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CHAPTER I 

MTRODUCIIOI 

This study was designsd to determine the effects of shattering 

the subsoil belov normal plowing depth on the yields of eom» wheat 

and red clover bay) the moisture content of the soil at critical 

periods during the growing season and the ozganio matter content of 

the subsoil as an evidence of increased root development in the sub 

soil. The longevity of these effects were also to be determined by 

rapesting the crop rotation on the same plots without re-subsoiling. 

An evaluation of heavy-duty disking as a substitute for ordinary 

plowing in the initial preparation of a seedbed for corn was in 

cluded in this study as a secondary objective. 



 

CHAPTIR n 

mm OFimmm 

Ths Uteratttn ralating daep tillage to crop ;y'ield8 and 

moisture retention in tbe soil is rather extensiret beginning with 

a investigations early in the present oentuzy and increasing in 

number and complejcity to the present date* However^ definite oon» 

elusions as to the value of this practice are difficult to establish 

beeause the investigations have been made under widely varying soil 

coziditions* The primary objective of many investigators has been to 

increase crop production or adaptability on a difficult soil situa 

tion rather than to prove the value of the practice on normally 

productive soils. 

Smith (17) experisMmted with subsoiling, deep tilling and sub 

soil dynamiting on gray silt loam on tight clay soil at two locations 

in Illinois. On the basis of thirteen years results at one location 

and six to nine years at the other, he stimniarisedi 

The yield differences were so small and variable that 
the only possible conclusion is, subsoiling has neither 
increased nor decreased the com yields. Hone of the three 
practices had any beneficial effects on the yields of com, 
wheat, soybeans or sweet clover. Shattering is essential 
to water axul root penetration in these soils but they are 
rarely, if ever, dry enough and are very unlikely to remain 
shattered. 

Call and Throckmorton (3) used dynsoite to igq;)rove heavy clay 

soils at six locations in Kansas. In suNsariting the results of this 

jLi 



ixnr«stigatlon they etatedt 

la most cases the difference in yield was no greater 
than would occur on two areas of soil similarly treated. 
Moisture determinations showed no marked differences. 
The physical condition of the soil after dynamiting was 
poorer, being ccaqpacted and puddled rather than shattered 
and cracked. 

Jones and Beasley (p) investigated substitutes for ordinary 

plowing for com on a Putnam silt loam soil in Missouri. They found 

none of the sid»8titute8, including subsoiling, equal to plowing as 

measured by corn yields. Putnam silt loam would be classified as a 

problem soil because of a dense "B" horizon with a high clay content. 

Chileott and Cols (U) conducted experiments with the subsoil 

plow, the Spaulding deep tillage machine and with dynamiting for ten 

different crops at eleven locations in eight Great Plains states 

from Ifontana to Texas. Based upon the reetilts of these esqierlaents 

they made statweents as followsi 

There is perhaps no agricultural operation that is so 
often and enthusiastically advocated and at the sane time 
so little practiced as that of loosening or tilling the 
soil below the depth reached by the ordinary plow. 

The si^gpposed necessity or desirability of such an oper 
ation appears to be based on a widespread belief that only 
that part of the soil loosened and moved by man with his 
implements of tillage is utilized by nature in the produc 
tion of crops} that this part of the soil is the only part 
that pazi^icipates in the storage of water to be recovered 
by the crop} that the development and growth of the roots 
of crop plants is limited to this portion of the soil, and 
that this is the only portion of the soil from which plant 
food may be obtained by the crop. 

A less extreme belief recognizes that these things are 
not entirely limited to the portion of the soil that man 
loosens, stirs, pulverises, or inverts, but holds that the 
soil so treated provides a more effective medium for their 
action than does the imdisturbed soil. 



Sach bolldfs appftrently either overlook the luxuriant 
vegetation produced on land that hae never known the tillage 
tnplcnente of nan or aaetime that the roots of crop plants 
are essentially different in their relation to the eoil 
than those of other plants or of the sane plants growing 
wild 

Extensive soil-noisture studies that have been nade in 
connection with the investigations reported in this paper 
indicate that the ability of the soil to take in or to re 
tain vater, or to give up water to the crop, is not deter-
nined by the depth of tillage* Sands and light sandy soils 
offer little resistance to the entry and downward passage 
of water. They are little changed and certainly not im-
pi*oved in this z^spect by cultivation. With the heavier 
clay soils in which penetration is slower and more diffi 
cult it would seem that there was more opportunity for 1w-
proveiMnt by a mechanical loosening. The result is not, 
however, what it might at first thought appear to bo. The 
mechanical loosening that may be affected when such soils 
are dry enough to be loosened by tilling is of no conse 
quence BO long as the soil remains dry. When rains come 
and water enters the soil, it carries soil material with it 
in the downward passage through the loosened soil. The clay 
expands on becoming wet and the loosexwd and wetted area 
becomes an amorphous mass. On drying, the soil contracts. 
A part of the shrinkage is downward, and a part of it is 
lateral. The lateral shrinkage results in cracks that may 
open the soil as effectively as any tillage operation. 

Recognizing the fact that there may be times and places 
giving results favorable to subsoiling or other methods of 
deep tilling, the average yields obtained in the extensive 
ezq^eriments here reported seem to warrant the conclusion 
that as a general practice for the great plains as a whole 
no increase of yields or amelioration of conditions can be 
e:q}ected from the practice. 

In their response to deep tillage there is no marked 
difference to be observed between crops. 

Subsoiling and deep tilling have been of no value in 
ovei*coming drouth. The effect, on the contrary, apparently 
has been to reduce the yields in those seasons that are be 
low the average in production. 

Experiments have been conducted with the subsoil plow, 
the Spaulding deep tillage machine, and dynamite. The ef 
fect or lack of effect of deep tillage appears to be es 
sentially the same, irrespective of the means by which it 
is accomplished. 

The quite general popular belief in the efficiency of 
deep tillage as a means of overcoming drouth or of increas 
ing yields has little foundation of fact, but is based on 



alseoiioeptione and lack of knowledge of the form and extent 
of the root syetems of plants and of the behavior and moveo 
aent of water in the soil. 

Hanks and Thorp (7) laaasured wheat yields, rats of rainfall 

infiltration and moisture storage on deep«tilled plots and on plots 

tilled at normal dbpth on six different soils in Kansas. Their re'-

suits showed no difference in rate of infiltration or amount of 

moisture stored and no increase in wheat yields due to deep tillage. 

S(M»e of the more recent investigations of the effects of deep 

tillage have included deep placement of fertilizer materials. Woodruff 

sad Stalth (20) cosqpared normal plovii:^ with turning a second furrow 

in the bottom of normal furrows and as a third treatment added lime 

and coaqplete fertilizer on the second furrow. The work was done in 

KlBsourl on a soil with a claypan and poor internal drainage. Com, 

oats, barley and sweetolover were used as test crops. A small in 

crease in com yield was obtained by deep tillage alone. An additional 

small increase resulted fron the use of lime and fertilizer in the 

seeond furrow of the deep-tilled plots. Wheat and barley yields were 

depressed slightly by deep tillage alone, but were restored or very 

slightly increased by addition of lime and fertilizer in the subsoil. 

Sweetolover had large lateral roots, but no tap roots on the check and 

deep-tilled plots and was damaged by winter-killing. Normal rooting 

with deep tap roots and no winter-killing damage was reported for the 

sweetolover on plots which had lime and fertilizer in the subsoil. 

The inereased com yields on the deep-tilled plots were attributed to 
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Inprored asr&tlon. The moisture content of the subsoil vas determined 

at seven dates between Kay 30 and July 26. The deep^tilled plots 

averaged 2.3 percent more moisture at tiw eightsen*inoh depth than 

the check plots. This was described as the equivalent of .62 inches 

of rainfallf which is not enough to offset the damages of a drought. 

Robertson and Fiskel (13) studied the effects of subsoiling 

and deep plactnMnt of fertilizer on the growth of com on Flatwood 

soils in northern florlda. Their investigations were based on the 

suppositions that a high level of fertilitj develops in the surface 

soil from repeated fertilization and that low fertility exists in the 

subsoil^ favoring shallow root systems and that deeper root systemSf 

encouraged by deep fertilization, would result in a larger resex^oir 

of water which would carry the com through short drought periods 

without greatly decreasing the yield. Subsoiling through the hard-

pan about fourteen inches below the surface of Leon fine sand resulted 

in a ten-bushel increase over the fifty-bushel average corn yield 

from the check plots. Lime and fertilizer banded at depths of thir 

teen to fifteen inches in addition to subsoiling resulted in a 

twenty-two-bushel increase over the check plots which had equal 

amounts of fertiliser in the surface. All plots had four hundred 

pounds of U-12-U fertilizer at planting and forty pounds of nitrogen 

as a side-dressing. Line in addition to subsoiling on One fine sand 

produced eighteen bushels increase in com yield over the sixty-

bushel yield of the check plots. All of these yield differences 

wem described as significant. 
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Kohnke ai»l Bertrand (10), pursuing the hypothesis that ferti 

lising the subsoil provides for better vater utilisation by crops, 

ea^Mrinented with subsoiling twenty inches deep and placing one 

hundred pouiuls each of I, P and K in the subsoil* The abstract 

written on the results of this investigation with com, wheat, soy 

beans and hay over a three-year period wasi 

Subsoil fertilisation eaqjeriments were conducted on 
several Indiana soils. The fertiliser was applied in 
vertical bands from 7 to 20 inches deep. The distance 
between the bands varied between 28 and Ud inches. 

The growth of com roots greatly increased as a result 
of subsoil fertilisation! subsoiling without fertilising 
the subsoil incmases root growth only slightly. Sub 
soil that was chiseled and fez^ilised maintained a higher 
pomsity for over 2 years. The reason for the difference 
is probably the presence of additional organic matter 
(roots and microbes) in the fertilised subsoil. 

The subsoiled areas generally contained mom moistum 
than the untmated plots, pointing to less runoff and 
erosion and to a gmater water supply for the crops. 

Yield increases from subsoil fertilization have been 
substantial in Buu]y cases, but not consistent. It is 
assumed that benefits from this practice will increase 
as it is repeated on the same ama. 

Them have been a few investigations of the effects on crop 

yields idien tillage below the normal depth of plowing was done on 

soils which have no physical pecularities such as hardpans or other 

mstrictive layers near the surface. Moll (11) cosgwimd the effects 

of seven to eight-inch plowing to twelve-inch plowing in both spring 

and fall on the yields of com, oats, idieat, barley and alfalfa. 

Summartsed briefly, the msults wemt "The two kinds of plowing gave 

practically the sane msults for all the crops grown." Other state 

ments indicated that them wem gmater diffemnces between spring and 
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fall plowing than between deep and normal plowing* Dgmamometer draft 

testa eondueted in connection with this experiment Indicated approxi 

mately three times more power requirement for twelve-inch plowing than 

for seven to eight-inch plowing. 

The Ohio Agricultural Eiqwrimsnt Station (2) coiqpared plowing 

fifteen inches deep and normal plowing plus subsoiling fifteen inches 

deep with normal plowing for com and wheat followed by oats and 

clover, respectively. The conclusions based on twelve years of crop 

yield data weret "It would be difficult to arrange a uniform treat* 

nsnt which would result in yields more nearly identical. In view of 

the eiqpense involved, it is evident that the seven and one-half inch 

plowing is by far tto most profitable." 

In West Virginia, Sudds (18) subsoiled and djmamited the soil 

before and after settiitg and at bearing age in both peach and apple 

orchards on OeKalb, Liekdale, Lehew and Berks soils. Ifo found no 

significant, nor consistent, difference in moisture content of the 

soil at ozdLtioal periods, the rate of growth of young trees nor the 

yield of fruit on trees of bearing age. A greater rate of rainfall 

infiltration was reported but the difference in moisttire retention 

was not measurable. Established trees were damaged by the root-

pruning action of subsoiling. Subsurface investigations seven years 

after subsoiling and blasting revealed that the soil was more loose 

and friable and that the tree roots had penetrated the loose holes 

and furrows. In the conclusions drawn from this investigation, the 

use of these practices was not recowssnded under siidlar circuastaneee. 
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Home (8) eoapared MTeral depths and awthoda of plowing for 

eorn^ wheat and eweetclower in a three-year rotation on Williaws 

silt loan aoil at Highmore, South Dakota* The nethoda and depths 

need were noldboard plowing seven inc]:M8 deep as a check, subsoiling 

eight inches deep without plowing, noldboard plowing four inches 

deep, noldboard plowing six inches deep plus subsoiling six and ten 

iiurhes deep and turning with a deep disk tiller eight, ten and twelve 

inches deep* The twenty-year average crop yields fJrora this eaqperi-

nent showed no significant increases in com yields for a^y depth 

er nethod over seven or eight-inch plowing* There were sons sig 

nificant decreases in wheat yields for nethods deeper or shallower 

than seven to eight inches. 

Sehwantes, et (16) ecnpared subsoiling twelve to fifteen 

inches deep with ordinary plowing for nine different crops on three 

loan and fine sandy loan soils at three locations in Minnesota. They 

found no significant increases in crop yields fron subsoiling. Their 

cheek plots pz>odueed greater yields than the subsoiled plots in over 

fifty percent of the trials. 

Oamer and Sandem (6) studied the effects of nomal plowing 

seven inches deep, subsoiling eight to nine inches deep in addition 

to plowing and gyrotilling twelve to fourteen inches deep on yields 

of several crops. Qyrotilling is sindlar to subsoiling but results 

in greater disturbance of the subsoil. Wheat and oats produced in 

significantly nore grain on gyrotilled plots than on normally plowed 
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plots <m Oault clay. Better surface drainage vas observed on the 

gyrotilled plots in raixiy winter weather. On a light gravelly soil 

which has a tendency to fom a pan below the nonial plow depth, oats 

produced a significantly higher yield on gyrotilled plots than on 

normally plowed plots. Bnder the sane conditions, sugar beets slumed 

no significant difference in yield. On another light gravelly soil, 

sugar beet yields were high, nudium and low on subsoiled and plowed, 

plowed normally, and gyrotilled plots, respectively. Under the sane 

treatnents there were no significant differences in yields of barley. 

The conclusions drawn by the authors weret 

There were insignificant differences in yields in 
eleven of twelve trials. Oyrotilling gave insignlfi-. 
cantly higher yields in five of seven trials on clay 
soil. The effects of the gyrotiUer were harmful on 
gravelly soils. The use of the gyrotiUer or subsoiler 
does not reduce the necessity of subsequent cultivation, 
therefore, the cost of the extra operation is lost. 

On the basis of observations aiwl review of research reports 

from many locations regarding the effects of subsoiling. Winters 

and Simonson (19) statedt 

In a few instances crop yields seem to be better but 
generally results are negative. Field observations do 
indicate beneficial effects from moderately deep tillage, 
however, on certain soils underlaid at shallow depths by 
"0" horizons of soft shale* Subsoiling breaks up the 
shale easily and thus seems to Increase the effective 
rooting zone of crops. 

When soils with fragipan layers occur on moderate 
slopes and are cultivated frequently, they ccmssonly 
suffer erosion which brings the fragipan layer close to 
the surface. Under such conditions, moderately deep 
tillage to break up part of the fragipan layer seems to 
result in better growth of many crops, though not of 
alfalfa. The beneficial effect of the deep tillage 
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Meas to be expansion of the rooting sone^ analogous to 
that in certain shallow soils overlying shale. Deep 
tillage of soils with fragipans has been most beneficial 
when the entire pan layer could be broken up by the op* 
eration. Unfortuaiatelyy fragipan layers ai^ often 
several feet thick and pose serious difficulties to 
effective subeoiling. Furthermore, the power require 
ments and costs increase sharply as depth of tillage in 
creases. 

Because the costs are high and multiply rapidly as 
greater depths are reached, the e]q^nse and probable 
returns must be weigl»d carefully against those for al 
ternative approaches. 

Possible alternative management practices for cultivated 
lands include! (a) Attempts to promote deeper rooting by 
the selection of crops and liberal fertilization to en 
courage vigorous rootgrowth, (b) the adoption of a rota 
tion which would involve less frequent growth of row crops, 
and (c) the selection of crops better adapted to the un 
favorable subsoil conditions. 

In a study of the effects of cropping systmss on soil prop 

erties, Page and WiUard, al. (12) found that! (l) Higher corn 

yields were produced following alfalfa and grass than following 

alfalfa alone in a four-year rotation. (2) A three-year rotation of 

corn, oats and alfalfa or sweetclover had little effect on the pro 

ductive capacity of soils. (3) Boils remain harsh and cloddy 

throughout the season and drain very slowly under a rotation of 

corn, soybeans and oats or continuous com. Additional tile spaced 

closer did not solve tl» drainage difficulty. (U) A soil which had 

been erc^ped forty years weighed approximately 25 percent more per 

cubio foot in the first and second foot of depth and 19 pez>cent more 

in the third foot than a nearby area of virgin soil of the sane serLes. 

The soil on which these investigations was siade was Nappanee silty 

clay loam in Paulding County, Ohio. 
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On the subject of soli structure, Ruasell (Hi) wrotet 

The effects of cultlTation iaplenents on the soil oaa 
be considered from two aspects, nanely, their effect on 
the distribution of aggiregates and the distribution of 
pores. 

The pore space distribution in the surface soil nust 
be as stable as possible against the disturbing effects 
of the cliaate and cultiration. The subsoil is not sub 
jected to these aechanical shattering forces in the same 
way. 

In a very indirect manner, this noted author suggests that 

disturbance or shattering of the subsoil should be aroided. In 

th» introduction to a study of tillage practices, Russell and Keen 

(1$) expressed the belief that many of the present tillage practices 

are customs carried over frcmi earlier times when there were frequently 

suipluses of labor and horse power which were enployed by cultira 

tion because of the belief that extra cultiration was always bene 

ficial. 

An editorial in a monthly publication presented regional 

answers to the question, "Does Subsoiling Pay?" by quoting Alderfer 

et (1) as followsI 

lORTHEAST 

by Russell B. Alderfer 

THE CHIEF purpose of deep tillage is to increase the 
rooting depth of a soil by iaproving its physical condi 
tion. It doesn't pay on most soils because poor physi 
cal condition isn't a problem in the subsoil} or where 
it is, any ioprovemsnt from deep tillage doesn't last long 
enough to make it worthwhile. Dons under the wrong condi 
tions, it can actually make the situation worse and reduce 
yields. We know a great deal more about where it won't 
pay than where it will. 
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Our biggest problea is maaeuring the phsrsioal condition 
of the soil 80 that we can eet up standards to tell how good 
or poor it is. 

One standard which has promise on aediuro-textured soils 
is based on air space. Whenever the air space in assy recog 
nisable part of the first 16 inches of the soil is less than 
15 percent at field moisture capacity^ the yield of some 
crops is reduced. This decrease may be as great as 50 per 
cent for sweetcom, potatoes, and field corn in soils with 
only 6 to 8 percent air space. The extent to which deep 
tillage nay increase the air space in a soil layer up to 
15 percent for aoy length of tins could detemixie its real 
value. 

Lacking esqperiaental prtjof, but basing otxr conclusion 
on many field observations, the following soil conditions 
in Mew Jersey might be improved by deep tillage. 

(1) Plow soles or plow pans, especially prevalent in 
intensively tilled vegetable soils. 

(2) Badly compacted traffic areas in orchards, and in 
potato and vegetable fields. 

(3) Bardpans caused by a high water table which can be 
reached by the subsoiler blade and shattered enough 
when dry to help move water to tile drains. 

(U) Certain types of cemented hardpans. 
The iBq>rovement might be expected to last long enough 

to be of sos» practical value, either by increasing crop 
yield or by makiaag it easier to plow, irrigate, or drain 
a soil. 

In Mew Jersey, majDsy people are firmly convinced that 
deep tillage is the means for making deep applications of 
line and fertiliser. The practice is usually recommended 
for establishing a new asparagus plantiiig. The presence 
of a noticeable concentration of roots in the limed and 
fertilised part of the subsoil would indicate that some 
thing had been done which will show up sooner or later in 
higher productivity of that soil. A few experiments and 
scHse farmer experience seems to bear this out. The reverse 
is also true, however. 

As with deep tillage alone, there are soils which can 
be benefited by deep fertilisation and liming. To deter 
mine where and what they are and how much they can be im 
proved will require a lot of good, thorough research. 

fioBsell B. Alderfer is Chairman, Soils 
Department, Rutgers diversity and the 

lew Jersey Agricultural Siqieriment Station, 
Hew Brunswick, M. J. 
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MIDWEST 

by Dvlght D. Smith 

COMPARED with 9- to 10-inch dsop plowing with full fer 
tility treatment, deep tillage (or eubeolllng) to depths of 
Hi to 18 Inches, has not glren lasting benefits on Midwest 
claypan soils. 

Eaq^wrlments In central Missouri show that yields of grain 
crops are usually decreased by the practice, unless lime and 
phosphate are placed In the soil below the depth of 9 to 10 
Inches, ftnall Increases In corn and soybean yields can then 
be expected, but hardly enough to return a profit. 

Early results indicate that the deep fertility treatments 
Hwy be profitable with alfalfa. Com yields were increased 
substantially In 1955, the first crop season after a 30-lnch 
deep subsoiling and liming. 

Some additional water absorption has been measured from 
rains occurring within a few months after subsoillng, but 
when the rains continued the Increased storage space was 
soon filled and runoff occurred as befoi*e. Apparently, deep 
tillage on these soils has not In^roved the downward move 
ment to a ground water table. 

Midwest claypan soils are quite different from soils with 
coaqpaeted traffic "pans," on which deep tillage has usually 
been helpful. They usually have about 10 inches of surface 
soil and are medium to low in natural fertility. The clay 
content of the subsoil reaches a at 20 to 2li inches 
and continues high to a much greater depth. When diy, the 
subsoil cracks and is easily shattered. When wt, the cracks 

slait, excluding much of the air and decreasing the rate 
of downward movement of water to almost zero. Calcium and 
phosphate are low to a depth of 20 to 2h Inches, although 
the capacity of this subsoil zone to absorb nutrients Is 
high. The results are consistent with these conditions. 

With the present knowledge, deep tillage of the Midwest 
claypan soils as described here should not be practiced more 
widely unless accompanied by deep liming and fertilizing. 
Farmers will be ahead If they Invest their money In full 
fertility applications to the upper 9 or 10 Inches of 
their soil. 

Dwlght D, Smith Is agricultural engineer, Soil 
and Water Conservation Research Branch, USDA 
Agrlctiltural Research Service and research 
associate, Missouri Agricultural Experiment 
Station, Columbia, Missouri. 
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WEST 

by Chester E. Eraiis 

THE QOESTIOM of vhether subsolling, chiseling, or deep 
ploirlng are raluable has been a controversial one for many 
years* But in Western states, a favorable response can 
usually be expected on soils with compact layers or hori 
zons that restrict the downward movement of roots and water* 
However, some soils with tight layers will not respond to 
subsolling. 

Experiments started in Kansas in 1952 on soils varying 
from a fine sandy loam with a distinct hart^an to loam with 
a tight subsoil shoved that subsolling did not affect the 
infiltration of water, moisture storage, or wheat yields. 

On the other hand, deep tillage, either by a subsoiling 
implement or plow-type implement, showed favorable results in 
1952, on a fine-textured soil at the Wheatland Conservation 
Esqwriment Station near Cherokee, Oklahoma. In each of the 
two seasons that followed, runoff from the deep-plowed plot 
was only about half that of the untreated area. But in the 
third season after treatment, there was no visible effect 
of tlm deep tillage operation. 

The variable results obtained with deep tillage make it 
hard to recommend the practice widely* Early iresults show 
unquestionably that the moisture content of the soil at the 
time of the deep tillage operation has a great effect on the 
final restilts* 

In general, ocmpact soil layers must be shattered when 
the soil is quite dry, if the tillage is to have a maximum 
effect. In fact, cMseling of wet soils has been known to 
ooopact the soil to the depth of the operation. 

Increased moisture storage has been attributed to the use 
of subsolling implements in parts of the winter rainfall belt 
of the Pacific Northwest. Pa]:*t of the increase has been due 
to snow accumulations on the rough fall-tilled areas. The 
furrows or channels left by the chisel tools serve as tem 
porary water reservoirs for melting snow and speed the water 
intake. 

Because of the higher power requirements, the cost of 
subsolling or deep plowing is always greater than normal 
tillage* It follows, then, that an appreciable increase 
in moisture storage and later crop yields must be realized 
to offset the cost of the operation. Another factor un 
favorable to deep tillage in semiarid areas is that any 
operation which stirs the soil, particularly one that ex 
poses subsurface layers, speeds up evaporation losses of 
water already stored. 
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Because the problem Is coo^lex and ve lack adequate 
infomatlon, there is no question but that we need an 
accelerated research program on deep tillage. 

Instead of approaching this problem by merely compar 
ing crop yields in relation to the Tarioue tillage i^le-
ments used to stir the soil to varying depths» we need to 
take a more i\indamental approach—one directed toward find 
ing out exactly what happens when ooa^acted zones or sub 
soil horizons are subjected to mechanical treatment. 

Chester E. Evans is assistant head, Western Soil 
and Water Conservation Research Branch, CSDA 
Agricultural Research Servlee, Beltsville, Maryland. 

SOOTH 

by Perrin B. Grisson 

IB MISSISSIPPI, deep tillage does pay on soils where 
hardpans have been formed by traffic, cultural practices, 
and erosion. On soils having a natural pan, the response 
to deep tillage is questionable. And on soils without a 
cciQiaoted zone or those which show surface cracks when 
dry, crops do not respond to deep tillage. 

The benefits of deep tillage are ii^roved stands, in 
creased yields, and, frequently, reduced grass and weed 
population. I^ese are made possible by the increased in 
take and storage of water and the greater root develop 
ment resulting from the shattering of an is^ding layer. 

Two requirements mast be met before deep tillage can 
pays (1) the soil Bust be dry enough and the tillage 
deep enough to shatter the pan, and (2) for a given crop, 
the treatment must be early enough to take advantage of 
natural rainfall. 

Deep tillage increases the production potential and 
creates conditions where higher rates of fertilization can 
be used. Thus, the two practices help each other. How 
ever, on heavily fertilized hardpan soils where the fer 
tilizer tends to accumulate, deep tillage permits utilisa 
tion of the previously applied fertilizer, thus reducing 
the requirements for a year or two. 

The cost of deep tillage in the Mississippi Delta area 
varies from(3 to $8 an acre. The yield of cotton has been 
incxmased an average of 1/2 bale per acre on hardpan soils, 
with greater responses in dry years and less in wet seasons. 
The value of the increase has exceeded l75 en acre. Thus, 
the practice has been quite profitable. 
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D«ep tillage need not be enco\iraged or discouraged in 
the area. But famers should be encouraged to follow the 
practice where hardpans exist. A "sharpshooter" or showel 
is all you need to find a hardpan. At present^ from 300,OCX) 
to l400,CX)0 acres in the Delta are being deep-tilled each 
year, and at least half of the land doesn't need it* 

Perrin W. Grissoa is agronomist at the Delta 
Branch of the Klssissippi Agricultural Baperi-
nent Station, Stonerille, Mississippi. 

FAR VEST 

by H« V. Henderson 

THE ONLI form of deep tillage practiced to any extent 
in California is eubsoiling or ripping. The results ob 
tained are favorable in some cases, without effect in 
others, and uxider certain conditions decidedly harmful. 
Evidence is too limited for a c(»plete understanding of 
the factors necessary for a favorable response to sub-
soiling, but results can be predicted in the more clear-
cut situations. 

Subsoiling should be considered a corrective measure, 
and therefore should only be done to shatter and loosen 
soils in which penetration of mter and roots is limited. 
Effective action of the im>lemsnt depends upon shattering 
and heaving, which occur only when the soil is dry-
preferably near the wilting percentage—throughout the 
tillage depth. Best results occur when there is a 
compact layer tinderlain by soil of better structure, 
and the layer is completely penetrated and shattered by 
the subsoiler. 

If the iiq>ervious soil can be pi^>perly shattered, there 
are still two conditions which must be met if the soil is 
to remain open long enough for the operation to pay dividends 
in better crop growth. First, the soil must have enou^ 
water stability so it will not "run together" again during 
subsequent wettings by rain or irrigation. Secondly, 
traffic over the soil must be minimised to insure that 
the soil is not ccmpacted again within a short time. 

Subsoiling when the soil is moist can be harmful, 
especially if dona repeatedly. If the soil "Hows" 
around the subsoiler point rather than shattering, the 
kneading action results in further compaction. 

D. V. Henderson is assistant professor irriga 
tion, Department of Irrigation, University of 

California, Davis, California 
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SUMNARI 

bjr Lsvis B. Belson 

DGEP tillage will pay uxider certain soil conditions» 
but not under others. The big problem is to recognize 
these conditions and then deep«till only those areas, 
or soils, where bezwfits are likely. 

Deep tillage often will giwe good, and sometimes 
phenoaenal retuins in areas where "traffic pans" de« 
Telop. These pans are easily-recognised, compacted layers 
which usually result frcm machinery traffic and occur in 
the 7-* to l^^inch soil sons. In the East and South, the 
pazis occur mostly in areas where intensive row-crop 
farming is practiced and where moist soil is subjected 
to machinery traffic. 

Seep tillage of soils with isQ>emeable, clayey sub 
soils of considerable depth (clay paiu) hasn't appeared 
too promising. Neither has the introduction of lime, 
fertilizer, or crop residues into impermeable subsoils 
proven particularly beneficial. While it does appear 
that such deepening of the root zone should be beneficial, 
most research findings to date would not permit its recom 
mendation as a general practice. Possibly future refine 
ments nay insure greater benefits. 

Breaking up tight, naturally-occurring layers within 
reach of a chisel sometimes gives good returns. Also, 
shattering impervious underlying shales has shown benefits. 
On the other hand, deep tillage is of little or no benefit 
on well-drained soils with permeable subsoils. 

Even where conditions favor deep tillage, it may not 
pay unless done correctly. For exaDQ)le, dragging a chisel 
through wet or moist soil will do little good, and may make 
the situation even worse. Tilling should be done only when 
the soil is dry enough to shatter. 

I«wi8 B. Nelson is head. Eastern Soil and Water 
Management Section, Soil and Water CoDseirvation 
Research Branch, USDA Agricultural Research Serv 

ice, Beltsville, Maryland. 
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HETHODS AND PBOCEDURES 

This project was stairted in 19U8 on an araa vhich waa abandoned 

after one year in favor of a larger project. Com yield, soil moiature 

eontent and organic natter content data were recorded on this area in 

19U8. Only the aoil moiature data from thia area were uaed in the 

final analysia of thia etudy. The project was reauned in 1950 on an 

adjacent area of the aane aoil type. 

Com, wheat and red clover were grown in three-year rotations 

on The University of Tenneaaee Sj^rlnental farm in Blount County, 

Tennessee en a well-drained upland soil on a slope of 5 percent 

gradient. The rotations were Initiated in each of three consecutive 

years on three adjacent ranges with com followed by wheat and red 

clover. The three initial seedbed preparations for com consisted 

of (1) ordinary triming,(2) subsoiling followed by ordinary turning 

and (3) subsoiling followed by heavy duty disking. The rotations 

were continued for two cycles on the same areas without re-subsoiling. 

The general nutrient level and the organic matter content of the soil 

were deteradned initially and the moisture content was determined 

periodically. Grain and hay yields were obtained. 

The soil on which the es^rlment was conducted was classified 

as Dewey silt loam. The soils of the Dewey series are developed over 

high grade limestone with some insoluble silica impurities. The surface 
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soil l8 a broim to graylab-brown friable silt loam* The subsoil is 

a yellowish-red moderately friable beavy silty clay loam grading into 

a firm moderately plastic silty clay at a depth of about sixteen inches* 

Balk and core soil 8aB^>les from the area were analyzed* The 

results are presented in Table I* 

The wqperimentf consisting of three treatments, was laid out 

in a randomized block design with four replications* The size of 

each plot yme fifteen by sixty feet or acre, each plot con 

sisting of seyenteen rows forty-two inches apart and fifteen feet 

long* 

Two plots in each of the four blocks ware subsoiled eighteen 

inches deep during the normally dry fall period in October or Norember 

with the furrowe eighteen inches apart* The remaining plot in each 

block was turned seren inches deep in Deomaiber* One subsoiled plot 

in each block was turned 7 inches deep on the same date* The other 

subsoiled plot in each block was disked with a heayy-duty plowing 

harrow to a depth of about $ inches* 

During the following April, all plots were prepared for com 

in a tmiform manner by disking and harrowing* All plots were fer 

tilized uniformly with eight hundred pounds of 6-12-12 fertilizer 

per acre with fiye hundred pounds broadcast and three hundred pounds 

banded under the row. 

Com was planted on April 22 at the rate of one kernel eyery 

seyen to eight inches. Dixie 1? was the yariety used* ipproxlmately 
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thrae vaoka after planting, all plots vere thinned to one plant ersry 

fifteen inches or tnelye plants per fifteen feet of rov, nakixig a 

stand equiyalent to 10,000 plants per acre. The com vas cultivated 

three tines during the growing season. The crop was harvested on 

Oetober 2h» Field weights of ear corn were recorded and later con 

verted to hushals of shelled com per acre on a 15*5 percent moisture 

basis. 

The corn stalks were cut and a seedbed was pmpared by disking 

all plots. Thome wheat vas seeded on all plots on October 26 at 

the rate of one and one-fourth bushels per acre. Four hundred ponnds 

of l;-12-i4 fertilizer per acre ma applied. 

Kenland red clover was seeded on the wheat in the following 

March by the neans of a eultipacker-seeder. 

The wheat was harvested on June 22 and grain yields recorded. 

Red clover hay was harvested on the following July 30 and during the 

next year on May 2? and July 7* 

Daring the suoceeding three years, the rotations were repeated 

on the sane plots, using as nearly the sans cultural practices as 

possible except that subsoiling was not repeated. 

The procedure outlined above was repeated on three adjacent 

ranges. The rotations were started on three eonsecutive years. 
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TABLE I 

PHISICAL CHARACTERISTICS OF THE DEWEI SILT LOAM SOIL OM WHICH 
THE SUBSOILINQ EXPERIMEKT WAS CONDUCTED 

Surfaott Soil Subaoil 
0-8 inehaa 8-18 incbea 

Teztural Soparations 
(pereont bj weight) 

Band 11.7 
ailt 76.1 65.7 
clay 12.2 28.9 

Organic Xatter 1#8 O.ib 
(percent by weight) 

Pore Space 
(percent by volune) 

large 18.2 16.3 
email 33.2 35.1 
total 5l.li 5l,U 

Specific Orarity 2.9 3.0 

Balk Oenaity l.U 1,5 
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RSSULTS 

Ilelds 

Held data are suBmarlaed in Tables II, HI, and IV. These 

data were subjected to analysis by methods outlined by Cochran and 

Cox (5)» 

Com 

The subsoiled and turned plots gave the highest average yield 

of com in two of three years immediately following subsoiling. There 

was, however, no significant yield increase at the .0^ level for sab* 

soiling in addition to turning over turning only in any of the three 

years. The subsoiled and turned plots shoved a significant yield 

increase over the subsoiled and disked plots in one of the three 

years. There was no significant yield difference between the plots 

turned only and those subsoiled and disked in any of the three years 

iasasdiately following subsoiling. 

Com yields in the fourth year after subsoiling showed less 

difference between treatments than in the year immediately following 

subsoiling. The subsoiled and disked plots yielded significantly 

less at the .05 level than the turned only the subsoiled and 

turned plots in one of the three years. The subsoiled and disked 
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plots gsTS slightly hlghsr average yields than the two other treats 

nents in two of the three years in the second cycle of the rotation. 

Wheat 

There were no significant differences in wheat yields at the 

.05 level in the first cycle of the rotation, when wheat was seeded 

one year after subsoiling. The differences in yields were so small 

that it would be difficult to arrange a replicated set of plots with 

uniform treatment for all plots and get more uniform results. 

In the second cycle of the rotation, when wheat was seeded 

four years after subsoiling, the subsoiled and disked plots gave a 

significantly lower yield at the .05 level than the plots which were 

turned only in one of the three years. With this one exception, the 

yields in the second cycle were equally as uniform as in the first 

cycle of the rotation. 

Red Clover 

There were no significant differences in red clover hay yields 

at the .05 level between any of the tiuree initial tillage treatasnts. 

The great difference in yields between years is due to the 

amount and distribution of rainfall and the fact that a second cutting 

of hay was produced in the seasons having adequate rainfall in mid-

sumasr. 
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Moisture Content of the Soil 

Soil moisture data are summarized in Tables V and VI. These 

data ware also subjected to analysis by siethods outlined by Cochran 

and Cox (5)* 

The moisture content of the soil at the date corn was planted, 

as presented in Table V, did not vary significantly among the three 

methods of initial seedbed preparation in any of the three years in 

either the surface or the subsoil. Even though the differences in 

moisture content are statistically insignificant, it should be pointed 

out that the plots which were subsoiled and turned had the highest 

average moisture content in the surface soil in each of the three 

yean. This same trend did not exist in the moisture content of the 

subsoil. 

There were no significant differences in the moisture content 

of the soil at the earing stage of corn among the three methods of 

tillage in either the surface soil or the subsoil. 

Organic Matter Content of the Soil 

Soil organic matter data are summarized in Table VII. These 

data were subjected to analysis by methods outlined by Cochran and 

Cox (5). 

Analysis of the organic natter content of soil samples taken 

at the date of the initial subsoiling shows that significant dif 

ferences did not exist among plots used for this experiment. There 
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was no significant difference in the organic setter content of either 

the surface six inches or the subsoil anong anjr of the treatsents 

after two cycles of the three-year crop rotation« or six years after 

the initial subsoiling was done* The diffez^noe between the organic 

aatter content of both the surface and subsoil at the initial cos-

pared to the final saspling is very ssall. Also, the difference 

asong ranges is no greater than asong replicated sets of plots within 

the ranges. The only consistent difference in these data is the 

slightly less organic satter in the subsoil at the final as conpared 

with the original saspling. 
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CHAPTER T 

DISCUSSION OP RESULTS 

Crop Yields 

Only tbr** significant differences in com yield were recorded 

daring the entire experinent* Two of these were between the sab* 

soiled and tamed and the sabsoiled and disked plots with the former 

treatment giving the si^ificantly higher yield In each year. One 

of these was in the first year after subsoiling; the other in the 

fourth year or second cycle of the rotation. Since the plots pro 

ducing these significantly varying yields were both sabsoiled, these 

differences are of little importance in the Huijor objective of the 

e3q>eriment; the only difference in the two treatments being the method 

of surface tillage. Subsoiling in addition to taming never gave a 

significantly higher com yield than turning only. The sabsoiled 

and tamed plots gave slightly higher average com yields than those 

which were tamed only in each of the three years in which com was 

grown Immediately following subsoiling. Since this trend is not 

evident in the second cycle of the rotation it should be assumed 

that if these small differences were a result of subsoiling, the 

effects were very temporary. These small yield differences of less 

than four bushels of corn per acre would scarcely pay for the extra 

tillage operation under the existing price of com and costs of 

machine operation. 
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The plots vhich vero subsoUad and disked gave a significantly 

lower com yield than those which were turned only in one of the six 

years} that being in the second cycle of the mtation* The former 

treatment gare slightly, but insignificantly higher yields of com 

in two of the three years in which corn was gmwn iansdiately follow* 

ing subsoiling. These yields indicate subsoiling and disking is not 

a satisfactory substitute for ordinary turning* Meither subsoiling 

nor heavy daty disking (bush and bogging) is a less expensive opera* 

tion than ordinary turning. 

Ions of the three treatmnts produced wheat yields which were 

significantly different from those of either of the other two treat 

ments in the same year in the first cycle of the rotation* The plots 

which were turned only for the pmcedlng cmp of com averaged slightly 

lower yields of wheat in two of the first three years, but gave a 

slightly hi^er yield in the third year than the other treatments. In 

the second cycle of the rotation the plots which were turned only pro 

duced higher average wheat yields than the other two treatments in two 

of the three yearn, but in only one year was the difference significant. 

The subsoiled and disked plots produced e slightly higher average 

yield of wheat in the second year of the last cycle of the rotation. 

These small differences ere so exretio that they in no way s^poz^ 

the single significant difference in wheat yields recorded. 

There were no significant differences in yields of red clover 

hay in any of the five years for which data were recorded. The plots 
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vhloh v»re turned only for the initial crop of com produced a 

slightly higher yield of red clover hay in three of the fire years, 

vith the aubeoiled and disked plots producing slightly higher yields 

in the other two years. 

Moistiire Content of the Soil 

There was no significant difference in the aoieture content 

of either the surface soil or subsoil between any two of the three 

treatments in the spring following the initial seedbed preparations 

in any of the three years. If the plots which were subsoiled had 

■ore rapid infiltration of rainfall or greater moistuxw holding 

capacity, the resulting differensss in moisture content had dis 

sipated before the soil became sufficiently dry to permit surface 

tillage operations. If these findings are correct, soil moisture 

differences should not be expected to exist daring moisture stress 

periods in the com growing season. Soil saBQ^les taken at the earing 

stage of com showed no significant differences in the moisture con 

tent of either the surface soil or the subsoil between any two of 

the three treatments. 

Organic Matter Content of the Soil 

If loosening the soil to a depth greater than the usual 

depth of plowing encourages greater root penetration, evidence of 
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Buoh should bs B««n in the organic matter content of the subsoil* 

The arerage organic matter content of soil sasqples taken fron tvo 

of the three ranges after two cToles of the rotation had been oon-

pleted did not differ significantly betumen any two of the three 

treatments in either the surface soil or the subsoil* the sTerage 

organic matter content of the subsoil of the plots in each treat* 

meat vas less at the end of the tvo rotations than at the date of 

the initial subsoiling* The reverse was true of the surface soil 

in four of six analyses* 

. V 



CHAPTER VI 

SUHMAKI 

Sabsolllng in addition to ordinaiy turning, and subsoiling and 

disking were oongpared with ordinary turning as a neans of initial 

seedbed preparation for com* The effeote on yields of com, wheat 

and red clover and on the moisture and organic matter content of 

the soil were determined. The crops were grown in a three-year 

rotation on each of three ranges. The rotation was repeated on each 

range to deteniine the longevity of effects of the initial subsoiling* 

Subsoiling in addition to ordinary turning produced small, but 

not significant increases in com yield over ordinary turning. 

The differences in corn yield were not sufficient to Justify 

the expense of the extra tillage operation 

Subsoiling and disking is not a satisfactory substitute for 

ordinary turning in preparation of a seedbed for com. 

Subsoiling in preparation of a seedbed for com did not sig 

nificantly affect the yield of succeeding crops of wheat and red 

clover. 

&ibsoiling in preparation of a seedbed for com did not sig 

nificantly affect the moisture content of the surface soil nor the 

subsoil at the planting tinra or at the earing stage of com. 

Subsoiling in preparation of a seedbed for com did not sig 

nificantly affect the organic matter content of the surface soil nor 

the subsoil after two cycles of a rotation of com, wheat and rod clover. 
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APPENDn A 

HELD OF CCSUr* IM BUSHELS PER ACRE FOLLOWING THREE METHODS 
OF INITIAL SEEDBED PREPARATION 

Rang* I 

First cycle of rotation 1950 

Replications 
Treatmnts 1 2 AreraRO3 h 

Tumod only 82»2 96,k 103.2 90.li 93.1 

Subsoiled and 
turned 91,k 107.5 100.1 100.0 

Subsoiled and 
disked 96.2 96.U 87.069.8 85.7 

C.V, 11,9% L.S.0. (.05) 11*5 bu. 

Second cycle of rotation 1953 

Replications 
TreatBieDts 1 2 3 h AveraRO 

Tamed only 97.6 83.8 7U.0 77.3 83.2 

Subsoiled and 
turned es.u 78.6 70.7 81.9 79.9 

Subsoiled and 
disked 92,h 81i.5 7I4.O 91.0 85.5 

C.V. 5.0SE 
* 

*Tield based on 15*5 percent noisture* 

•, « 

» 
, •. • . 
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APPENDIX B 

HELD OF COSS}^ IN BUSHELS PER ACRE FOLLONINQ THREE METHODS 
OF INITIAL SEEDBED PREPARATION 

Rang* II 

First cycle of rotation 1951 

Treatments 

Turned onlgr 

Subsolled and 
turned 

SubsoUed axid 
disked 

1 

65*3 

75*6 

83*2 

Heplloatlons 
2 3 

78.7 70.7 

85*3 7U.8 

71-5 67.2 

h 

76.6 

6$.7 

5$.8 

Averai^e 

72.8 

7$.lt 

69.it 

C.V. 11.6jt N.S. 

Secozuf cycle of rotation 19$U 

Treatments 

Turned only 

Subsolled and 
turned 

Subsolled and 
disked 

1 

63.1 

6U.1 

53.2 

Replications 
2 3 

$8.7 $$.u 

61.3 61.5 

$3.0 $7.3 

U 

$8.6 

$$.8 

U8.2 

Averafce 

$9*0 

60.7 

$2.9 

C.?. S.OjL L.S.D. (.05) 5*1 bu. 

'Yield based on 15*5 percent moisture. 

rf' ( -
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APPEHDn C 

TIEU) OF CORN^ IN BUSHELS PER ACRE FOLLOWINQ tmSS MEfBOBS 
OF INITIAL SEEDBED PREPARATION 

Range III 

First cycle of rotation 

Replications 
Treatments 1 2 3 li Average 

Tamed only 13.6 27.U 2L.0 25.6 22,7 

Subsoiled and 
turned lli,5 23.9 30.6 30.2 2li.8 

Subsolled azui 
disked 19.3 2U.0 30.0 33.U 26.7 

C.V. 11,736 N.S. 

Second cycle of rotation 1955 

Replications 
Treatments 1 2 3 k Areraice 

Turned only 67.2 92.7 86.9 92.5 85.3 

Subsolled and 
turned 6U.6 88.U 93.9 89.8 8U.2 

Subsolled and 
disked 79.3 81,8 92.6 92.6 86,6 

0.7, 6,6% N.S. 

*TiAld based on 15*5 percent moisture* 
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APPEMOIZ D 

YIELD OF WHEAT IN BUSHELS PER ACRE FOLLOWING THREE METHODS 
OF INITIAL SEEDBED PREPARATION 

Bangs I 

First cycle of rotation 1951 

Treataents 

Tamed only 

Subsoiled and 
turned 

1 

27.2 

25.U 

Replications 
2 3 

16.5 22.6 

2U.2 22.I4 

k 

2U.0 

23.8 

Arerage 

22.6 

2U.0 

Subsoiled and 
disked 23.2 27.0 21.8 2li.O 2li.O 

c.v. 13.756 N.S. 

Second cycle of rotation 195U 

Treatments 

Turned only 

Subsoiled and 
turned 

1 

U3.3 

37.6 

Replications 
2 

I4O.U 3U.9 

37.8 U0.6 

k 

kOmU 

38.1i 

Arerage 

39.8 

38.6 

Subsoiled and 
disked Ul.2 36.2 39.i4 3I4.O 37.7 

C.V. 7.856 N.S. 
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APPENDIX X 

tXEU)OF VBEAT IN BUSHELS PER ACRE FOLLCMINO THREE METHODS 
OF INITIAL SEEDBED PREPARATION 

Range II 

First cycle of rotation 1952 

Replications 
Treatments 1 2 3 it Average 

Turnad only 2h*o 23.7 26.7 21.5 2ii.O 

Subsoiled and 
turned 28.0 26.8 30.U 25.1 27.6 

Subsoiled and 
disked 27.8 25.lt 25.830.5 19.5 

C.V. 9.356 N.S. 

Second cycle of rotation 1955 

Replications 
Trea^ats 1 2 3 It Average 

Turned only 38.1 38.9 3it.5 35.0 36.6 

Sxibsoiled and 
turned Ul.U 3li,5 Itl.l 32.5 37.3 

Subsoiled and 
disked 38.6 39.8 39.8 35.2 38.It 

C.¥. 7»2% N.S. 
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1APPENDIX F 

1 

HELD OF WHEAT IN BDSHELS PER ACRE FOLLCWINO THREE METHODS 
OF INITIAL SEEDBED PREPARATION 

Range III 

First cycle of rotation 1953 

Treatments 

Turned only 

Subeoiled and 
turned 

Subsoiled and 
disked 

1 

U8.5 

U2.0 

li8.6 

Replications 
2 3 

1*5.6 1*6.2 

1*9.8 ia.9 

Ul*.5 ia.9 

1* 

1*5.3 

ia.6 

1*1*.3 

Arerage 

1*6.1* 

U3.8 

1*1*.8 

C.V. 6.1^56 N.S. 

Second cycle of rotation 1956 

Treatments 

Turned only 

Subsoiled and 
turned 

Subsoiled and 
disked 

1 

51.5 

U6.3 

1*0.9 

Replications 
2 3 

1*5.6 U7.3 

1*2.6 1*2.9 

l*l*.l 1*7.2 

1* 

1*7.3 

1*1*.0 

36.5 

1*7.9 

1*1*.0 

1*2.2 

C.V, 7.2$ licSeD« (.05) 5*7 bu. 
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APPENDn a 

HELD OF RED CLOVER HAI IN TOMS PER ACRE FOLLOWING THREE 
METHODS OF INITIAL SEEDBED PREPARATION 

Rang0 I 

flxit cycle of rotation 1952 

Replications 
Treatments 1 2 3 h Average* 

Turned only 1.32 0.82 0.75 0.70 0.90 

Subeoiled axid 
turned 1.15 0.82 0.81t 0.69 0.88 

Subsoiled and 
disked 1.19 1.00 0.71* 0.77 0.93 

C.V. 8,9% N.S. 

®Iield based on two cuttings 

Second cycle of rotation 1955 

Replications 
Treatments 1 2 L Average 

Turned only 1.33 0.65 0,6U 0.58 0.80 

Subsoiled and 
tiimed 0.95 0.72 0.75 0.51* 0.71* 

Subsoiled and 
disked 0.83 0.71 0.63 0.83 0.75 

C.V. 22.li$ H.S. 
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APPENDIX B 

IIELD OF RED CLCfm HAT IN TONS PER ACRE FOLLOWING TIffiEE 
METHODS OF INITIAL SEEDBED PREPARATION 

Raags II 

Flret cycle of rotation 1953 

Treatments 

Tamed only 

Subsoiled and 
turned 

Subsoiled and 

disked 

1 

0.17 

O.lli 

0.17 

Replications 
2 3 

O.lii 0.08 

0.17 0.08 

0.22 0,11 

k 

0.10 

0.11 

0.08 

Arerage 

0.12 

0.13 

0.15 

c.v. is,h% M.S. 

Second cycle of rotation 1956 

Treatments 

Turned only 

Subsoiled and 
turned 

1 

3.62 

3.55 

Replications 
2 3 

3.U7 2.7U 

3.22 2.81i 

L 

2.76 

2.38 

Average* 

3.15 

3.00 

Subsoiled and 
disked 3.03 3.29 3.06 2.10 2.87 

C.V. 8.0Jt N,S. 

^lield based on two cuttings 



$0 

AFPEHDIX 1 

JJSLD OF RED CLOVER HAT IN TONS PER ACRE FOLLONIHG THREE 
METHODS OF INITIAL SEEDBED PREPARATION 

Rang* III 

First cycle of rotation 195U 

Replications 
Treatronte 1 2 3 u Average* 

Turned only 1.11 1.U2 1.31 1.37 1.30 

Subsoiled and 
turned 0.97 1.33 1.U3 1.16 1.22 

Subsoiled and 

disked 1.12 1.22 1.50 0.99 1.21 

C.V. 10,$$ N.S. 

Tield based on tvo cuttings 

1957 crop not harvested because of poor stand due to adverse 
conditions at time of seedixig. 
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iPPEKDSi 

MOISTURE COJJTEHT OF THE SOIL AT THE 
PLANTING DATE OF C(»1I 

Range X 19U8 

Surface soil 

Treatments 

Turned only-

Subsoiled and 
turned 

Subsoiled and 
disked 

1 

lii.9 

17.6 

15.9 

Replications 
2 

16.3 

17.0 

17.6 

3 

17.0 

18.3 

15.3 

aaammmmimmmmmBa 

Averaae* 

16.1 

17.6 

16.3 

C.V. 6,0% N.S. 

Subsoil 

Treatments 

Turned only 

Subsoiled and 
turned 

Subsoiled and 
disked 

1 

20,8 

21.2 

19.8 

Replications 
2 

19.0 

19.8 

22.0 

18.3 

21.2 

19.8 

ATorage* 

19.14 

20.7 

20.5 

C.T. 6.h% N.S. 

^Atrerage yields based on three replioations. 
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APPEHDH K 

HQISTORE COHTENT OP THE SOIL AT THE 
PLANTING DATE OP CORN 

Range I 191^0 

Surface soil 

Treatoente 

Turned only 

Subeoiled and 
turned 

Subeoiled and 

disked 

1 

17.5 

lit.7 

15.5 

Baplieatione 
2 3 

16.1 Hi.U 

15.3 17.0 

9.9 IU.6 

ii 

10.7 

13.6 

15.1i 

Average 

1U.7 

15.2 

13.9 

C.V. 17.UJ N.8. 

Subeoll 

Tireatoents 

Turned only 

Subeoiled and 

turned 

1 

18.6 

17.3 

Replicatione 
2 3 

18.5 20.9 

18.8 IU.7 

k 

16.8 

17.7 

Average 

18.7 

17.1 

Subeoiled and 
disked 16.6 17.7 16.9 17.3 17.1 

C.V. 9»0% N.S. 
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APPENDIX L 

MDISTORE CONTENT OF THE SOIL AT TEE 
PLANTING DATE OF CORN 

Ruige n 1951 

Sorfaes eoll 

Treatnents 

Turned only 

Subeolled and 
tamed 

Subeolled and 
disked 

1 

17.0 

17.0 

17.6 

Replleatlons 
2 3 

20.0 20.3 

20.2 20,3 

20.9 20.9 

U 

17.9 

20.8 

18.7 

ATeraee 

18.8 

19.6 

18.7 

C.V. 9.856 N.S. 

SubeoU 

Treatiasnts 

Turasd only 

Subeolled and 
turned 

Subeolled and 
disked 

1 

19.9 

20,2 

20.1 

Replications 
2 3 

18.7 20.1 

19.8 18.0 

20.6 19.1 

li 

17.2 

20.7 

22.2 

ATeraee 

19.0 

19.7 

20.5 

C.Y. 7.156 N,S. 
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APPEHDn M 

MOISTURE COHTEirr OF THE SOIL AT THE EARIHQ 
STAGE OF CORN 

Range X ipUS 

Surface soil 

Replications 
Treatnents 1 2 3 Average* 

Turned only 10.1 10.5 8.65.1 

Subsolled and 
turned 10.2 8.3 9.7 9.U 

Subsolled and 
disked 11.6 9.6 7.0 9.k 

C.V. 19. M.S. 

Subsoil 

Replications 
Treatnents 1 2 3 Average* 

Turned only ^13.5 11.510.8 11.9 

Subsolled and 
turned 13.8 11.2 11.2 12.1 

Subsolled and 
disked 13.8 lii.l lO.U 12.8 

C.V. 9.85{ M.S. 

•Average yields based on three replications. 
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APPENDIX M 

MOISTURE COBTBllT OF THE SOIL AT THE EARING 
STAGE OF CORN 

Range H I95I4 

Sorfaoe aoil 

Replications 
Treatments 1 2 3 li Averaae 

Tamed only 6.1 5.9 7.6 6.3 6.5 

Subaoiled and 
turned 6.2 6.65.5 6.7 6.3 

Subsoiled and 
disked U.2 5.6 6.6 5.86.7 

C.?, 10,1^ H.S. 

Subsoil 

Replications 
Treatments 1 2 3 U Average 

Tamed onlj 7.3 12.6 11.5 12.1 10.9 

Sabsolled and 
turned ll.L 11.9 12.0 13.9 12.3 

Subsoiled ai»l 
disked 9^0 12.9 15.512.6 12.5 

C.V. 10.2JJ N.S. 
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APPENDIX 0 

ORQANIC MATTER CONTENT(F THE SURFACE SOIL 
OF RANGE II 

t1 

1 

At the date of eubaoiling 1950 

Treataente 

Tamed only 

Subsolled and 
turned 

Sabaolled and 
disked 

1 

2.00 

1.97 

1.93 

Replications 
2 3 

1.75 l.Uii 

2.07 2.21 

2.0I4 2.81 

h 

2.0U 

1.97 

2.00 

1.81 

2.06 

2.20 

C.V. 16.8$ N.S. 

After tvo cycles of the rotation 1957 

Treataente 

Turned only 

Sabaolled and 
tamed 

Subsolled and 
disked 

1 

2.28 

2.21 

2.28 

Replications 
2 3 

2.U2 2.35 

2.U5 2.55 

2.ii8 2.38 

k 

2.U2 

2.2U 

2.2U 

2.37 

2.36 

2.35 

C.V. 3.8$ N.S. 

'''a 

* 'V 

-■ 'v f - '-T ■*,./ 
\ 

> 

■-t'-'-t'>'>• ' ■ 
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APPENDH P 

OBOANIC MATTER CONTENT OF THE SUBSOIL 
OF RANGE n 

At thfl date of subsoiUng 

Treatments 

Turned only 

Subsoiled and 
turned 

Subsoiled and 
disked 

1 

0.66 

0,9k 

1,0$ 

Replications 
2 3 

0.59 0.77 

0.52 0.80 

0.87 0.80 

k 

1.12 

0.73 

1.80 

Ayeramv 

0.79 

0.75 

0,95 

C.V. 1B,1% N.S. 

After tvo cycles of the rotation 1957 

Treatments 

Turned only 

Subsoiled and 
turned 

Subsoiled and 
disked 

1 

0.55 

0.55 

0.55 

Replications 
2 3 

0.58 0.55 

0.88 0.61 

0.58 0.58 

k 

0.65 

0.51 

0.61 

Averaee 

0.58 

0.6U 

0.58 

C.V. 17.2^ N.S. 
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APPEMDIX Q 

obqahc matter content of the sqrface son. 
OF RANGE III 

At tha date of aubaolllng 19^2 

Treatments 

Turned only 

Subsolled and 
turned 

1 

1.79 

1.97 

Replications 
2 3 

2.06 1.66 

1.9? 1.99 

h 

2.99 

1.97 

Averaee 

2.13 

1.96 

Subsolled and 
disked 2.27 1.86 2.23 2.18 2.11* 

C.Y. 17.3$ N.S. 

After tvo cycles of the rotation 1957 

Treatments 

Tamed only 

Subsolled and 
turned 

Subsolled and 
disked 

1 

1.86 

1.96 

2.03 

Replications 
2 3 

2.20 1.96 

2.10 2.06 

2.03 1.96 

k 

2.06 

1.93 

1.99 

Average 

2.02 

2.01 

2.00 

c.v. u.o^ N.S. 
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APPEMDH R 

ORGANIC MATTER CONTENT OF THE SUBSOIL 
OF RANGE ni 

At the date of eubsoUing 

Treataieate 

Turned only 

Subsolled and 
tnmed 

Subsolled and 
disked 

1 

0.28 

0.50 

0.53 

Replications 
2 3 

0.76 0.97 

0.51 0.37 

0.71 0.U8 

k 

0.U6 

0.6it 

0.81 

Arerase 

0.62 

0.51 

0.63 

C.V. 37.3^ N.S. 

After two cycles of the rotation 1957 

Treatments 

Turned only 

Subsolled and 
turned 

Subsolled and 
disked 

1 

0.37 

o.UL 

0.51 

Replications 
2 3 

0.57 0.51 

0.U6 0.5U 

0.37 0.5U 

li 

0.U8 

O.iiB 

o.51i 

PCVWJSSS 

0.ii8 

0.U9 

0.149 

C.V. I5.UJ N.S. 
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