 Ripe 

8 in. 8 Ripe 

8 in. 8 to 10 Ripe 

8 in. 10 to 12 JUpe 

Flint, Yellow Tweeton's ......... Crookston ..... 4 ft. 9 in. 8 in. 8 Ripe 

Flint, Yellow Minn. Wh. Flint !\linneapolis .. 5 ft. 6 in. 8 in. 12 to 16 Glazing 

Flint, Yellow Triumph ............ :L\Iinneapolis .. 5 ft. 9 in. 10 in. 

Flint,Yellow Mercer ............... Minneapolis .. 6 ft. 9 in. 

Flint, Yellow Longfellow.·:····· Minneapolis .. 6 ft. 8 in. 

12 

12 

8 

Glazing 

Dough 

Early dough 

Flint, Red .... Lommen's ......... Crookston ..... 5 ft. 9 in. 8 in. 10 to 12 Doug~ 

Flint, Red .... King .................. ~Iinncapo1is .. G ft. 6 in. 8 in. 8 Early dough 

Dent, White. Palouse ............. \Vash. State .. 2 ft. 9 in. 6 in. 10 to 14 Ripe 

Dent, White. Berg's ............... Mentor .......... 5 ft. 3 in. 8 in. 12 to 16 Ripe 

Dent, White. Cooper's ............ St. Cloud ..... 5 ft. 

Dent, White. Golden Drop ...... \Visconsin ...... G ft. 6 in. 

Dent, Yellow Cooper's ............ St. Cloud ....... 6 ft. 3 in. 

Dent, Yellow Minn. King ....... Minneapolis .. 6 ft. 

Dent, Yellow Dakota .............. Minneapolis .. 6 ft. 

8 in. 10 to 14 Dented 

9 in. 12 to 16 

7 in.12to 20 

8 in. 8 

8 in. 16 

Partly 
dented 

Slightly 
dented 

Dough 

Milk 

Dent, White. Rustler .............. Minneapolis .. 6 ft. 6 in. 8 in. 12 to 16 Early milk 

Dent,Striped Northwestern .... Bism'r'k,N.n. 6 ft. 9 in. 9 in.12to16 Early milk 

Dent, YelJow Minn. No. 13 ..... /st. Anth'y P'k 6 ft. 6 in. 10 in.I 12 I Early milk 
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FORAGE CROPS. 

PERENNIAL, MEADOWS AND PASTURES. 

The hay crop will be for some time to come the most im
portant money crop of the forest region. There is a constant de
mand for hay in winter to supply the lumbermen, and in most 
sections it commands a fair price. At present wild hay forms the 
bulk of the supply. It is obtained from natural meadows, some
times of great exttnt, lying usually along water courses. Such 
hay requires only the cutting. ·Many meadows may be greatly 
improved at small expense, by clearing out brush and rubbish and 
by partial drainage. 

Tame I-!a·y.-As more land is cleared, tame hay will occupy 
a more important place. The first seeding done on a new farm is 
generally among the stumps either sown alone or with oats as a 
nurse crop. After a crop or t\YO is re'moved the field is used for 
pasture, sometimes for a number of years. \i\Then the stumps 
are numerous and work is being clone on other portions of the 
farm, this is sometimes the most profitable policy, but more often 
land is kept in grass when it should be broken and planted to 
other crops. Keeping one portion of a farm in pasture, while 

potatoes and oats are grown year after year upon the remain
ing fields, cannot be too strongly condemned. If, instead, the 
rotations outlined in a preceding portion of this bulletin he prac
ticed, the yields of both hay and grain will be much increased. 
Upon Northeast Farm a large acreage is annually sown to 
grass. The sod is not allowed to lie more than two or three years. 
The first two crops of hay are much larger than succeeding crops 
would be and if the sod is then turned under it is of great benefit 
to the soil and the succeeding crops. Within two years the piece is 
again seeded. By this method about one-half of the farm is in 
grass each year. The grasses used most extensively for hay are 
timothy ancl reel clover. There is no longer any question as to 
tlie possibility of growing red clover in the forest regions of Min
nc~ota. During the four years in which clover has been grown 

G 
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on Northeast Farm there has been but one failure, which was 
caused by winter killing in the winter of '97 and '98. During 
this season the ground was bare nearly all winter. The deep 
snow of an ordinary winter furnishes the best possible protection 
to the clover. Clover and timothy have been usually sown to
gether, with oats as a nurse crop. The seed was sown after the 
oats with a Thompson wheelbarrow seeder, which sows, broad
cast on the surface. This method is comparable with hand 
sowing, but distributes the seed more evenly and is not seriously 
interrupted by wind. The seed was dragged in \Vith a light 
slant-tooth harrow, to cover lightly. Except where sown on new 
ground to increase the pasture, grass seed should not be sown 
alone. Less seed is required, but except 1mder very favorable 
circumstances, no crop is produced until the second year, and 
weeds are apt to be troublesome. A grain crop as a nurse crop 
keeps down the weeds, produces a profitable crop on the land for 
that year and by its early removal gives the grass time to grow in 
the fall and produce a full hay crop the following year. ·wheat 
and barley when grown as nurse crops do not shade the ground so 
densely, nor remove so much moisture as oats, and thus give the 
grass a better chance. The new grass should never be pastured 
in the fall of the year in which it is seeded. The young and 
tender plants are so seriously injured by cropping and treading 
that the prospects for the following year may be completely ruined 
and in many cases fall pasturing will heavily reduce the yield. 
Different amounts of seed have been sown, varying from ten 
pounds each of clover and timothy per acre, to five pounds of 
clover and eight pounds of timothy. If uniformly sown six 
pounds of clover and nine pounds of timothy will give a stand 
sufficiently thick. This will be one part clover and two of timothy 
by measure sown mixed together at the rate of nine quarts per 
acre. 

The first seeding on the farm was in '96, on a field that had 
been in potatoes for three years. This field is the poorest soil on 
the farm. In '97 a crop of clover was cut from it which averaged 
2.3 tons per acre. The second crop of clover was cut the same 
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year and yielded nearly a ton. On the following year the yield 
was largely timothy and as the sod had been injured by the severe 
exposure of the winter, the yield was light. This sod was turned 
under in the fall of '98, and in '99 bore oats and was again seeded 
down. The stand of grass in the fall of '99 was nearly perfect
In a field seeded in '97 the clover was killed out the same winter, 
but the timothy yielded a fair crop in '98, and was pastured during 
the summer of '99 and plowed up in the fall. About 25 acres was 
seeded in '98. Most of this ground had never been seeded t() 

clover before. It was noticed that on the newest land the clover 
did not flourish evenly for the first crop, but still grew in sufficient 
quantity to make up at least one-half of the hay. The second 
crop of clover on this same land made a very fine, even growth_ 
On the older fields, although never sown to clover previously, the 
stand was even and heavy for both crops of clover. On one such 
field of 3-25 acres, sown with wheat in '98, the first crop yielded 
9.55 tons, or 2.94 tons per acre. The second crop was cut, yield
ing 3.87 tons or r.19 tons per acre, making a total per acre of 
4.13 tons. From the new land, seeded with oats, on which the 
stand was about one-half timothy, 36.15 tons were cut from II.8 
acres, giving a yield of 3.06 tons per acre. 

The second crop of clover on a portion of this field was 
plowed under, that the land might be used the following year for 
some experiments for which level ground was needed. The re
mainder was pastured in the fall. It may not always be advisable 
to cut the second crop of clover for hay. Great difficulty may be
experienced in curing it. Probably the most profitable use for 
it is as a fall pasture. The clover is a biennial plant and bears its 
crop the second year after seeding. It is only propagated after 
this by seed. If the second crop is allowed to go to seed on the 
ground the clover will be perpetuated. Otherwise the crop of 
the following year will be largely timothy. Comparative tests 
have been made of other grasses for their adaptability to light 
soils. These tests have shown that both reel and alsike clover 
will do better on such soil than the true grasses· Alsike clover 
is slightly better adapted to heavy, wet soils than red clover, and 
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will ·make good growth, in partially drained soils where red clover 
will be injured by water. On ordinary soils red clover is much 
superior in stand, yield and aftermath to alsike. Of the grasses 
Bromus Inermis gave best results on light soil. This grass is a 
new species imported from Russia, and is coming into general 
use in some parts, being well able to stand droughts and cold. It 
may prove valuable for sandy soils, but should be tried on a small 
scale first. Red top is best suited to moist soil conditions, and did 
not do as well as timothy in this test. Orchard grass is not valu
able, giving almost no yield. Alfalfa was not able to stand the 
winter, and probably cannot be grown this far to the northeast. 
Much work remains to be done in testing grasses. 

A?\NUAL FORAGE CROPS. 

In live stock farming dependence cannot ahvays be placed on 
the hay crop to furnish all the forage necessary for wintering 
over the stock. Should the hay crop fail or be light, the farmer's 
chief reliance is raising a crop of forage which requires but one 
seawn for growth. Some kinds of forage, such as fodder corn, 
are grown so cheaply and in such quantities, that they should be 
extensively grown and fed as a substitute for hay. 

The principal classes for forage experimented with have been 
the millets, sorghum and corn. Millet furnishes a good quantity 
of hay. It was found to do best on rather heavy soil. Its best 
use is as a catch crop after a failure of some early crop or as a late 
crop on new land. Millet sown as late as July rst has produced a 
fair crop of hay on Northeast Farm, but it should ordinarily 
be sown by the middle of June. It must not be sown in 
spring much earlier than the latter part of May, since like 
the corn the seeds will rot in a cold, damp soil. The hay 
should be cut before the heads are all out. If too ripe the 
seed is indigestible and dangerous to feed. Of the varieties 
tested those ·most suitable for hay were the Common, Hun
garian, Golden and German Millet. Thev vielded between 
I ·5 and 2.5 tons per acre. Common millet is ;omewhat earlier 
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than the others, and is the best variety for very late seeding. 
"BrC'.om Corn" millet, or "Hog" millet, is coarser in stalk, pro
duces a larger yield of forage, and will give a heavy crop of seed 
which can be used for hog or chicken feed. It does better than 
the others in wet places. 

Sorghum, and the similar fodder plants, Kaffir corn, Jerusalem 
corn, and Dhoura, have been grown to compare them with corn. 

The tests have indicated that for this latitude none of these pl~nts , 
are equal to corn in ease of growing and amount of fodder pro
duced. They are all accustomed to a warmer climate than corn 
and cannot be planted as soon in the spring. They do not ma
ture sufficiently before frost to yield the maximum crop, and the 
fodder being immature does not make as good feed. Their use 
is not recommended in place of fodder corn. 

For winter forage, as a substitute for hay, fodder corn stands 
easily first. If properly cut and cured it is S\veet and palatable 
and stock relish it. The yielcl per acre of cured fodder is between 
three and four times as great as hay, and although corn does not 
contain the same, nor as valuable food products as clover hay, yet, 
the much greater yield more than makes up for this, and the 
actual value of the fodder from an acre may be double that of 
clover hay. 

By the growth of foclder corn a small farm may be made to 
support half again as many cows as could be carried along on 
other crops. Fodder corn has always been one of the staple 

crops on the Northeast farm. In the winter of 1898 and 1899 it 
was the only fodder feel to cows. Fed with a proper proportion 
of bran, to make a balanced ration, the fodder corn raised on a 
field of three and one-half acres, supported six milch cows for 
five months. Fodder from this same field was fed in addition 
twice a clay, for the same period, to a flock of fifty sheep, whose 
only other rough feed was straw. The corn in this case was run 
through a feed cutter and none was wasted. If feel whole there 
will be some waste. 

The growing of fodder corn aids in establishing a good rota
tion of crops· It responds to fertilizers more readily than any 



722 ANNUAL FORAGE CROPS. 

other crop and thus furnishes the best opportunity in the rotation 
for applying manure. If cultivated well, it cleans the surface soil 
of weeds. The varieties of corn grown for fodder at the Farm, are 
the leafy dent kinds which ripen in the southern part of the state. 
These kinds are more suitable for fodder here, than those adver
tised in seed catalogues as fodder or ensilage corn, which are apt 
to be too slow in maturing for our climate and too coarse for the 
best grade of fodder. Southern lVIinnesota dent corn will mature 
sufficiently for fodder much farther north than Grand Rapids. 
The seed will not ripen here and must be imported each 
vear. The results of experiment have shown that it is better 
to plant corn for fodder in drills rather than to broadcast it. 
Broadcasted corn stands so thick that the moisture supply may 
be exhausted before proper growth is made. The corn on the 
farm is now sown in drills, far enough apart to admit of cultiva
tion between them. Last season it was planted with the grain 
drill by plugging up all the holes but those desired. Double rows 
of corn were sown six inches apart with a space between each 
double row of thirty-six inches. One bushel of corn per acre was 
needed when sown in this way. This gave a stand thick enough 
to prevent the formation of large stalks which the cattle waste 
when throvm to them whole. The corn was sown June 9th. It 
should not be sown much earlier than this for fodder. It was 
cut between the rnth and 20th of September. To secure the best 
fodder, corn should be left until it has begun to mature, as indi
cated by the lower leaves beginning to turn yellow. Frost injures 

_ the quality and palatability of the fodder. If planted the second 
week of June it should be fit to cut about the first week in Sep
tember, when it will generally escape all injury from frost· It 
should be cut and shocked in medium-sized shocks. It has been 
found practical to cut fodder corn planted in double rows by horse 
power, by using the low sled so generally adapted in other sec
tions. This sled is a V-shaped platform of boards mounted on 
2x6 plank runners. Knives made from old saw blades are set 
along each edge at an angle of sixty degrees with the front. A 
single horse ciraws the sled, walking between two rows, which are 
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cut off by the knives. Two men riding on this sled catch the corn, 
and stopping the horse for every armful, set it up in shocks. This 
method saves over half the time in cutting. It is more difficult 
to build good shocks, but on the whole is probably a better ·method 
than hand-cutting. The efficient, but expensive, corn binder, 
which cuts and binds the corn stalks into small bundles, will not 
be used for some time, except in the older and better-developed 
C<>mmumttes. The corn at the Northeast Farm, after standing 
about six weeks, was re-shocked, putting three shocks into one. 
By this method the corn was first allowed to cure weli, and then by 
increasing the size of the shocks it was given better protection 
from the weather. It .:;tood in the field in these shocks all winter, 
being hauled up, rnt and fed, as needed. Unless tied in small 
bundles and stacked after thorough curing, this is probably the 
easiest way of hanclling it. The yield in 1898 was about seven 
tons of cured fodder per acre. 

In new sections where roads are poor and it is not possible 
to get grain threshed, it is customary to cut the oat crop and feed 
it whole. \iVhen this is clone the crop should be cut earlier 
than for grain. If the oats are cut _when the grain is in the milk 
nearly as much food will be secured as at any later period, as at 
this time it is evenly distributed throughout the plant, making a 
palatable food of the stalks, which later on, with the ripening •Jf 
the grain, becomes straw. 

Peas are sometimes sown with the oats for hay, but under 
our conditions the oats are apt to crowd them out, and they should 
generally be sown by themselves, or with a very small quantity of 
oats, one or two pecks per acre, to support them. 

ANNUAL PASTURE CROPS. 

To furnish pasture for animals it is sometimes necessary on 
farms that are heavily stocked, or where condition.s of drought 
prevail in summer, to grow crops to supplement the grass pastures 
at certain seasons. ·while it may be difficult to spare land for 
such a purpose, yet the great abundance of pasture provided by 
some of these crops on a small space may make it profitable to de
vote a portion of the farm to such uses. 
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The experiment work, so far, has been with winter rye, corn, 
s0rghum, rape, oats and peas. Actual tests were made of 
these crops by pasturing animals upon them to obtain some idea 
of the amount of pasture they would furnish. Cows waste too 
much by trampling; but sheep may be pastured on any crop and 
will consume it without waste, and hogs may be pastured on 
rye, peas and rape with great profit. In supplying such addi
tional summer food to cows, and in some cases to hogs, it may be 
found more satisfactory to cut and feed it to them. This requires 
additional work, but greatly increases the amount of food secured 
from a small acreage. 

Winter rye was sown about September r. If sown much later 
than this it does not have time to prepare for winter and will not 
make a good growth in the spring. Its best use is as an early 
spring pasture. It comes on two to three weeks earlier than 
grass, and if kept cropped reasonably close, may be pastured for 
six or seven weeks. If not pastured it will make a good crop of 
hay by cutting early, or may be left for a grain crop. Rye will 
grow well on any soil. Oats and peas sown together for pasture 
furnished as much food as rye, but were not ready for pasturing 
until about the middle of J u;1e. Corn was sown broadcast, and 
furnished a large amount of food in July and August. When 
bitten off it does not sprout again, and pasturing with cows is not 
the most economical use to put it to, but for a soiling crop to be 
cut and fed in these months it is superior to all others. Sorghum 
and Kaffir corn sprout quickly when eaten off, and for a hot
weather pasture especially for sheep, may have a place in our farm 
economy. 

Rape is a plant allied to cabbage, but whose foliage resem
bles that of turnips. It will produce a great quantity of fodder 
under favorable conditions ,and is especially valuable for a late 
fall pasture for sheep. It resists light frosts easily. This plant 
grows on muck soils. but must have good drainage. The - sand 
vetch and spring vetch have been grown, but have not given 
as good results for pasture crops as any of the other crops. They 
will thrive on very sanely soil and improve its condition. 
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POTATOES. 

The soils of this section are well adapted to growing potatoes, 
the quality of which is unsurpassed· The potatoes grown in the 
Chisago district have won a wide reputation. The crop is an im
portant one to the settler, as it gives large returns from a small 
acreage. Upon new ground, or where wise rotations have been 
practiced, the yield of potatoes will ordinarily average over 200 

bushels and very much larger yields have been reported. The 
work of Northeast Farm has been to test different varieties 
for yield and adaptability. Fourteen kinds I1ave been grown for 
three years, and many more will be tested in the future. 

TABLE VI.-l'otatoes Yields for Three Years. 

1

189611897118981 A vg:ge 
Variety Bu. per Bu. per Ru. per 3 trials 

Acre. Acre. Acre. Bu. per 
Acre. 

American Wonder................................................ 347.0 

Prize Taker.......................................................... 343.0 

Carmen No. 3.................. .................................... 316.0 

Carmen No. 1................................... .................. 277.0 

Freeman.............................. ............ . ................ 320.0 

Irish Daisy.... .................. ...... ..... .................. ..... 289.0 

Irish Cobble~................................................ ...... 312.0 

Rural Blush.......................................................... 273.0 

New Queen............................. ..... ................... ... 257.0 

Early Ohio........................................................... 246.0 

Acme.................................................................... 280.0 

Good News........................................................... 296.0 

World's Fair........................................................ 289.0 

Maggie Murphy ............................................................ .. 

White Elephant ............................................................. .. 

Burbank ....................................................................... .. 

184.3 

177.6 

171.5 

198.4 

150.1 

195.1 

141.0 

169.9 

211.2 

223.3 

139.1 

175.4 

90.9 

214.4 

222.2 

227.7 

250.0 260.4 

239.0 253.2 

261.3 249.8 

180.0 23\.l.6 

213.5 227.9 

191.7 225.3 

217.1 223.4 

219.8 220.9 

193.4 220.5 

165.6 211.6 

201.6 206.6 

146.8 206.1 

158.7 17\J.5 

251.5 ··············· 
165.1 . .............. 

. ........... ·············· 

The American Wonder has given the heaviest average yield, 
and is a medium-sized, good marketable potato. It gives rather 
more culls than some other varieties. Maggie Murphy is a large 
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yielder, but grows too great in size, and is not as good 'a table 
variety as others. Carmen No. 3 and Carmen No. r, both smooth, 
white potatoes, gave the most uniform yield of marketable tubers. 
No. 3 is a trifle too late in ripening for best results. Burbank 
yields well and is readily marketed, but is somewhat late. Of 
the early kinds raised the Early Ohio is popular. It keeps well, 
and is excellent for the table, although apt to grow hollow. The 
Acme, a variety somewhat resembling it, is nearly· as early and 
a good yielder. It has not been found advisable to plant potatoes 
before June 1st. Late varieties, as Carmen No. 3, will not always 
ripen thoroughly before Oct. rst· In an average season they 
should be dug between the rst and roth of October. When in
tended for storage and spring markets, it is probably more ad-_ 
visable to grow a second early kind if it is a good yielder. The 
Early Fortune has been grown quite largely about Grand Rapids, 
and is recommended. 

If potatoes are grown on the same soil year after year they 
win soon exhaust its fertility, and scab is almost sure to make its 
appearance. Scab is a fungus which lives upon the potato. It 
is never present in new soil, and must always be brought into it by 
planting scabby potatoes. Even if scabby seed is planted in new 
soil, the first crop is comparatively free from scab, as it seems to 
take a year or two for scab introduced in this way into new soil 
to multiply sufficiently to affect the crop. Once introduced it is 
only a question of time until the ground is so infected with scab 
that potatoes can no longer be grown there. This is the reason 
that clean seed when planted in such ground will produce a scabby 
crop. Scab will live in the ground for several years, and the 
only way to kill it is to avoid planting potatoes on it for a number 
of years. To avoid scab altogether, clean seed must always be 
planted in clean ground. If clean seed cannot be had, scabby seed 
may be treated in such a \vay as to kill the scab. To do this soak 
the whole potatoes in a solution of corrosive sublimate for an 
hour before planting. Two ounces corrosive sublimate dissolved 
in a small quantity of water and diluted to eight gallons will give 
the proper strength. 
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VEGETABLES. 

It is safe to say that nowhere in Minnesota can vegetables be 
grown superior in size and quality to those produced in Northeast 
Minnesota. Northeast Farm has grown nearly every known 
kind of vegetable and annually tests many different varieties in the 
garden. As there is no difficulty in growing any of the common 
vegetables, as peas, beans, beets, sweet corn, onions, etc., the cat
alogues of reliable seedsmen are the best available guides as to 
varieties to choose, and individual taste will have to decide the 
matter. The shortness of the season makes it necessary to take 
especial care of tomatoes, in order to enable them to ripen before 
the frost. Dwarf Champion, Stone, Honor Bright, Early Minne
sota, and Acme, are recommended as being early and prolific· The 
season is rather short for melons, though with good care the early 
varieties of musk melons can be ripened. Early Netted Green, 
Emerald Green, and Jenny Lind are good varieties for trial. A 
small variety of watermelon, the Hungarian Honey, will ripen 
here, and possibly others. Hubbard squash ripens, but requires 
gt 1od care. To better carry on the work in gardening, the Farm 
has constructed a hot-bed, in the form of a green house, with an 
alley and beds on each side. the whole covered with sash. This 
i; heated by a layer of rotting manure 3 feet deep, upon which is 
µlaced six inches of dirt. This simple structure makes it possible 
to start tomato, cabbage, and cauliflower, and even melon plants 
quite early in the spring. Raddishes and lettuce have been raised 
in it and matured before the seeds planted outdoors had germin
ated. By giving melon plants an early start, and moving them 
out doors before they are grown enough to set them back, the 
chances of a good crop are materially increased. A few tomato 
plants were left in the house all summer and by covering them 
with the sash in the fall the period of ripening was extended con
siderably. 
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STRA \VBERRIES. 

Strawberries are grown successfully on the Northeast Farm. 
Yields of 3,000 quarts per acre have been obtained. The ground 
selected is rather moist. It is well manured with rotted stable 
manure plowed in. A new bed is set out each year in the spring 
and the plants are taken from the bed set out the year previous, 
before they have ever borne fruit. They are planted in rows four 
to five feet wide, leaving two-foot spaces between plants. The 
rows are cultivated one v,;ay the first year, and the runners allowed 
to grow at will, and form a matted row of plants. No fruit is 
allowed to set the first year. The main crop is borne the second 
year. The bed may be saved for another crop by plowing under 
most of the vines, leaving strips from which the runners may 
spread and renew the patch· The bed is covered in the fall after 
the ground freezes, with a layer of straw three inches deep. This 
is left on in the spring as long as possible, which is until the 
plants start to grow strongly. By thus delaying the start, clanger 
of frost on the blossoms is averted. The straw is then raked off 
the rows and left on the ground between them. This keeps down 
the weeds and prevents the ground from drying out when the 
berries are ripening. Bare, exposed soil at this time will result in 
a small crop of ill-formed berries. This is the reason why some 
have found that berries sometimes yield better in grass and weeds 
than on ground kept clean. It is naturally better to substitute straw 
for the weeds. Berries raised in this way will ripen here between 
the rst and r5th of July, at which time they will bring a good 
price. Some of the best varieties. of strawberries have imperfect 
flowers, lacking the stamens, or male organs. If these kinds only 
are raised they will produce no berries. They must be planted 
in alternate rows with a perfect-flowering variety. Varieties with 
perfect flmYers, if planted al011e will produce the usual crop. The 
varieites used on Northeast Farm were Haverland, Warfield and 
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Crescent, all imperfect or pistillate, with Bederwood, a perfect
flowering or staminate variety, in alternate rows. Many others of 
the best varieties will come into bearing in 1900. 

RASPBERRIES. 

A plantation of 600 raspberries was set out in '96 and mor~ 
have been added since. High water injured one-half of these 
plants and the open winter of '97 and '98 killed back a part of 
them, but the crop of berries borne in 1899 was very satisfactory. 
If given proper winter protection the hardier varieties of red and 
black raspberries can easily be grown here with complete success. 
The bushes are bent over in the fall by loosening the dirt on one 
side and bending them in the root, till they lie under the ground. 
They are then covered with earth to a depth of three inches and 
left until they start in the spring. The varieties proved to be 
lnrdy by trial at the Farm are: 

Red-Hardiest, Turner, 1farlboro; second hardy, Columbia. 

Black Caps-Hardiest, Older. Nemaha; second hardy, Ohio. 

The kinds more recently set out have not been tested long 
enough as yet to report upon. 

Blackberries-two varieties, the Snyder and Ancient Briton
a re being grown. The bushes must be laid down in the same 
manner as the raspberries. To try to bend the canes will be apt 
to result in injury. The Snyder is the earlier variety. Both 
these varieties bore fair crops of berries in '99, and promise to 

<lo well in the future. 

Gooseberries are perfectly hardy. The varieties grown are 
the Houghton and Downing. The Juneberry and Sand Cherry, 
while not particularly valuable, grow readily anywhere. Cur
rants have been only moderately successful. 
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Some years ago it was not thought possible to grow apples 
in the northern half of the state, but with the improvement in 
varieties the northern limit of growth is retreating. Grand Rap
ids may be considered at preasent as being very nearly the most 
northerly point at which apples can be grown. It is therefore well 
suited for testing the possibilities of new varieties for hardiness. 
The orchard is now three years old. The trees were heeled in the 
first winter and set out in the present orchard in the spring of 
'98. The winter of '98 and '99 following was a very severe one, 
and some varieties were badly injured. The trees were protected 
by mulch and the trunks were wrapped with burlap to prevent 
sunscalding in the early spring. 

Those varieties of crabs and apples that survived the winter 
without injury are recommended as being perfectly hardy. Some 
of the others may succeed if given a better start before being sub
jected to such trying conditions· The varieties foun9 to be hardy 
are: 

Crabapples-Martha and Virgina. 

Apples-Silken Leaf, Christmas. 

Duchess and Hibernal were badly injured, but some trees 
lived through and may survive. 

Early Strawberry Crab, Ostrakoff and Dart's are probably 
not hardy enough for the climate. 

PLUMS. 

An orchard of over roo hundred plum trees was set out .::i 

'99. These include many new and superior varieties. It is 
thought that these plums will be perfectly hardy as many native 
plums grow much further north than this. 
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