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A STUDY OF SOME EFFECTS OF SEVEN SYSTEMS OF FARMING
UPON CROP YIELDS AND SOIL STRUCTURE
By
Lynn S, Robertson, Jr.

ABSTRACT

Crop yields and soil structure analysis were determined on estab-
lished crop rotation experimental field plots.

Rotation caused no consistant difference in sugar beet yields from
one year to the next. The yields from some rotations were not as high
as they might have been hecause low nitrogen levels fregquently limited
growth, Also, black root, & sugar beet disease, was prevalent during
several seasons, This disease seemed to manifest itself eﬁually in the
seven systems of farming. FHowever, where beets followed alfalfa brome
hay, recovery from the disease‘did not apnear to occur as rapidlyv or to
the same degree as in the other systems of farming,

Sugar beets after heans resulted in the highest ylelds for the
10 year period, The lowest yields occurred in a cash cron rotation
wnich did not include a nitrogen supnlying lesgume crop.

Physical analysis of the sugar beet seed beds showed 1ittle or no
difference in soil conditions, However, differences in the root hed
developed later in the season, The cash crop rotation, which did not in-
clude a nitrogen-adding legume crop, was in the poorest physical state
as was indicated by aggregate'analyses, total and nonecapillary pnore-snace

analyses, vnenetrometer records, and nercolation studies.



The highest corn yields occurred where corn was preceded hy a leg-
uminous hay crop. One year eof. alfalfa~brome in a crop rotation had the
same effect on céfn vields as did two years of this hay in the rotation.
Clover~timothy in a rpta@ion instead of alfalfa-brome ;esulted in 10 7rer
cent smalle? vields, The plac;ng of a sugar beet crop hetween an alfalfa-
brome hay crop and the corn crop also caused a 10 per ceni reduction in
corn yield,

The lowest corn yields were obtained in a cash crop rotation which
did not include a nitrogen adding 1legume,

Dry screen analyses of seed beds indicated there was l1ittle diff=-
erence in the physical status of the soil at planting time,

The results of the aggregate analyses of the corn soil showed that
the sod cron in the rotation was responsible for the differences in total
as well as water stable aggregates.

The systems of farming did not affect the structure of the soil below
plow denth snfficiently to cause measurable differences.

Porosity determinations, both total and ﬁon~capi]1ary, indicated thst
systems of farming did affect the structure of the soil, The highest
percentages were obtained on tﬁe rlots where sod craops were included in
the rotations. The lowest porosities were obtained from the cash cron
rotations.,

Penetrometer records indicated that various systems of farmins cansed
great differences in the structure of the soil and that it was vossible to
measure these differences with a meretrometer. A new tvne of recordiag
penetrometer was aeveloped as a tool for rarid measurements and oroved fn
be successfuli,

A simple rapid soil test which is bhased on the stabitity of gai-

aggregates to water was devised,
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1. INTRODUCRION

At a 1939 meeting of agronomists and others interested in the pro-
duction of sugar beets in Michigan, attention was focused on the lack of
experimental resulis pertaining to crop'rotation and. segquence under
Michican's climatic and soil conditions., It was not ponssibie to cite
exrerimental evidence in regard to suck guestions as, "What crop sheuld
immediately nrecede sugar beets in a rotation? Are legumes essentia’ in
& sugar beet rotation, and if so which legume has the greatest effect on
teets? What vortion of the rotation time should bhe allotted to the
Tegumes !

In order to obtain satisfactory answers to these and other guestions,
the Terden sugar beet roiation experiment was started in the spring of
1940, Since that time crops have been harvested each year, Ry 1050 ths
rntations had comrleted two cycles in which observatincns and vieid deter-
sinatinng had been made, Definite answers to some of tre guestions had
heen determined, and as usually occurs, new cuestions had arisen,

Since the exmeriment was started and particuiarly after the second
cvele of the rotation started, many observations wers made in regard ko
soil stmeture, Mr, Ferden had noted that the soil v the no Jesume
rotation plowed barder than in other rotations, Water zeanmed to drain
more rapidly through the soil on the plots where alfalfa had grown. e
workers when blocking and thinning beets, regulated the speeld of their
work so they would be assigned the task of biaocking the bests which were

grown after alfalfa<hrome hay because "the ground, she soft in Tittie 377



big field have hard ground", The workers remenbered this difference when
they returned to work the heets for the second vear.
The purposes of this stndy were:
1. To suumarize the sugar beet and corn yields dnring
the second cycle of the rotation,
2, To report observations which wére made.dﬁriug the
ten year period in regard to both soils and crops.
3. To meke measurements on the soil in order to
determine to what extent rotations had affected
its physical properties.,
L, To develop a rapid soil test of an empirical
nature which would give an indication of the

structure of a soil,



I1. REVIEW OF LITERATURE
A. Crop Rotations--feneral

A great many studies have been made in regard to crop rotations
and their effects upon yields. However, most of these studies have not
included sugar bests, but primarily corn, oats, wheat, potatoes, and
cotton, Many have compared a continuous system of cropPing with a rotation
system.

Wier (57) made a study of the results of rotation experiments in
various parts of the United States and Rothamsted, E¥ngland. He found
that the effects of fertilizers and of crop rotations, when both were
used, added to the effectiveness of each other and that maximum yields
were possible only when both were used together, ILiming acid soils in-
creased the relative effectiveness of crop rotations in that it regulated
the crops which could be grown effectively in the rotations. Similar
conclusions may be drawn from a large number of experiments dealing with

grain crops (6, 15, 19, 51, 54, 57, 58, 59).
B. Sugar Beet Rotations

The sequence of alfalfa-corn is generally considered to be very good
but this is not the case for alfalfa-sugar beets. Leighty (29) reports
that "ordinarily the yields of sugar beets immediately following alfalfa
are low", ILill and Rather (31) state that the number of organisms causing
black root of beets is intensified in quantity by the growing of alfalfa

on infected soil; "Hence under conditions favorable to black root organisms,



the stand of sugar beets may be affected adversely if alfalfa is the
immediété forerunner",

Afanasiev, Morris and Carlson (1) stowed that seedling diseases of
beets occurred in increasing amounts where they were planted after corn,
notatoes, oats, alfalfa, beans, and beets,

Harris! (22) report shows that sugar beet ylelds were higher in a2
rotation which included alfalfa than in one which included sweet clover.
It was better, however, to grow sweet clover than to depend entirely on
non-legumes, Beets were not grown immediately after alfalfa in any of the
rotations in this study,

The effect of cash crops upon sugar beet yields according to 1ill
(30) with an oats-sugar béets sequence taken as & base are as follows:
barley (+ 0,26 tons); beans (+ 1,44 tons); and corn (+ 1.62 tons). In
another publication (32) Lill indicated that the sequence of soybeans-
sugar beets was better than corn-sugar beets, If the = ybeans were cut

for hay, the yields were higher than if the soybeans were used for seed,
C. Management of Sugar Beet Rotations

Plowving Time and Tillage. Soil management practices in a narticuiar

crop sequence can affect beet yields considerably., One yearls data by

7417 and Rather (31) showed that mid-August plowing'of alfalfa sod resulted
in higher beet yields than did spring plowing, Robertson's (43) dats, how-
ever, showed that early spring plowing wa# better than NoveMber vlowing,
There is meed for more investigation in regard to time of nlowing, This
problem is being investigated in a field experiment started in Michir-an

in 1950 (48).



It is thought that immlements other than the »low affect the stractors
of the soil, Numerous field experimentis are now In nrogress be deferming
the importance of>tillage methods upon crop growth, In rezard to sugar
beets, Cook and Peikert (12, 13), in what was considered to be a typical
rotation for the arsa in which the experiments were conducied, rather tharn
a desirable rotation, found great differences in weed vopulation resulting
fr§m variouns tillage methods, They suggested that weeds influenced growih
more than did the resulting physical conditinn of the seil caused by
different imvlements, The rasults of these experiments and others {(47)
indicate that a minimum amount of tillage leaves the seed and root bed in
& more porous state,

Manures, The value ~f livestock manure is appareﬁtly related tn the
natural fertility conditions of the soil rather than to roiations, thhn3s"
(37) summery states that greater reiurns were obtained by the nse of manure
on low yielding fields than on fields of higher production. The resulis
of Cook, Millar and Robertson (11) indicate that green manure, sweet clover,
alfalfa, or grass are better than stable manure ir farnishing nitrogen for
vounz sugzar beet vlants, These conclusions were drawn from field and Freen-
house exveriments on vhat would be classed as good fertile suzar heet sniis,
The use of manure for beasts apparently is advocated much more widely in
the West than in Michigan,

Fertilization, There are very few data in regard to fertilization in
different crop rotationsT i1l (33) in a @roéress repart, conciuded that
"the growth of the alfalfa crovn upon the soil apparentiy had a tendenzv in
upset the balance of plant food elements in the soil by incveasinsg the

amount of nitrogen snd reducing the amount of vhosphorus!, This is in arrec-
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ment with Robertsonls (43) exnianation nf why some vears beets after
alfalfa respond more to high fertilizer rates than do heets after corn

or wheat, PFurthermore, Lill (33) conclunded that the "unbalancing effech
of the alfalfa crop upon the mineral plant food elements may be corrected
to such an extent by the application of phosphoric acid to the soil that
the sugar beet seedling can resist the attacks of the hlack root organisms
and make normal growth", As.far as is known, very little rezard is given
to the iype of rotation being practiced when planting time fertilizer
recomendations are made. No reference is made in regard to different
methods of fertilization or fertilizer analysis in the Fertilizer
Recommendation Bulletin (18) for Michiean, However, for certain cron
seguences, particularly where beets follow small grains, these who make
fertilizer recommendations usually suggest that until the time of the

last cultivation the nitrogen status of the beets be closely ohserved.
Where Jeficiencies occur, nitrogen side dressinzs should be made, Their
recomnendations are partially based upon side dressing resulits obtained nn

the Terden Farm (44, 46),

Soil Structure. There has been very little published in regard tn
sugar beet rotations and soil structure, Farnsworth (16) and Farusworth
and Baver (17) have made important contributions in the field of soil
stmocture and sugar beet rotations. Their work showed a definite relatinn-
‘gshir hetween cropping systems, non-caplillary vornsity, and sugar beet atanis
and vields, Yoder (64) states that "the only position in the ratatiom that
ingures a structural stability of the root bed =sufficient to ingure ndegnate
aeration and drainage for beets is to place them immediatelv after a and
aron, High arganic matter invut and grass roots hoih contribote te water

resistant seoil granulation®,



III. PLAN OF STUDY

This investigation was undertaken in order to determine the effect
of systems of farming upon crop yields and upon soil structure. If
differences in soil structure could be measured, it was hoped that the
data could be used as a basis for the development of a quick test of an
empirical nature which could measure soil structure,

The plan of study included the following:

I Crop yields and observation on growth characteristics,
A, Sugar beets
B. Corn
II Plowing time observations.
III Physical determinations.
A, Dry screen anslyses of soil from corn and sugar beet
seed beds,
B, Aggregate analyses of soil from corn and sugar beet
root beeds.
C. Total and non-capillary porosity analyses of soil from
corn and sugar beet root beds.
D, Physical determinations on soil before plow depth,
E. Quick tests for determining soil structure.
1. Penetrometer studies.
a. Plumb-type penetrometer.
b. M.S8.C. penetrometer.

2. Percolation studies.



IV. EXPERIMENTAL FIELD SET UP
A, Description of Soil on the Ferden Farm

The Lee Ferden Farm is located in the sugar beet growing area of
Saginaw Couhty, Michigen, three miles south of Chesaning in the NWL of
section 33, TGN, R3E, The soil has been mapped by the farm planners of
the Soil Conservation Service, Saginaw, Michigan,.and is descritved as
having a surface soil] similar to Breokétdn or Clyde s0oil and a "brownish-
yellow, heavy, plastic silty clay subasoil‘similar to Toledo", Veatch (561
has indicated the soil on which the plots are located as being z member
of the Brookston series,

Soil analyses showed that the surface soil contained 25 to 28 vper
centclay and 50 to 58 per cent sand. It, therefore, was classed as a
Brookston séndy clay loam., According to Lynd (34) the soil contained 7.8
ner cent organic mattef; had a pH of 6.8, and a base exchange capacity
of 13.45 m, e. per 100 gms. of soil, of whichv8.95 m. e, are calcium,
0,165 m, e, are magnesium, and 2,45 m, e, are hydrogen. An open ditch
lies along the west side of the plots and the field is tiled at every four
rods. However, the subscil structure is such that the soil drains rather
slowly. There is & very gentle slope, 14 feet per mile, which allows some

surface drainage., .

B. Description of the Plots and Systemg of Farming

Seven 5 year rotations were studied, They were as follows:



LAl

I+ Barley, alfalfa-drome, alfailo~-brome, corn, sugsr beel
2. Bariey, alfalfa-brome, oilc) fa-prome, sugar heeis, oSuen

Barliey, allalfa~irowne, aifalfabesne, beans, surar haeia
= 3 ¥ ? & o

W)
L ]

L, RBarisy, oats, alfalfa, corn, sugar beets

5. Barley, oats, clover-timoiny, corn, sugar LeeLs

6. Barley, beans, wheat, corn, suéar beets

7. Barley, green manuras*, heans, wheat, green manure+, corn,

sugar heets‘

The green manure crop was seeded with barley and was ploved under for lLeans,
and was seeded in the spring on wheat to be plowed nnder Tor cors:,

The nlots wers arvanged in a split plot randomized block design.
Two fertilizer rates account for the split »iot design. Since the ”ﬁigh"
fertility plots (1,000 pounds of 2-156-8 per acre ver rotation) have ~at-
yielded the iow Tertiiity plots durlng the first cycle of the rotaiing,
this study was made only on. the high fertility ﬁlots. Tuesrefoce, Lfor 1he
rmarpose of this study, the pliots were treated as a randowdzed plot sines ie
ment, The rotations were replicated four:times and ail crops apneaved
eacn vear, BRarley gnd sugayr 53@%3 oceureed in 513 rotations, Corn anveasad
in all hut oane ~f the rotations,

So far the plots have been described as a crop roiaiisn esnaviment,
Aptnaily, the plots renresented systems of soll management within aiven
cron rotations, Therefore, in this treatise the tecrms "cron rotatinnsg!

and "svstems of farming" arce ased interchangeably. The sysiens F forain.

have peen numbarcds-=called robtatinn muther--for the gake of ennvenlence.

b A < = e TS T T

%  Mixture of alsike, June, Mammoth, and sweehb 2lover,



The use of:livestnck manure, and the disnositiom nf cron residues
were regnlated according to the systems of farming which might be vracticed
with the different rotations., In rotations 1, 2, and 3 wanure at the raie
of 10 tons per acre was applied for corn and beans. In rotations 4 and
5 with only 20 per cent’of the land in hay,:a farmer would not feed as
many cattle so the manure applications were 7 tons per acre, No manure
was applied in rotations 6 and 7 because under such farming systems live-
stock are not generally raised,

Corn stover was left on all the plots, Straw and sugar beet tops
were returned to the plots in rotations 6 and 7,

A complete description of the plots and how they have been handled
has been published (10).

According to the original plans for the experiment sweet clover way
to be seeded in barley and wheat in rotation 7., When this was attempted,
poor stands of sweet clover resulted because an insect (Sweet clover
curgu]io) devoured the small plants. Starting in 1945, a mixture of
alsike, June, mmnoth, and sweebt clover was substituted for the sweet
clover. Since that time, good stands of the leguminous mixture were ob-

tained.



V. GENERAL OBSERVATIONS

During the course of this exneriment, several changes occurred in
the physical setup of the experiment which should be mentioned., 4t a
few locations, short strings of tile were placed helow certain series of
plots which seemed to drain slowly. These tile have aided considerably
in draining local areas which were naturally wetter than the rest oi ihe
field, Also, the open ditches were cleaned out in 1947 and this
materially decreased the flow of surface water across the pints in the
spring, On this soil, adeguate drainage is of prime imporitance for zat-
isfactory crop yields, Since instailation of this additional drainave
the sonil has been mich more uniform and has worked ur esasier in the
anring,

The cropns grown in this experiment were probably adequately fertili-
zed in regard to phosphorus and potash because there was little evidence
of a deficiency of these nutriants.

This was not the case for nitrogen, Sometimes, the cron rields were
lower than they would have been if adequate nitrogzen had been available,
The cash crop rotations suvplied much less nitrogen than did those
rotations which might fit inte a livestock system of farming., Perindi-
cally, the corn yields were increased by side-dressed nitrogen even where
corn followed immediately after an zlfalfa-hrome hay cron,

The sugar beets, despite the fact that they receivad nlanting time
avplications of manganese and boron, duringe some seasons showed deficiency

symptoms for these nutrients.



VI. EFFECTS OF SYSTEMS OF FARMING ON CROP YIRLDS

Only the ylelds of sugar bheets and corn are reported in this stundy
because the nther crops had some variable other than rntation which
might influence the yields. For example, the barley was fertilized
with 500 pounds of 2-16-8 in Rotations 1, 2, and 3; and with 250 pounds
in 4, 5, 6, and 7. Therefore, it would not be justifiable to compare
the vields where there were ﬁhese two fertilizer rates and suggest that
differences might be due to crop rotations,

The crop yields of the first cycle of these rotaiions have been

w1l ghed (1),
A, BSugar Beet Yields

Sugar beet roont yields were used to indicate the yield rather
than pounds of sugar ver acre bhecause sngar determinations have shown
iittle differences as caused by rotations, This procedurs shounld rednce
the experimental error which might be obtained if sugar analyses were
incinded in the interpretation of the data,

The sugar beet yields are shown in Table 1, ¥o yields were obtained
in 1947 hecanse the beets had to be dragged up after renlantings failed,
Black root disease decreased the stand of both plantings to such an ex-
tent that the nlots had to be abandoned for that year, In 1948, 1949,
and 1950 all of the beets had black rnot, but seemed to out-prow the

disease as the season progressed, Almost average yields for the area were

obtained.
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Durinz the first cycle of the rotationg, the hiehest yields ogcurrad
where sugar beets followed two vears of alfalfa-hrome hav (Rot, 2), The
rields were somewhat higher than where sugar heets followed beans (Rat, 30,
However, by the end of the second cycle this difference disarreared and
the yields after beans were higher than those after alfalfa-brome hav,
Greenhouse eXperiments sugseested that the beans—sugar bheets segnence
resnlted in higher beet yields than did alfalfa-sugarlbeets {11), This

'is because the yield of beets after alfalfa has not been consistently zond,
In fact, in 1048, 1949, and 1950 the yields from Rotation 2 (alfalfa-brore,
beets) were lower than from the cash crop rotation (Rot. 6),

The data in Table 2 show that the low vields where beets followed
alfalfa (Rot, 2) indirectly were related to the number of marketable
sugar beets, In seven out of nine years this rotation produced less
marketable beets than did any of the other rotations, The data in this
table are_slightly misleading in that a wniform spacing of beets in the
row is assumed. This, however, was not the case and it partially accounts
for the reiatively high stand counts which some years were assnciated
with relatively Inwv yields.

Rotation 6 (all cash crop) has consistently rroduced low heet vields,
The Tow yields are nmartially a result of insufficient nitrogen heine
sunvlied by the soil in this rotation., This was more evident in this
rotation than in any of the others (Table 3).

The beets in all of the rotations excent Rotation 2 (bests after
alfel fa=-hrome hay) reanired more nitrnzen than was natarally surolied by
the ¢nil, The plant tissue tests rerorted in Table 3 -and the nitrosen

gide dressing results showed this to be true,
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The side dressing results in 10LE showed an increase in vieid rang-
ing from 0.90 tons in Rotation 7 to 2.2é tons in Reotation 7, Two=hundrel
rpounds of ammonium sulfate was anplied at the last cuitivation., In 1648,
inspite of the fact that the side dressed rows did nnt contain as many
beets as did the check rows, side dressing in Rotations. 6 and 7 incréased
the yields 0,85 and'1.81 tons, respectively.. The beets were not side
dressed in 1950,

In this experiment, the effect of rotations upon beet yields was
not as great as uvon corn yields, This is undoubtedly due to the fact
that sugar beets followed corn in all except two rotations., Corn followed

six different crops,
B, Corm Yields

In this exveriment corn occurred in only six of the rotationes., The
vields of corn, as affected by rotations, have been very censistent
(Table 4),

The corn yields arranged themselves into three grouns, Where corn
followed wheat (Rot, 6) the yields wgre_the lowest in the experiment every
vear curing the 10 year vperiod. This was partially caused by the extreme
nitrogen deficiency which occurved each year, When the cnrn was side
dregsed with nitrogen, the yields were increased to such an extent that
there was little difference in yields in this rotation and the reotations
which jncluded alfalfa, In 1948, 1049, and 1950 the yields in this
rotation were increased 15,0, 22.1, and 20,0 hushels,,respectively, where

the ¢nrn was side dressed with 200 pounds of ammonium sulfate a2t the time

nf the last culiivation, No side dressing was made nrevinus to 1948, bhut
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deficiency symptoms and plant tissue tests indicated that severe nitrosen
starvation oceourred (Table 5).

The second group includes three rotations, where corrn followed
sugar beets (Rot., 2), where it followed clover~timothy hay (Rot, 5),
and where it followed wheat which was seeded witﬁ a leguminous green manure
mixture. The corn yields in these three rotations were consistently
higher than in the cash crop rotation (Rot. 6),'but were lower than
vhere corn followed alfalfa. The ons inconsistent figure, in Rotation 2
in 1948, was the result of the sugar beet failure in 1947, Thns in 1948
corn actually followed summer fallow, which in turn had followed alfaifa,
instead of fo}lowing sugar beets.

This second group could be subdivided into two smaller groups on the
basis of growth characteristics. The corn which followed the wheat--~green
manure, and that which followed the clover tiwmothy, consistently responded
to nitrogen side dressing. The increases in yield 'due teo nitrogen were
smaiier, though, than they were in the cash crop rotation, ' There ﬁas no
difference in maturity of the crov as indicated by moisture determinations,

The corn which followed sugar beets freguently grew mch slower than
in any of the other rotations and stalks remained green longer in the
fzl1l, Yo data are available in regard to maturity of the grain because
the cnrn was always harvested some time after a killing frost., Evidentiy
this fact accounis for the lack of data showing a difference in maturity
of the grain,

Another observation was made on this rotation in regard to the cnlor
of the corn before it reached knee height. Frecuverntly many of the corr

plante had a purple tinge identical to the phosphorus deficiency symtoms



Tabie 5

Tigsuc Tests for Witrate in 19463

The Effect of System of Farming Unon Corn Plant

Nitrate Tissue Testt

Rotation Crop Date of Test

Nunber __Sequence 63 6251725 [7210] 7=15] 8=1 |8=018-20]9-5|Bu/i,
1 SB-Row-A-A-C H]E {g|vE| MM |[L|{B{L |3B|s58.2
2 Ba-A-A-SB-C | H M |M|H®H | H [ Mm{L|B |B|[53.7
4 1 SB-Bam0mA~C H{H |{H|VE|M | M |B |3 |B|62.9
5 SB-Ba~0-Cl-¢ |H |{H (M |{M | uw lsis|® |B |s0.0
6 SR-Ba-Be-W.C |H M [H|M | B B {33 {3 |w.8
7 SB-RBa(gm)~Re H | H H | M B L {B|® B |5L,1

~W(egm)=C ‘

]

2 SB-sugar bheets
Be-beans
Ba~harley

A-alfalfa brome hay

C=corn

Cl-clover timothy hay

W-wheat

VH~very high, H-high, Memedium, L-low, B-blank

gm-green manure mixture of alsike, June, and sweel clover

O-oats

3 Commosite samples from all replications



described by Cook and Millar (9). Plant tissue tests indicated a low
phosphorus level. This deficieney seemed to be more intense during
those springs having more than normal rainfall and lower than normal
temperatures.

The highest corn yields occurred where corn followed immediately
after alfalfa-birome. Whether the alfsifa~-brome hay was left one or two
years made no difference in the yields. The yields from these two
rotations (Rot. 1 and 4) have been significantly kigher than where corn
followed clover~timothy, sugar heets, or wheat. The plants in these
two rotations have tested higher in nitrogen and nitrogen side-dressings
have not materially increased yields.

Plant tissue tests made during the growing season have always given
positive tests for P and K in the plants from all of the rotatioms.

This indicates that regsrdless of the fact that ths corn did not receive
fertilizer at planting time, the plants obtained adequate asmounts of

these two nutrients.

21.



VII. PLOWING TIMi OBSERVATIONS

The effect of systems of farnming on the physical status of the
go0il was very noticeable when the plots were heinc plowed. This was
more evident when the nlowing was for corn than for beets hecause corn
followed more different crops (Plate 1),

Corn followed two years of alfalfa~brome hay in Rotation 1, When
*he sod was plowed, it turred over in long ribbons and had a glossy
appearance, The scil armreared to be very tisht or dense, but when dry
hroke inté fragments with most of the fragmerts varving bhetween one-haif
and three inches in diameter, This has occurred within 15 minutes after
nlowing, The soil seemed to dry much more rapidly than where some onther
crop was plowed under,

In Rotation 2, corn frllowed sugar heets. When the soil was niowed
for corr, it turned over in large clods, many of them over a fool in
diameter (Plate 1), Under the feet, the plowed soil felt tough and hard.
Drving caused very little fragmentation of the ¢lods, When the heets lLad
heen harvested during wet weather, as they were in 1948, it was nossihle
tn obgerve the effects of tractor wheels in the nlowed soil, The trucks
which hauled the beets to the factory had more effect on the sofl than
did the wheels of the hérvesting tractor, In either case, the compzcted
soil was evident even where the furrow had been turned to a demth nf &
ar ¢ inches, The soil in the wheel tracks dried siowly and did not breal
ur readily with & disc during seed bed preraration. Since these ~hserve-

tions were made, trucks have nnt been allowed on the nlois, even iLhongh
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the soil seemed relatively drv. Rotation 4 had one year of alfalfa
rreceding corn, More alfalfa roots were visible after nJowing than in
Rotation 1. The so0il turned over in indistinct ribbons commnsed of very
angular fragments varying between one and three inches in diameter. Unown
drying, the fragments broke into smaller pieces and the soil had a simiiar
appearance to the soil in Rotation 1 except that the furrow slice wsas

lese distinct,

Corn followed clover-timothy hey in Rotation 5, When these plots
were plowed, the soil turned over in an indistinct ribbon composed of
small fragmenis less than two inches in diameter (Plate 3). Upon drying,
the fragments broke down into particles no larger than three-quarters inch.
In 1647 and 1948, after plowing manure spreader tracks were plainly visible
on the plots in this rotation (Plate 4). They were’not seen on any of
the other rotations,

In Rotation 6, corn followed wheat. When the land was plowed for corn
in this rotation, the individual furrow slices were not distinguishable in
that they were composed of small (less than one inch) angnlar fragments,
The plowed plots were level and showed little indication of individnal
furrow eglices, The fragments did not hreak down upon drying, The gnii in
this rotation always seemed wetter than in any of the other rotations at
nlowing time, Also the plow d1d no+ cut as wide =2 furrow and was Liarier
to keeh'in the soil when the moisture content was low {(Plate 2),

Tn Rotation 7, corn folilowed wheat in which bad beon seeded a green
manure mixture. At nlowing time the Turrow slices were not distineci and
contaired a large number of angular fragments varyving between mme and tire.

inches in diameter, The s0i) was similar to that in Rotation L, hui uron



drying, these fragments did not break up into smalier frasments, In this
respect, the soil was similar to that in Rotation 6.

In Rotation 2, sugar beets followed alfalfa-brome hay, At plowing
time the soil had the same appearance as did the soil on the vlots in
Rotation 1, where corn was to be planted.

Beets followgd beans in Rotation 3, but the beans did not affect the
characteristics of the plowed soil differently than did corn which preceded
the beets in all of the other rotations, When the corn stover was plowed
under, the soil turned over as indistinct ribbons compnosed of varyine
sized clods,

These obssrvations alone are not of much value, However, after a
rain it was not difficuit to see the relationship of soil avpearance to
water stable soil particles. Generélly speaking, the smaller the soil
rarticles, the less distinct 1ribboms during plowing, the less stable wers
the soil particles. This undoubtedly was due to the influence of the
grass roots, Under the conditions of this experiment, there were always
more brome grass roots than timothy roots which probably accounted for

the more stable soil varticles on these plots.



VIII, METHODS USED IN PHYSICAL DETERMINATIONS
A, Dry Screen Analysis of Seed Beds

Dry screen analyses were made on screens measuring approxXimately
2 x 4 feet, Soil was sampled with a small square nosed spade to a depth
of 3 irclhies at 20 random locations in eachudot Lthe day after £he crop
was planted. The total amount of soil removed from a plot for screen
analysis varied between 30 and 50 pounds, Care was taken to keep all
ageregate breakage at a minimum, The soil that was caught on the screen

was removed and weighed and that which passed through the screen dropped

onto the next screen having a smaller size opening,
B, Agegregate Analysis of Root Beds

Soil samples were collected in the spring after planting time, dut
nrevious to the first cultivation, with a spade to a depth of 7 inches,
This was approximately plow depth, Samples were from four random locatinns
ver plot, The four sémples from each plot were commosited. After the
soil was partially air dried, it was passed through a 10 mm screen and
then completely air dried, The material finer than 5 mm was then removed
by screening. The 5 to 10 mm material was then used for aggregate
analysis, This was done so that aggregates of uniform size might he com-
pared. Preliminary investigations showed that this procedurs, using uni-
form gize scoil particles, reduced the experimental errors, Actnally the
screened sample represented between 49 and 86 per cent of the original

soil sample depending on its moisture content at sampling and screenine tiue,



There was no relationship hetween the per cent of the nrigsinai soil sammie
used for the aggresgate analvsis and the systems of cror rotatioms,

Water stable aggregates were determined by the principle outlined
by Yoder (62). The laboratory-made wet-sieving apparaﬁus overated four
nesta of sieves simltaneonusly at 30 strokes per mimute through a distance
of 50 mm, The sieving time was 30 minutes. Standard wire sieves havincs a
6 inch diameter and openings of 4,00, 2,00, 1,00, 0.50, 0.25, and 0,10 mm
were used.

Twenty-five grams of the soil was used for each determination, The
air dry snil was placed on the toyp sieve and the nests of sieves were
set in motion, After sieving,the soil material which had collected on

each sieve was dried and weighed,

Review of Literature on Agsregate Analvsis. Bouyoucos (4 ), Rhoades

(L1), Cole =2nd Rdlefsen (7), and Yoder (62) have proposed methods for
measuringz the aggregation of soils, but Yoderls vrocedure has probably
bean used as mich or more than any of the other nrocedurss becanse of its
simmlicity. HRetzer and Russell (L0) have stated that all of the pro-
cedvras are empirical in nature in that care in operation is needed to
obtain renroducible results, Laws and Evans (26) have shown a decrease in
aggregation of a rendzina soil resulting from years of crovnping, VanBave?
{55) has shown a decreace in aggregation from virgin sod to rotatinsnal corr
to econtinuous corn, Kinte and Jacob (25) have shown that the stability
of asgregates in the 2 - 5 mm fraction separated from the air dry soil was
significantly increased by the addition of organic matter to soils, These

have been the general conclusions of other imvestizations (20, 24, 38, a5,

61),



C. Poresity Studies of Ront Beds

Porosity determinations were made on a pF table similar to the one
described by Leamer and Shaw (28), Soil! sample cores were cnllected from
random locations on the sugar beet and corn nlois, excent that attention
was paid to row location, Core samples were always taken 10 inches from
the corn rows and 7 inches from the beet rows, This was done to minimize
the effect of the soil which is thrown towards the rows during enitivation,
These distances from the rows renresented areas where soil accumilation
or soil removal was at a minimm. Cores were taken of the surface soil

and no attempt was made to remove the crusts which always formed,

Review of Titerature on Porosity. Slipher (50) has enumerated several

immnrtant regquirements of an ideal scil structure, Others could verhaps
be added, Most of the reagnirements are directly related tn soil morosity
even thongh some of them are not of an agronomic nature, It would seem
that an ideal soil structure should (1) offer minimam resistance to ront
renetration, (2) rermit free intake and moderate retention of rainfalil,

{3) nrovide an optimum soil-air supnly with mederate gaseous exchanze
between soil and atmosphere, (4) hold to a minimim fhe competition hetweer
air and water for ocecunancy »f pore snace volune, (5) provide a maximum
resistance to erosion, (A) facilitate the placement ard coverage of graen
manures and other organic residues, {7) promote microbial activity, and (&
nrovide stable traction for farm imrlements, Thus according to Yader {a3xy,
the requirements of @ desirab]e atructure are act of a singular natvre, hut
mist meet "binlogic, agronomic, and engineering ohjectives!,

Tf snil morosity is related either directly or indirectiy to these



eizcht charac*beristiés nf an ideal goai’ stroctore, 7% s easily anderstang
why soil morosity determinations are nf great vailue., However, exnerisnce
has shown that total rore space determinations fail to adequately charac-
terize the nhysical status of soils in resard to plant growth responses,
At the present time, probably the best kmown method and mosh . widely nsed
method characterizes the soil as to hoth total pore space and air space.
Several technigues have been devised for such determinations (5, 21, 27,
36), but the one of Leamer and Shaw (28) has been usei mrst widelv hecanse
it utilizes a simple apparatus which allows for ranid determination of a
large number of samples.

Rradfield and Jamison (5) have suggested the term "non-capiliary"
nores, the pores beiween the ageregates vhich regulate drainare, nercn’aw
tion, and aeration, WNelson and Baver (36) have suggested thai where only
one tension is to be used to exoress non=cariliary pornsily, Lne
tension wonld be 40 centimeters of water, Baver and Farnsworth (2} shawed
a direct relation between pores drained at this tensgion and the yiseld
nf suzar beets, These results would seem to indicate that for germaral
work, one noint orn thae nore size distritution curve is sufficient to cive
a gond indicatinon of the soillg physical status if the prorer —oint s
chngen,

Teaner and Shaw (28) have stated that "in those re~ions where #317ins
is necessary, tension (in centimeters of water) eonal to the derth ol the
tite would seem ho he verv satisfactorv", Therefore ir this investigzating

a tenaion of 90 centimeters was used, which is the anreoxipate denih of

+he shaliowest tile,



D. Penetrometer Studies of Root Beds

A soil pensirometer is an instruament which measures the resistance
offerad by a soil to penetration by a mrohe., It would seem that pene-
trometers should have been widely used, but there are several reasons
why this has not been true, The instruments are for the most part com-
plicated in desien, expensive to build, and bulky and laborious to use,
Also, soils are so heterogeneous that a few records from a given vlot

do not give a true picture.

Review of Literature on Penetrometer Studies. Several designs have

been published (14, 23, 39, 45, 49, 53). Probably the most novel idea in
regard to penetration studies is that recorded by Cuplin (14) when he
used a 0,45 caliber revolver and measured the depth of penetration of

the bullet as ar index of soil hardness,

Many soil conditions influence renetirometer records, S?one and
Williams {52) and Reed (39) considered that penetrometer readings cenld be
used as indices of porosity., MNeKibhen and FRull (35)'hava shown very high
correlation coefficients betwe.n soil stability {(resistance to comractian}
and penetrometer records. Shaw, Haise, and Farnsworth (49) concluded that
soil moisture is the dominant factor influencing these records. They also
feel that it is not practical to attempt o correlate penetrometer regerﬁs
in terms of specific soil promerties, Richards (52) has shown hnw 31 FEl -
cult it is to senarate the effect of roots and soil, Many references cite
instances of difficulty encountered in interrreting penetrometer recmrds,
the came rTeferernces corclude that the nenetrometer furnishes jnust one nof

the many measurements that are necessary to evaluaie a given snil condition

corrcectly,



E. Percolation Studies

The equipment used for the studies included glass tuhes measuring
1 3/4 inches in diameter by 8 inches long and screens containing 64 one-
sixteenth inch round holes per square inch, These screens were susnended
undep one end of the glass tubes,

Soil was air dried and passed through a & mm screen, It vas then
passed over a 1 mm screen, The soil material which was retained on the
) mm screen was used, One bundred cc of soil was rlaced in the glass
tube on & disc of filter paper which had been placed over the»screen. The
soil was soaked for 40 hours in water and then th; percolation raté was
determined by measuring the time réquired to percolate 100 cc of water
through the soil, A water head of two inches was maintained during the
rercolation time, A paper disc was placed on top of the soil to decrease
aggregate destruciion while watér was being poured onto the soil,

A series of experiments leading up to the described“procedure were
'performe&. The 80il samples were screened to a uniform size to accentuate

the differences in percolation rate which occurred hefore screening,



IX. RESULTS OF PHYSICAL DETERMINATIONS

A. Dry Screen Analysis of Sugar Beet and Corn Seed Beds

In preparing a seed bed for corn or beets, care was taken to have
as nearly as possible the same type of seed bed for =11 of the rotations.
The amount of work required to fit a seed bed has been the same for all
rotations, Seed bed preparation has usually included two workings with
& double disc and one with a spring harrow followed by a spike harrow,
Qccasionally some extra work was necessary on small areas but the
locations were not confined to certain rotations.

Sugar Beeit Seed Bed. The results of the dry screen analyses of the

sugar beet seed beds are shown in Table 6. Crop rotations caused no

differences in these analyses.

Corn Seed Beds. The results of the dry screen analyses of the corn

seed beds are shown in Teble 7. The data show that the seed bed in the
cash crop rotation (Rot. 6) was significantly more cloddy than in tlre
sther rotations., The plots where corn followed two years of alfszlfa-brome
hay (Rot. 1) contained 21.% per cent more fine soil material than did the
plots where corn followed wheat (Rot. 6). This would indicate that it
requires more work to fit a similar seed bed in a cash crop rotation
than in one which included two years of alfalfa-broue hay,

The current idea of reducing the number of tillage operations to a
minimum could be practiced more easily where a rotation included a good

alfalfa~-brome crop. This type of rotation makes it possible to fit a



6t
9*6¢
e
0°0n
9°6L
0°gt
£°9¢
g/ T

[PPEOTPUI S3TWTT 8215 WIYTH (°

8°ST
§°4T
661
9*4T
€0t
§°12
IALS

8/1-%

UOT3eO{Tded Yoed wody

7°4T 821
78T 2°€1l
G*gT  1°CT
T°8T  £°21
L°9T  n°21
48T  0°TI
G°9T  0°¢T
3 £q)

20Tt

4'8
g°* 0T
2°6
2°0T
'8
£*T

-2

oA AW b

Iy

uBB =9y

Rl AWGOMEY ASACTO=1D
§980=(

WIOD=]

ey suody eliRITe=Y
Ao [aey~eq

94984 JBFUB-HY

4

8U0 ~ UOT}BULWISIOD 4 JO dFRIeAy I

oy

s
9°¢
A3
82
8
'z
2'h

ue

§91830043Y QU8 J8g

mmuolﬁamun3nmmuﬁsmwam
g5-0-p-ed—ed
g8-0=10~0~ed

g5 =0 =y-0~et
gs=2q—-y-v-Bd

€S =y-y—2€~D
g5-0-V-yed

qummﬁmmm
doayp

6h61 UT speg peag jeeq JIeIug JO

sTsiTeuy ueaog Lig uodn Fulmied Jo sweqshS Jo 40033F oY

[LATES o ey

™

1

B &Yy
uo TR0y

9 e1qes



0°9¢" ST
w*g2" . 9'nU
2'en’ 9°61"
0°9¢" 6°LT°
A £°5T
Ul T°0Z"
8/t g/T-%

[POYEOTPUT ST 0ZT§ UTY3TA

SJITITBW USDIF =T
FBFUM—]
uBd §=ag

Aoy Aujonrl I9A0[O=1D
S0

WIOI=0

fay sueaq BL (e} e=y
AgTdeq=eq

- 8498 JeINS-gg

2

UOT3e0Tded Yoed WO QUO = UOLIRUTNIILOP 4 JU 8FRI9Ay .
. . - E " = . -

0%€2 64T
G°12  H'61
©°22 81Tt
L2 6°€T
8'9T.  0°St
0°8T  0°0T
SPoT) ¥

o

4
0°tT
04
8%4

ALY

€4

-2

£°1
1°¢
0°0

4°0

ue

o0 (°3m Aq) juedasg

g=(w3 ) -p-og—(us)eg~ds
O~p-eg~Bd S
0~T0-0~Bd—HS
O=y=0—8E—gs
0-HS=V=V-eqd
VTY-YBETHS

@ousnbeg

¢ doap

6761 UT SPAY PIdS UIOH JO SISATeUY

ueaog Aiq uodn Fuiurey JO swaqsAy JO 300II OYJ

N ar v NO

~

I QU
U0T38308

PR CL-N



coﬁparable seed bed in fewer operations,

In Rotation 4, corn followad one year of alfslfa~brome hay. The soi’
in this rotation did not crumble as finely as it did in Rotation 1. The
hay in this rotation has never contaired as much trome grass as has
Rotation 1. This is because the brome grass is slow Lo hecome establ’shed
and it is not until the second year that it represents a very significant
vart of the hay mixture, “It ig. thpugh;t thgt t?ﬂ.e trome grass was respon-
gible for the difference in the condition of the soil in these two rota-
tions.

Differences in séand of cﬁrn planis on thése plots have not been
noticed, so possibly the differences in the seed beds were minor in regard
to seed germination and grbwth. Cbunts wefe m;de only in 1947. The
numbers of plants were 958; 865, 941, 989, 958, and 841 per 1,080 feet
of row in Rotations 1, 2, &, 5; 6, ané»?, resp;ctively. These figures

indicate no relationship to the differences in seed beds as measured in

1949,
B. Aggregate Analysis of Corn and Sugar Beet Root Beds

Corn Root Beds, In 1546, soil samples were taken from the corn plots

in Rotations 1 and 6, Preliminary investigatigns indicated a grezt and
2 meaningful difference 1#Athe:results‘of the aggregate analyses of
samples taken from the two rotations., The soil from the livestock s&stem
of farming contained greater percentages of the large agegregates and the

aggregates were more stable, as is shown in Table 8.

L)
-
-



Table 8

The Effect of Systems of Farming Unon Aggrecate

. Analysis of Corn Root Beds in 1946

Rotation Crop
Huniber Sequence 10-4
1 SB-Ba—A-A-C 11,4
' 6 SR-Ba~BRe-W-C 903
1 SB-sugar beets

Ba-barley
A-glfalfa brome hay
C-corn
Re=bean
Wewheat

Tahle @

Particles retained on each screen (%)

Particle size distribution (mm)

2=1 1-.5 2 5=.25 «25-,10 less .1
9.4 14,0 21,2 19.2 13,0
7.0 13.7 5.1 23.5 14.7
The Effect of Systems of Farming upon Aggregate
Analysis of Corn Root Beds in 1947
Particles retained on each screen (%)
Particle size distribution (mm)
Rotation Crop
Tapber Sequencel  10-4 L2 2-1 1=-.5 o5-:25 .25-.10 less .0
1 SB~Ba~A-A-C 8.0 6.6 6.7 14,6 22.5 22.6 19.0
2 Ba-A-A-SB~-C 8,1 6.6 6.6 13.2 26,1 20.8 18.4
4 SB-Ra~0=A-C 15,1 7.7 55.7 15.4 20,0 14,8 21.3
5 SB-Ra-0-C1-C 10,5 f8.9 6.2 11.2 22.4 22.0 15,8
6 SB-Ra-Re-W-C 2,6 L6 L,8 9.5 24,2 31,9 224
7 SR-Ra(gm)-Be 8.6 5.3 5.0 11,8 26.0 24,0 18,¢
W= (gm)=C
Biue grass 36,6 104 8.4 8.9 11.7 8.1 15,5
J Ba-barley
Be=hean
A-a)falfa brome hay
C~-corn

SE-sugar beet
O-oats

Cl-=clover timnthy hay
W=wheat
gh=green mamire



Table 10
The Zffect of Systems of Farming Unon A-presate

Anatysis of Corn Root Beds in 1040

Particles retained on each screen (%)
Particle Size Dishkribuiion (imn)

Rotation Cron - . .-

Vumb er Sequence 10-4 L2 21 1-,5 ,5-.25 ,25-,10 less .
1 SBeBa~A-A-C 5.4 3.8 5.5 13.4 27.0 27.7 17,2
2 BamA-A-SB~C 3.9 44 49 120 26,1 304 5.2

b  SB=Ba-0=-AmC 5.4 2.9 5.8 13.2 2%.5 25.8 15,0
5 SBuBam0n(1=0 7.3 3.0 5.3 12.3 26.5 28.4 1740
6 SB~-Ba~Re-W~C 2,1 2,3 4,1 11,6 28.4 30.4 2i.1
% SB~Ba~(gm)-Be- 1,56 2.8 5.4 12,9 28.4 30.2 TR

W= (gm)=0C

Table 11 :
The BEffect of Systems of Farming vunon Assrasate

“Anolysis of Sngar Beet Root Beds ip 1547
Particles retaired on each screen {7)

. Particle Size Distribution (mm)
tion  Crop '

Rotzt , ‘ . . .
Wariner Sequencel 104 Lz 2-1 1.5 o Gmalh e25=,10  ess G
1 Ba~A-A-C=SB 5,4 8.1 5,8 10,4 22,9 24,2 27,2
2 C-Ba~A-A-SB 10,6 7.9 5.7 9.9 21.1 22,5 22,2
3 Ba-A-A-Be-SB 5.0 7.6 5.5 9.6 22,5  25.4 2L L
L Ba~0-A-C-SB 8.1 7.0 5.7 9.8 16,2 21.9 ol
5 Ba~0-01-0-SB 6.9 7.1 5.2 10.6 21,1 24,3 2h, 5
5 Ba~BemW=Cm3B 6.3 6.8 5.7 9.9 22.8 25.5 23,0
7 Ba~{gm)-Be-W- 7.4 10.5 6,0 10.2 211 2).7 ey’
(gm)-C-~SB
Grass 36,6 10,4 B4 8.9 s 1.7 8,1 .
: ‘
Re~harley O-nats
He~bean Cl-clover timathy hay
h-alfalfa brome hay SB=sugar heets

C=corn gi-green manure



Ryl

The 1947 apggresate analyses. of the enil from the corn niots (Tahie )
indicate that cne year of hay (Ret, 4 and 5) in a rotation resuited in
more water stable aggregates than did twe years of hay, but sach was not
the case in 1949 (Table 10), The data from all three vears shnw that

the soil from the cash crop rntation was the least stable and was
ageregated to a lesser degree than was the soil from any of the other

rotations,

Sugar Beet Root Beds. The aggregate analyses of the soil from the

sugar beet plots (Table 11) show little difference in aggregation hetween
Rotations 1, 3, 4, 5, 6, and 7. In Rotation 2 (heets after alfalfa), the
soil was more stable and better aggregated than the soil in any of the
other rotations, This is in agreement with observations that have been
made by the beet workers at blocking and thinning time and by Mr. Ferden
at cultivation time,

If the aggregate analyses of the corn and beet soils are compared
with the aggregate analyses of soil under sod located in a 1ittle used
alley way adjacenl 1o the rlots, the potential value qf grass as an
aggrecating agent is flly realized, Insrection nf the screens during
the time the analyses were ma@e showed clearly the mechanical effect of
the grass roots in binding some of the smaller aggregates together to
form larger ones,

I+ is thought that the agecregate analysis of soil samries taken at
the time these were obitained reflect the influence of the rreceding cron,
If this is the case, the great difference in agg?egation af the soil ot
tained from the corn and sugar teet nlots in Rotaticn o might svesrest (hod

corn has an aggregating effect unpon the s031, The validsify «f thiz idex



is doubtful, but the difference is so striking that further investigation

along this line should be made,

C. Total and Nen-~Capillary Porosity of

Corn and Sugar Beet Root Beds

Corn Root Beds. Total vporosity determinations wade on soil samples

collected -in the early part of the growing season suggested that there
was no difference caused by crop rotations (Table 12)., The samples from
the nlots where corn followed wheat (Rotation 6) contained varticles of
straw and therefore, it was thought that the straw might significantly
raise the total per cent vorosity, Thisg, however, was not the case hut
it is believed that the presence of the straw did materially influence
the results of the determinations, The fragments of straw were still
visible in the samples which were collected at corn harvest time, but
mich of their structure had been lost so that they probably did not affect
these determinations nearly so mich as they did earlier in the sezson.
Desvnite this, at harvest time the soil in the cash crop plots contained
the lowest per cent vors space. The 1948 data are in agreement with
those obtained in 1947,

The results of the non—carillary pore space determinations showed nn
difference in the soil under the different systems of farming in 1947, TIn
1948, at harvest time, the soil in the Rotation 6 nlots had the lowest
non=canillary vpore space. The greatest non-capillary nore snace occurred
where corn was preceded hy two years of alfalfa-hrome hay, The effect
of alfalfa-brome sod in a rotation was evident, The Jeguminnus green

manure crop in Rotation 7, which vreceded the corn, sigrificantly increased
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the non-capillary pore space but was not as effective as was the alfalfo-
brome in Rotations 1, 2, and &4,

Sugar Beet Root Beds. Porosity determinations were made on the

sugar beet plots in 1947 despite the fact that the beets were not har-
vested. The results of the June 12 sampling (Table 13) from repiication
number one showed a difference in total porosity. However, the differ-
ences were nol consistent with previous crops so it is believed that the
differences represent matural soil variations rather than the effects of
crov rotation., Porosity determinations were made a short time after the
beets were replanted and the results of these determinations indicaie

no differences caused by rotations., The results of the September deter-
minations show a significant difference in total‘porosity. The porosity
was highest on the plot where sugar beets followed alfalfa-brome hay
(Rot, 2)., The differences in total porosiiy between the June 17 and
September 23 sampling dates indicate that the total porosity on these
rlots decreased as the growing season progressed, Such a decrease did
not occur on the plots vhere sugar beets followed alfalfa-brome hay.

The 1948 results are in agreemenf with the 1947 results, More cone
fidence is placed in these results than in the results4for 1947 because
a mach larger number of determinations were made, This resulied in a
better nicture of the conditions which actually existed, The total poro~
ity was highest on the plots where alfalfa-brome hay nreceded the beets,
and significantly the lowest where beels were grown in & cash crop rota-
tion which did not include a nitrogen-adding legume,

| The results of the non-capillery pore space {eterminations are shown

in Table 13. Previous to the first cultivation no difference in noun-capiilary
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pore space existed in the beet soils. The same nhenomenom occurred he-
tween July and September as oceurred for the total porosity determinations,
in that a2 significant decrease in non-capillary rorosity occurred in the
soil on every rotation except where alfalfa nreceded the beets.

The 1948 data, generally speaking, are in agreement with the 1947
data. The soil on the Rotation 6 (cash crop) plots had the smalliest
amount of non-capillary pore space_and thie soil on the vlots where beets
followed alfalfa—brbme contained the m?st. No significant differences
occurred in the results obtained on the soils from Rotations 1, 4, 5, and
7. The soil where beets followed beans contained more non-cariliary nore

snace than did the soil where beets followed corn,
D. Physical Determination on Soil Below Plow Depth

Several investigators have indicated that in order to maintain a
desirable subsoil structure deep rooted legumes must be grown in 2 rota-
tion, They. theorize that the deer rooted crops preduce roots which are
capable of nenetrating the naturaily more dense subsocil, The action of
the roots is manifested in three ways: 1, After the roots die, vertical
channels are left in the soil, thus lmproving drainage and asration: 2, -
The roots and root hairs, ohysically and chenically, act as ageregatiag
agents thus causing better structure; 3., The deen pensirating roots add
mich needed organic matter bto the subsoil, thus poitentially improving its
physical status,

Agerezate analysis (Table 14) and porosity determinations(Table 15)

of subsoil sampies do not substantiate these theories, Fowever, ii may

not he correct to attempt to evaluate the validipy of these thearies on

)

the bagis of the evidence presented because hLhese rotations are anly



Table 14
The Effect of Systems of Farming upon Ageregate Analyrses

of Soil Below Plow Depth = 7 to 10 inches in 1947

Per Cent Coﬁposition

Rotation Crop Particle Size Distribution {(mm) .
Number Sequencel ; less
Corn Plots L 42 21 1-.5 .5-.2 2 25=.1 ol
1 SB-Ra-A-A-C 5.7 8.3 10.8 16.9 22,1 13.0 23.2
6 SB-Ba-Be~W-8 5.2 8,0 10.0 16,4 22,9 154 22,1
Beet_Plots
2 C-Ra-A-~-A-SB 3.4 7.5 7.8 14,6 18.6 21.2 26.9
6 Ba~Be-W-C-SB 2.1 11.3 8.5 15.5 15.2 19,1 28.3
1
SB-gugar heets
Ba~barley
A-alfalfe brome hay
Cmcorn
V-vheat

Be-beans



Table 15 .
The Effect of Systems of Farming Upon Non-Capillary and

Total Porosity of Soil Below Plow Denth 7 to 10 Inches

Rotation Crop
Nurnb er Seq_uences5 Non-Capillary Total
Porosity Porogity

Sugar Beet Plots 8-&—&?1 6-15-—1482 8-LLyy 6L1§-b82

1 Ba-A-A-C-SB 7.0 9.6 45.3 42,2

2 C-BamA-A-SB 6.9 10.3 43,8 §1.5

3 Ba-A-A-Re-SB 7.0 8.7 L. s 42,6

L Ba~0-A-C-SF 7.0 8.8 Lit, 5 Lz L

5 Ba~0-C-0-B 6.5 9.3 4,1 Sl

6 Ba-Be-W-C~SR | 5.8 10,0 44,0 L3 A

7 Ba-(em)-Be-W-(gm)-0-SB 6.2 8.1 4,9 9.2
Sienificance ¥.S. w,s. N,S, W, 3,
Corn Plots 7-31.073 o214 731l Gopiohgh

1 SB~BamA-A-C 6.6 6.4 L2, 4 Lé.b

2 BamA~A~SB=C 6.6 6,9 Lh.5 Le,2

L SR-Ba~0-A-C 8.7 7.3 Ly, 2 L0

5 SB-Ba~0-(1aC 6.8 6.6 Ls.8 L3,

6 SB-RBa-Re-W=C 540 7.6 43,7 43,4

7 SB-Ba~ (gm)=Re-¥=(gm)~C 6,6 6.4 L2.,9 L2
Significance ¥.S. W,S. W, S, W, 8,

L Average of 4 determinations from each replication
Average of 10 determinations from repiication 1 and 2

= Average of 25 determinations from replication 1 and 2
Average of 10 determinations from each repiication

Ba-barley Be~heans
A~alfalfa brome hay Cl=clover timnthy hay
C=corn EMmieToEn mMaNUTE

SB-sugar beets O-nats
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in their second cycle, The data do indicate that if the theories are
valid, it is not possible to improve subsoil structure in 2 few years.

The process mist be included in a long range plan,

E., Penetrometer Studies

Plumb Type Penetrometer, In view of the observations that had been
made in regard to soil struéture, prreliminary investiéations‘with a
s0il penetrometer were started in 1946 with an instrumeant designed by
Stone and Williams (Plate 10). This instrument has an iron plumb
weighing 1500 gms, which is dropped through a hollow tube from a height
of approximately four feet., The inches of soll penetrated by the nlumb
is used a&as an index of the physical status of the soil, The instrument
has one seriéus handicap in that only the surfacevéoil is coﬁsidered.
This penetrometer haz one advantage in that a large number of records
can be made from a given soil area very rapidly, The data in Tablie 16
inﬁicate that this is absolutely necessary, The‘data shown ;n this table
were taken from four replications of the same trqatments and indicate an
average penetration inte the soil of_5.0 inches by the plumb. The Jdata
show & significant difference hetweep replicatioqs in the exveriment as
well as between halves of fhe same plot, This vable is irnciuded %o
iliustrate some of the prohlems encountered in making rhysical measnrements
of the soil particularly where it is not possiblg to take couposive soil
samplzs such as the soil chenist does, The variations are undoubtedly
due to differences that naturally occur in the soil and differences caused

by various itillage implements,

The data from the corn plots (Table 17) show that crop rotatinns did



Table 16
A Sample of Penetrometer Records Showing

Variation Within Plots

(Rotation l1--Sugar Beet Plots —-= 5-3-45)

Inches of Penetration by Penetrometer Plumb

Record Rl . R2 R3 RL
Number E w | B ., W B W E W
1 45 | 4.5 | 4.8 | 5.5 [ 5.0 | bz | 5.0 |3.8
2 5.0 } 4.5 [3.8 5.2 |55 5.2 4.5 |5.8
3 4.8 | 4.5 | 3.5 | 6.0 | 5.5 | 4.8 | 5.5 |5.5
4 2 | 4.5 {45 16,2 | 5.2 160 5.0 7.8
5 4,8 4.2 (4.8 | 6.2 | 5.5 5.5 | 5.0 |6.8
6‘ L.s t&4,0 | 5,0 14,2 (4.2 1 5.2 5.0 |4,2
7 3.8 |6.0 |5 | 6.0 |45 | 5.0 | B2 {5.0
8 5.2 |5.0 |5.2 | 5.2 5.2 |42 |6.5 |5.5
9 L.,s5 | 7.0 |4.2 |5.5 5.2 | 5.0 |5.0 |6,z
10 5.0 5.5 [4.8 | 4.8 4,5 | 6.8 | 7.0 [5.0
Mean 4,73 | 4.85 | 4.51 | 5.00 | 5.03 '5.13 5.30 | 5,48 | 5.0

Rance 1.4 2.0 1.7 [2.0 |13 | 2.6 |2.8 la.o 4,3

R--revlication; Z-east one-half of plot; W--west one-half of nlot,
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Springe Tvpe_ Penetrometer. By 1948, it was evident that the type of
venetrometer being used was not supplying data which indicated anything
except that there were differences in the soil in the corn plots.
Differences in soil structure could be seen'that were greater than the
records indicated. In an effort to record such differences, a new type
of penetrometer was designed (44), This instrumént, shown in Plate 9,
makes possible an examination of soil compaction to a depth of 1Z inches,

The instrument was designed to meet the following regquirements:

(1) compact--so that it might be transported in an automobile; (2) light-
weight--for one man operation; (3) ranrid performance--a large number of
readings in a short{ time; (4) versatile--useful under many soil conditions;
(5) inexpensive to construct and maintain; (6) functional--indicate soil
conditions to a dernth of 12 inches,

The curves shown in Figure 1 prove thét the instrument is sensitive
and canable of measuring differences in the physical status of soil, The
data from which these curves were construcfed were from the tillage plots
on. the college farm at corn planting time. The curves show clearly that
differences in soil compaction occurred as a result of the different
tillage methods, both as to comrpaction at the surface and at greater depths,

With such extreme variations in the physical status of a soil one
wonders if various tillage methods might mask the effects of systems of
farming to such an extent that crop rotations could be considered only
of minor importance.

Corn Plots., The 1949 penetrometer records from three of the rotations
are shown in Figure 2, The soil conditions on all of the rotations nro-

duced the same type of nenetrometer curve, The soil, to a denth of three



COLLEGE TILLAGE PLOTS 1949
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Figure 1
Penetrometer Records from Jollege Tillaze Plots at

Corn Planting Time
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inches, was more compact than the soil below that denth, The only curve
which indicated a significant difference bhetween rotations was made on
July 20, At that time, the soil where cash cropping had beén practiced,
offered more resistance to the probe than did the soil on the Rotation 2
plots. In 1950 (Pigure 3) the surfacé soil in Rotation 6 to a depth of
anproximately two inches offered more resistance to a probe than did the
surface soil in any of the other rotations, This difference did not mani-
fest itself until late in the growing season as is shown in (Figure 4).

Sugar Beebt Plots, The soil on the best plots was similar to that

on the corn plots in that early in the growing season, rotations did not
influence the type of curve drawn by the penetrometer, However, the
records which were made in October showed that the soil where alfalfa had
preceded beets (Rot., 2) offered much less resistance than where corn had
preceded the beets (Rot, 1, 4, 5, 6, 7). This occurred both in 1949 and

1950 (Figures 5, 6, 7).

Barley Plots. The data from the barley plots (Figures 8, 9) show

that extreme caution should be used in interpreting penetrometer records.
The barley in Rotation 6 had no seedings and in Rotation 1 alfalfa-brome
was seeded in the barley., The rapidly growing seedings in Rotation 1
apparently reduced the surface soil moisture in this rotation to such an
extent that the difference between rotations was reflected in the type of
penetrometer curves obtained, It required more nressure to force the »nrobe
into the soil on the plots which contained alfalfa. It may also have

been true that the alfalfa seedling roots increased the pressure which

was required to force the probe into the soil,
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P, Percolation Studies

Percolation studies were made during the winter of 1948-1949 on soil
which was to be planted to corn and to sugar beets in 1949,

The data (Table 18) reveal that a great difference existed in the
percolation rate of soils on the rotation plots, The results obtained
on the soils taken from the sugar beet plots showed that where alfalfa-
brome had been grown the least time was required for the water to verco-
late through the soil. The so0il from the clover-timothy and the green
manure rotation plots came next in time reguirement and the soil from
the non~legume plots retained the water the longest. The same relation-
shin was expressed.by the beet yields in those years that the highest
vields were obtained,

The data for corn show the same general relationship in that the
highest yields and fastest percolation rates were obtained on the same
soil, The lowest yield and percolation rate occurred on the soil from
the cash crop plots,

The data reveal a strong relationship between vercolation rate and
crop yields. Further investigations in this direction seem desirable
from the standpoint of a single, simple and rapid test which measures
soil structure., It is felt that this procedure indirectly measures soil
aggregzate stability to water, This point is most important in regard to
the structure of surface soils because it is possible to fit a reasonably
good seed and ront bed with conventional implements. The surface soil
structure problem (crusting) invarisbly arises after the cror has been

nlanted and after several rains have occurred,



Table 18 -
The Effect of Systems of Farming Upon Percolation

Rates of Soils to be Planted to Sugar Beets and

Corn in 1949
: Time in seconds required to collect 100cc
Rotation Crop 2 ' of water
Number Sequence , Sugar Beet Plots™ Corn Plots+
1 - Ba~A-A-C-SB 335 285
2 Ba~A~A..SB-C 360 260
3 Bom~A-A-Be-SB 295
4 BAmDuwAml=SB 320 325
5 Ba.0-01-C-SB 430 335
6 Ba-Be-W-C~SB 660 540
7 Ba-.(gm)-Be-¥- 510 380
(gm)~C~SB
1 -
Averages of determinations made from samples taken from replication
1 and 2.
2 Ba~barley A
A-zlfalfa brome hay
Cmcorn
SB-sugar beets
Re~beans
O-oatse
Cl—=clover timothy hay
W-wheat

gm-leguminious green manure mixture
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This hypothesis is illustrated in Plates 7 and 8, A virgin soil
has no crust on the surface of the soil, A cultivated soil usually
crusts during the growing season, It is thought that the thickness of

the crust is closely related to the water stability of the soil aggregates,



X. DISCUSSION

The ability of the soil to produce crops is dependent not only on
the proper supply and balance of nutrients, but also upon such air and
water relations as will make possible the most efficient use of avail-
able nutrients by the plants. In this study, it was found that corn and
sugar beet yields were somewhat dependent upon the proportion of time
during the rotation in which the land was devoted to the growth of nitrogen
adding legumes. Subsequently it was found that different rotations caused
different soil conditions to exist and that it was possible to measure
differences in soil conditions by several precedures, The relationship
of seil conditions to available nitrogen suprply and its ultimate effect
on crov yields is vague until one reviews the work of Doiarenko (3),

He found that nitrate formation in the soil varied directly with the rer
cent non-capillary porosity. More specificelly, 2.7, 2L.5, 35.1 and 38,7
per cent non-capillary porosity resulted in the formation of 2.0, 19.1,
34,0, and 45,8 milligrams respectively of nitrogen as nitrate nitrogen,

Observations, made after plowed plots had dried and had been
rewetted showed that the various systems of farming influenced the
gtability of the soil agegregates. The all-cash-crop rotation caused the
s0il aggregates to be relatively unstable whereas the inclusion of a
leguminous green manure in a rotation materially increased aggregate
stability. It is thought that af plowing time the stability of the aggre-
gates at the surface of the soil is related to the natural size of the

aggregates. In other words, small aggregates have a greater surface






two soil layers.

No consistent differences were observed in the effects of one versus
two years of alfalfa-brome hay upon crop yields and soil structure., The
ten year averages in corn yields were within a bushel of each other,

The 1947 aggregate analyses of the soil on the corn plots showed the

most stable aggregates to exist on the plots where corn foliowed one

year of alfalfa-brome hay, This, however, did not occur again in 1948.-
During that year the physical determinations failed to rejeal a difference
in the results obtained where alfalfa~brome had been grown one &s CON
pared to two years, The data obtained where dover timothy hay was grown
were not unlike those obtained on the soil which had produced alfalfa-
trome hay.

The ten year averages of the corn yields where corn was vnreceded by
one yvear of alfalfa-brome hay and by one year of clover-timothy hay
clearly indicate the more desirable effect of alfalfa-brome upon corn
yvields.

The cash crop rotation (Rot ., 6), which had no nitrogen supplying
legume crovn, consistently produced the lowest corn yields. I% was on these
plots that the soil was in the least desirable vhysical condition,

The inclusion of green manure crops in a cash crop rotation (Rot .- 7)
resulted in greater yields of all the crops in the rotation, ‘Aggregate
analyses, penetrometer studies, porosity determinations, and percolation‘
studies have all indicated that the soils where the leguminous green
manure crops were grown were in a better physical condition than were
those where they were omitted.

The results of the studies on the sugar beet rlots are in agreement



Qithkéhé(fé;ﬁiééhbbtainéd from the corn nlots. In Rotaticn 2, sugar beets
follgwe&'£WO“years of alfalfa~brome hay. All of the analyses indicated
that the soil in this rotation had a more desirable vhysical condition,
ihgrégérd-to ?orosity and aggregation than did any of the others, The
jiélds from this rotation however have not always been the highest.
ﬁﬁdoubtedly; black root disease nartially accounts for this because the
numﬁér of marketable beets produced in this system of farming was lowest
in six out of the nine years record. Stand counts made during the growing
season‘suggest a direct relationship to number of marketeble heets, No
difference has ever been observed on the effect of systems of farming
unon number of diseased beets, However, it has been observed that where
beets followed alfalfa, recovery from this disease was mch slower and not
as complete as where beets followed some other crop.

Apparently there is some factor other than black root which retards
the growth of beets when they are grown after alfalfa-brome hay, Since
the yields were so variable from one year to the next it wduld seem that
weather conditions influence the rapidity and extent of the decomposition
nf the alfalfa-brome grass plants, Further investigation.on this subject
is necessary,

At the end of the growing season the soil in this rotation was in a
better nhysical condition than the soil in any of the oether rotations,
Regardless of the better soil conditions farmers do not. like to grow sugar
bheets after alfalfa because they have experienced the same varishle yield
results and usnally blame it on black root,

' The resnults from the vhysical determinations on the sugar beet soils

in the other rotations where legumes were included, failed teo indicate
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rotation differences., They were, however, different from the results ob-
tained on the soils in the non-legume rotation (Rot. 6). The results
obtained from physical measurements on Rotation 6 soils were markedly
different from those obtained on soils where legumes had been grown. Also
plot yields were always low in Rotation 6, This indicates a correlation
between yields and the soils physical conditions. The results of the
determination made on the barley plots show that the sod crops were
responsible for the differences in the physical characteristic of the
soil, Barley was the third crop after the sod, By that time it was
impossible to detect soil differences by any of the physical measurements.

It was found that it is extremely difficult to measure the siructure
of the soil on épxerimental plots. The area where these plots were
located was selected because the soil was believed to be uniform. It was
found, however, that the soil varied greatly, even within very short dis-
tances., Variables in the natural physical composition of the soil, differ-
ences caused by the placement of tile under the plots, and the resulting
variations in moisture conditions at the time the soil was worked, soil
compaction caused by tractors, trucks, manure spreaders, etc,, and by
various tillage implements, are all factors which contribute to the
heterogeneous structure existing within the soil body. In asddition, the
soil is a very dynamic body in that changes in its physical status are
occurring at all times. If the changes always occurred at the same rate
and in the same direction, it would be much easier to develop methods
which reliably indicate the solls physical status.

Because variations in soil do exist in most fields, one sometimes



wonders about the validity of sumpling technignues where less than one ner
~cent of the total area is used for ihe physical determinations, esveciaily
for those nrocedures whick involve the so0il in the undisturhed staiz. A
one rer cent sampiing on these plots woauld regnire 907 penetromster
records or 100 core samples. These are unreasonable numbers Lo work witl.,
It was found that the data could be duplicated much easier in the nro-
cedures which made use of composited soil sampies than in those procedures
which utilizeld core samples,

Since it was believed that compositel samples were easier itodhtain
and would more mnearly refiect the average conditions within a pleot, the
first prerequisite for a suitable "quick test" which would indicate ihe
physical statas of a field would utilize composited soil samples. The
second requirement for this test would be that it measured the stability
of the soil under water. The reason for tiis is based‘on.bhservations
which indicéte that both driving rain and standing water destroy the
- caturally ocourring aggregabes. Several ideas which involved screeﬁing
or slump tests were triéd before attemnting the percolation test which is
an adaptation of the old procedure nsed to demonstirate percolation vates,
A dirfrerent intermretation however was placed on the results in that it
was felt that the test actually measured the stability of the aggre-sates
t~ water and that percolation rate is regulated by the "ultimate" state
af the snil marticles after they have been suhjected to standing watler
for a definite length of time, The vesults of this test on soil samples
taken from the e.perimental plots were ip agreement with the resulis of
accented methods of determining snil structnre, However, furthec invesii-

gation shonld be made bhefore using it on soils Irom other locations,



The highest crop yields were nroduced where a sod crop had bheen

rlowed under immediately previous to the row crop,

O



XI. SUMMARY

Some effects of seven systems of farming upon.sugar beet and corn
vields and on the physical status of soils were studied.

The systems of farming caused no consistent difference in sugar
beet yields from one year to the next., The yields from some systens
viere frequently not as high as they might have been because often a
low nitrogen level limited growth, Also,lblack root-~a sugar beet
digease~~Was prevalent during several seasong. This disease seemed to
manifest itself equally in the seven systems of farming, However, where
teets followed alfalfa-brome hay, recovery from tne disease did not
anpear to occur as rapidly or to the same &egree as in the other systems
of farming,

Sugar heets after beans resulted in the highest yields for the ten
vear veriod, The lowest yields occurred in a cash crop rotation which
did not include a nitrogen supplying ]egumé Cromy,

Physical analysis of the sugar beet seed heds showed 1itt1e‘or,no
difference in s0il conditions. Eowever, differences in the root hed
developed later in the season. The cash crop rotation, which did not in-
clude a nitrogen~-adding legume crop, was in the poorest physical étate
28 was indicated by aggregate anzlyses, total and non-~caniliary pore-spacs
analyses, penetrometer records, and percolation studies,

.The highest corn yields ococurred where corn was preceded by a leg-
wminons hay crop., One year of alfalfa-brome in a crop rotation had the

e 3 + o) 1 ] - - 3
same effect om corn yields as did two years of this hay in the rotatisn,



Clover-timothy in a rotation instead of alfalfa~brome resnited in 10
ver cent smaller yields., The placing of a sugar beet crop hetween an
alfalfa~brome hay crop and the corn crop alse caused a 10 ver cent
reduction in corn yields,

The lowest corn yields were obtained in a cash crop rotatinn which
did not include & nitrogen adding lezume,

Dry screen analyses of seed beds indicated there was little differ-
ence in éhe physical status of the soil at nlanting time,

The results of the aggregate analyses of the corn soil showed that
the sod crop in the rotation was responsible for the differences in total
as well as water stable ageregates,

The systems of farming did not affect the structure of the soil below
vlow depth sufficiently to cause measuravle differences,

Porosity determinations, hoth toial and non=capillary, indicated that
systems of farming did affect the structure of the soil, The highest
nercentares were obtained on the plots where sod crops were included in
the rotations., The lowest norosities were obtained from the cash crop
rotations.

Penetrometer records indicated that various systems of farming caused
ereat differences in the structure of the soil and that it was possible to
mezsure these differences with a penetrometer. A new type of recording
nenetrometer was developed as a tool for rapld measurements and oroved to
be successful,

A simple rapid soil test which is based on the stability of soil

ag?regates to water was devised,



Plate 1.

The effect, of crop rotations on soil conditions ijanePia'ely
after olowing for corn, 1. Three year old alfal fa—brone
sod 2. Sugar beet ground Two y~ar old alfa fa-brope

sod 5, Two year olrl clover-timothy sod 6. Wheat «xiofuid
7, Wheat and green manure ground *



Plate 2.

Plate 3.

Crop sequence affects plow behavior. A
narrower and shallower furrow is cut at
plowing time on the plots in the cash
crop rotation, Wheat sttibble is plowed
under for corn in this rotation.

An illustration of the "distinct ribbons"
which are formed when an alfalfa-brome sod

is plowed, and the "indistinct ribbons" of

the clover-timothy and the cash crop rotations.
Front to .Rear -

Rot.
Rot.
Rot,
Rot.
Rot.
Rot.
Rot.

2 — 2 yearalfalfa-bronehay

5 — 1 yearclover-timothy hay
A — 1 yearalfa]fa-bromehay

6 — Wheat stubble

3 — 2 yearalfalfa-brom ehay

7 — Wheat stubble and green manure
1 — 2 year alfalfa-brome hay



Plate A.

Manure spreader tracks where clover
timothy sod had been plowed under for
corn, Tracks have never been noticed
where alfalfa-brome sod has been plowed

under for corn.



plate 5% The effect of soil conditions upon the standing ability
of com grown in alivestock system of farming (Rot. 5)
and in a cash cropsystem of farming (Rot. 6). Many
roots of the corn plants grown in this rotations were
rotting in 197« The roots of the corn plants grown
on either side of this plot and in a livestock system
of farming showed little evidence of root decomposition.



Plate 6,

The effect of two crop rotations upon soil conditions
at the end of the growing season. The surface soil
in rotation 5 (clover-timothy rotation) showed clear
evidence of the clods which had formed at the time of
the last cultivation. The soil in the cash crop
rotation gave little evidence that the soil had ever
been cultivated. In 19A?, the surface of the soil

in this rotation had an appearance similar to a
recently rolled clay tennis court.






Plate
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A -portion of a soil profi Le (? "by 16 inches) showing the

structure of a virgin soil.

0 to 2inches - granules less tlian 1./8 inch diameter.

2 to linches -granules less than 1/A inch diameter.

3 to 3.5 inches - dense granules wbidihave a tendency
t<> show a piatv type of structure.

35 to 5 inches - graduation from the above to a hioc-Vy
structn.re»

5 to 16 inches - blocky structure.

I'Tote - no crust formation on the surface of tPe snji
(compare with Plate 7)



Plate Soil penetrometer developed to measure relative

soil conditions™*

soil and a curve is
I'equired to force the probe to

A probe is slowly forced into the

drawn which indicates the pounds

of pressure a giver

soli depth.
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