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INTRODUCTION

The prcduction of grass in pastures of sloping terrain is usually
limited by the lack of soil moisture. Soil moisture deficiencies arg
oftem encountered even when adequate precipitation is received during the
pPasture growing saason. Moisture which would otherwise be iavailable for
Plant growth is lost due to a high degree of surface runoff. Surface
runoff is that portion of the precipitation thst makas its way toward
stream chammels, lakes, or ocsans as surfaca flow.

furface runoff will cccur vham the pracipitation bas satisfied the
demands of evaporation, interceptiom, infiltration, surface storage,
surface detenticn, amd channel detemtion. A negligible quantity of
precipitation is intercepted by grass. This amount is evem further
reduced vhen pastures are being grased.

Whem the rate of precipitation exceeds the rate in which water
infiltrates into the soil, surfaca depressions ara filled snd overland
flow begins. The time required for surface runoff to begin is depemdimt
upon the intensity and duration of rainfall, slope of the land, type of
soil snd amount of grass covax. Resulting runoff is in equilibrimm with
the rate of precipitation less infiltration. Before equilibriwm is
Tteached a hydraulic head builds up on the surface which semtains the
volume of water that is in surface datention. A similar build-up of
head takes place as tha flow moves into defined channels. The volume of
water in surface emd channel detention is returned to rumoff as the
runoff rate subeides.

Pastures om sloping land are susceptible to high Tunoff rates.



This is due in part to the fact that grazing lessens surface detention,
Vhen slopes are covered vwith thick stands of gruss, a rather large volume
of precipitation will be in surface dctcnt/‘fon. Reduction of grass height
and stand by grazing results in releasing detention water to nmoff. When
surface detention is reduced, a larger portion of the total precipitation
is lost in runoff. This in turn decreases the total volume of water that
ordinarily infiltrates into the soil. It is only logical that soil
moisture deficiencies caused by high runoff rates will result in reduced
Aarass production. Reduction of forage yields commonly takes place in

the form of: thinning of stand, decreased height and vigor, retarded
root development snd the replacement with less desirable specisa of

grass and weeds.

Numerous conservation practices have been used sa pastures and
range land in an effort to reduce runoff, conserve moisture, improve
plaiat cover and {ncrease forage yields. Pasture management with respect
to proper stocking rate is of paremount importance. The amount of cover
left during and after grasing has a tremendous influence on the physical
condition of the soil. If pastures are kept closely grased, the uppeaxr
soil layers becoms compacted reducing the porosity of the soil. Close
grasing also allows the natural dedris to be broken and dispersed
leaving little vegetative cover to dampen the destructive forces of
raindrops and prevent surface sealing. Under these coanditions most of
the water is lost in runoff and little is retaimed for plant growth.

Various mechanical treatments have been used on pastures and
ringe land as a meaans of reducing runoff amd steriss water in order tao

provide additional moisturs for growth of grasses. Pasture renovationm,



subsoiling, pitting and furrowing are operations that hava been per-
formed with varying degrees of succass. In arid and semiarid ragiouns,
renovation of pasturad is of little value because of the low annusl
rainfell. 8$oil moisture is usually at such a low level that exposurs
of the top layer of soil would allow much of the remaining maisture to
avaporate leaving little for revagetation. Subsoiling does not gresatly
disturb the surface and is generally performed in an effort to brask up
an impervious layar and allow watsr to percolats into the soil. The
subsoiler is often used when pasture growth is affected by water-
logging or by restriction of root growth csused by the presence of soma
form of pan or impaimasble barrier.

Contour furroving and pitting of hill pastures has been an
accepted conservation practice. The prinmciple purpose of both contour
furzuving and range pitting is to intercept anid hold ztunoff water. By
providing storage cepacity on the surface, infiltration is encouraged
and runoff ie reduced. The banefits odtained as a result of thase two
conservation practices are interrelated. The storage of pracipitation
at the point of contact with the surface, providas a certain amount of
protaction from srcsion of lover cultivated land. By retaining water on
the pasture, mater 19 mada availadble for the growth of grasses. The
increased growth of grass will than provide moras forage, greater pro-
tection for the soil, improved soil structurs and increased surface
detention,

Pitting of pasture or range land is done with an eccentric disk.
An implement commonly used is a large 18-inch, one-wsy disk plow with

alternate diska 20 inches in dismster and spunted 2 inches off center.



This implement scoops out shallow discontinuous pits about 16 inches
apart. Water storage capacity of roughly 1,000 cubic feet per acre can
be proved by using ths pitting operation. Range pitting does not need
to be done exactly oa contour. Since the pits are small and distributed
uniformly, there is little danger of increasing the erosion hazzard.

Contour furrows provide slightly grsater runoff control than do
range pits. Purrow size and spacing can ba adjusted providing adapta-
bility in dasigning for control of runoff. Purrows are constructed 80
they are leval and have closed ends. The storage potential largely
depands upon the land slope, furrow gpacing and the sisze of the furrow.
8od or braaker-bottom moldboard plovs are frequently used in the con-
struction of large contour furrows. Gmaller furrows spaced closer
together sre found to be the most effective in controlling runoff and
increasing forage production. The smsll type furrow can be constructed
vith a field cultivator, lister or toclbar implement equipped with small
shovels.

Fumerous implements have been modified and furrow openers hamd-
built in an effort to produce a desirable contour furrow. A large
majority of these implemasts have thq undesirable feature of con-
structing & vertical-walled furrow. This furrow is susceptible to
sleughing, which is a breaking dowe of the furrow profile. The sod
removed in the construction of this type of furrow is usually destroyed
and spresd ovexr the grass between the furzrows. This is undesiradle in
that soil is ampesed, promoting weed growth and presenting am uasightly

appearemss. Grass seed is often placed in the opas furrow; even thmm



considerable time is required for the disturbed area to be re-established
in grass.

Pasturd contour furrows have been constructed on hundreds of
acres in Scuth Dakota. Recently gn increasing interest shown in this
conservation practice has stimulated a need for pasture furrowving re-
search. The immsdiate objective of the research represented in this
thesis is to design and develop a pasture furrowing machine which will

construct a smooth, continuous furrow without destroying the sod.



WORK OF OTHER INVESTIGATORS
The Practice of Contour Furrowing

During and immediately following the drought of the '"thirties”,
pastures and range land of the Northern Great Plains ware almost com-
pletely barren. Contour furrows were plowed on thousends of acres in
an gffort to reduce runoff and hold precipitation on the land. By so
doing the revegetation of unproductive land was greatly cccelerated.
Since thsm research findings have aided in the more intelligent design,
layout aand construction of contour furrows.

The early coastruction of comtour furrows was accomplished pri-
merily with the moldboarxrd plow. Since the bresker-bottom plow was used
extensively during this period, it was, therefore, the most logical and
conveniaamt implement for contour furrow construction. A road plow was
used to camstruct furrows in Kansas in 1934 (8) .* This furrow was
quite large making it mecessary to usa spacings between 16 to 20 feest.
Since small furrows spaced close together are more beneficial than the
larger furrow on vide spaaings, a oagd was crested for nevw furroviag

implements.
Benefits of Contour Purrows

Sefore 1935 very little research had dbeam conducted which wemld
axper imentally substantiate the effectiveness of somtour furrowing.

*Numbers in parenthesis refer to appended refereaces.



In 1938, McReal (9) made a field @urvay of some forty farms in five
Missouri countieg where contour furrows had besm constructed. Estimates
were made of the percentage runoff after contouring. Assuming a 30 per
cent runoff before contouring, McNeal found that runoff after contour
furrows wvere constructed varied from gero to 23 per cent. The averaga
being 6.05 per cent. Based on the reliability of estimates, the find-
ings reprasented a savings of about 24 per ceat of tha total rainfall.

MclNeal also found that many miathods of construction ware tried
using moldboard plows. Some of the mathods used were as follows: Two
furrows down, two up and two down, one up and one down, two down amd one
up, three down and thres up and ons 18-inch furrow down with a 12-inch
plow folloving in the same furrow also throwing down hill. All of ths
contour furrows obaserved vere quite large, and considerable sod was
destroyed in their comstruction. Blocking or dasming of these large
furrows incressed their effectiveness. Thus, water is prevented from
concentrating at low places aloang the furrow, reducing the chance of
overtopping and maintaining even distribution.

In hia survey, McHReal found that the average water holding
capacity of ceatour furrows was 0.65 cubic feet per foot of length.
The average spacing wms 22.5 feet. Increased grass production wvas
okserved primsrily near the furrows. Many farmers intervieved expressed
the oplaion that closer spacing would be much more effective in pre-
veating rumoff.

Coatour furrvwing is an affective mesans of iacreasiag the pro-

dustivity of ovexrgrased pastures and ramge lead. Logea (8) reperts



that experimental plots in Kansas showed that contour furrows increased
the forage growth 29 per camt in 1935. Barnes (4) stated that the
asnunt of grass left at the amd of ths grazimg season on contour-
furrowed pastures wvas 52 per caat over unfurroved pastures. This
research conducted in Wyoming indicates that furrowed pastures pro-
vided 22 per cent more sheep days of grazing. In mauny instances,
increased growth of grass and water retention as a result of furroving
eliminates the need for gully-comtrol structures.

Work done at the Texas Agricultural Experiment Station also
corroborates the value of contour furrowving as & conservation practice.
Purvows three inches deep and spaced 39 inches apart vere constructed
with a lister. Lamgley and Fisher (6) ststad that yields of grass were
incressed as much as 3.9 times. They also reported that the grass
cover riamiined green longer durimg periods of deficient rainfall. In-
cresses in available soil moisture aid in the development of a greater
root volume and root psmetration. Langley and FPisher noted that fur-
roved pastures showed a marked decrease in veeds and barrem spots. As a
result of coantour furroving, desirsble species of grass were re-estab-
lished.

In hilly country, contour furrows can bde used to aid in the
coatrol of erosion of cultivated land. Runoff water from higher
pasture land oftam floods and badly erodes fields of lower lying areas.
By retaining this rumoff water on the higher pastures, destructive
erosion cam be greatly reduced. Powell (10) steted that pasture furrows
for this purpose were successfully used in New South Wales. These



furrows were constructed with a single-bottom plov and spaced at 20 Lo
30 feet. HRe reportad that ema record stors of 0.80 inches in tem
ainutes wms effestively baid.

The Soil Cosservation Service is comnducting research on rainfasll
sad runoff from nstive grase sreas. This work which wes initiated in
1939 is still in progress at the Centrel Great Plsins Experimental
Watershed in Nedraska. Rydsological data obtsined from these experi-
maitts have deen helpful in the design and utilisstion of numerous ean~
sexvatioa practices.

During 1940 through 1945 research wms uadertskea at the sdove
osmed station to messure the effects of ccatewr furrows on runoff for
both heavily aad lightly gresed pastures (1). The total annual sumoff
from this expevimental pasture arss is showm im Table 1. Results
indicate that for the six yesr psziod, the total runoff was reduced
50 per ecent by reducing grasing snd 90 per ecamt by coatour fwxrows.
The total runoff from lightly grased, furrowed pastures was ealy 1/3 of
1 per cent of tbe rainfall. Tadle II shows the efimsts of grass cover
and contour furrows on the peak rumnoff rate.

Sample results oo 80il moisture distridetion on furrowad and
unfurrowed pastures revasled that closer spacing would be desirsble.
Tindings obtained at the Central CGreat Plains Experimentel Wetershed
iadicate that furrows should cot be pleced more than 12 feet apert for
goed distridbutioa of soil wuistwre. The proper spaciag will, however,
depend upoa the land slepe, type #f seil, and the sisa of the furrow,



TABLE I. TOTIAL ANNUAL RUNOY? FROM PASTURE PLOTS

Treat ¢ ‘:ov;; rl‘foul Runoff (in inches)

6 Yr.

| 1940 1941 1942 1943 1944 1945 Ave.

h (M) n.l"tl’ .m“ 609 0068 1.36 1.62 1.” 1-72 1.3‘ 1.35
Noae (check) *‘-htly grased 6.8 0.75 1.20 0.55 0.89 0.32 0.34 0.68
Furrowed® Hesvily graszed 6.8 0.03 0.10 0.20 0.09 0.27 0.20 0.15
Furrowed®* Lightly grazed 7.0 0.14 0.10 0.03 0.05 0.06 0.06 0.07

Annual rainfall at station e 13.0 26.3 31.8 16.2 29.7 22.6 23.2

e e — .

% Data sre from two plots, one of which had contour furrows horiszontally
spasced at 10' to 12' intervals, and the other 16’ to 18'. The furrows
vere 4" deesp and 6" wide.

o1



i1

‘SpIA 9 puw deep .y e8A
sao1In3 eql °,@1 O3 ,91 MYI0 SYI PpoE ‘STRAINIUT ,TT 03 01 I¥ peownde
£1793008720y SAOC2INg INOUCO PR YOJGA JO Suo ‘83014 onl Woay B2 WINg @

€T 9'TT L°62 TN 8°1€E €°9T o0°¢t - WOTIEIE 39 [YFUEL (nuLy
10°0 €1°0 £€0°0 11°0 €00 %0°0 €0°0 0°L peseas L1348y Puacainyg
o1°o 91°0  %T1°0 11°0 0°0 90°0 €0°0 8°9 pezeal LyjAveH gpmaarimg
Lo 19°0 62°0 $s°1 LT°0 10°1 19°0 89 poseas L13ySy1 (o) wmoy
10°1 g€ 1 S6°0 €Y°1 89°0 Tt 1$°0 6°9 pase3s L1108 (yoeyR) suoj
Y Se6T  YHET  CYET  THET  TYET  OMET 3

I.-.HIP - I-Iaa Iy ly

(*3q 38d sequy) Fjoumy jo e93IVY YEOJ “say

SI074 TEAISVd HOYd LIONNE 40 SIIVE IVEd TVIMNV FONIIW “II T4V



Pasture Furrowing Machinery

Pasture contour furrows may be constructed vith various imple-
aents commonly found on the farm. The moldboard plow is quite suitable
becsuse of its sturdy construction and ability to withstand large
forems. Still frequemtly masd to construct contour furrows, this im-
plement is desirable in that it will operate satisfactorily under
varied soil conditioms. Littls difficulty is emcountered in obtaining
desired depth control and penetration.

The furrow profile depeads upca the depth of opsration and
moldboard sizas. Sod is generally inverted and thrown in the down hill
direstion forming a leves or ridge. This provides larga storxegs
capacity since both the furrow and the furrow slice are used to retain
wvater. Wide spaciags are ordinarily used decsuse of the large storage
capacity and width of the furrow.

Sama undesirable features of contour furrows constructed with a
moldboard plow are:

1. Considerable sod is destroyed and established grass killed

by the inverted furrow slice.

2. RExposed seil is vulnerabls to wind erosion, wvashing and wead

growth,

3. Regrowth of grass over the furrowed area usually requires a

leng pericd of time.

&, The ridge formed by inveeted sod is oftaa bdroken amd not

uniform in height:

S Trawal scross furtreowed arems 1s very difficult beciiuse of

the high ridges amd deep depressiems.
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6. Wide spacing, associated with this type of contour furrow,

does not provide even distribution of soil moistura.

In order to overcome somé of the objsstionable aspects msutioned
above, numercus othar implements have besn employed. Ong such imple-
mgmt is @ chisel plow, which according to Lindsay (7) could actually
replace the moldboard plow for water-retention work. The lister and
middleduster are also adaptable for pssture furrow comstruction.

Contour listing of native grass pastures was successfully carried out
in Texas (6). In addition to thase implements, field cultivators and
toolbars equipped with small shovals or furrow openers are quite suit-
able. Generally the equipment which the operator has available will ba
used.

These implemasts have the decided adventage over the moldboard
plov in that their powsr requirammats are less. The furrows are small
and thaxrefore maks it essier to travel across treated aress. Since
smpll furrows ars spaced closer together than the larger furrows, re-
tained water is more uniformly distributad. Regrowth of grass within
the smaller furrow takes place in a relatively shert tima.

The small type furrows may range in sise from 3 to 8 inches in
width and from 3 to 6 inches in depth. As with the larger furrows,
spacings are determined by tha amount of rumoff to be interceptad.
Water is held in the furrow without the aid of a ridge below the furrow.
fod removed from the furrow 1is not wsad to form a ridga but is scattered
and disposad of on the grass adbove aad delow the furrve, PFigure 1 shows
the small type furrow being comstructad with a tool bdar implemsnt.

Figure 2 shows the saame furrows three months later. Bote the bdrokem

el SCUTH
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Figure 1. Small Type of Contour Furrows Being
Coastructed with Tool Bar Equipmsnt
ia June 1948

Figure 2. Sems Contour Furrows as Shown in
Pigure 1, Three Huuths After
Censtruction
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pieces of sod between the furrows. This is undesirable in that the
pasture surface is left rough and unsightly. A packer or harrow is
frequaatly employed to break-up the waated sod pieces.

Sloughing and silting-in takes place more readily when small
contour furrows are used. This naturally causes the furrows to lose
their effectiveness. As soon as the old furrows no longer retain
sufficient water, they must be reconstructed or new furrows constructed
betwoes the old onas. The expected life of the small type furrowe
varies considerable, depemding upon the grasing intensity, type of soil,
and othec related conditions.

$mall typm furrows on heavily grazed pastures are quite prone
to sloughing. The straight furrow walls are loosely held to the surface
layer by poorly developed root structure. Treading livestock and the
forces imposed by alternately wetting and drying break off pieces of
sod which fall into ths furrow. Sloughing results in raduced furrow
depth and incressed furrow width.

8ilting-in of contour furrows is primarily responsible for their
becoming ineffective. Poor grass cover due to overgrazing greatly
eabances this process. PFine fractions of soil are eroded by rain
droplets and wvashed into the furrow. The presence of sod fragmsnts,
ramoved from the furrows during thair construction, also provides
additional material vhich may be carried by wmter back into the furrow.
It would therefore be desirable if coatour furrows vere ecastructed

wvithout destroying any of the protective sod mamtle.'

One of the first machines designed to construct a costour

furrow without destroying the removed sod is described by Logan (8).
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This machine, built by two Soil Conservation Service engineers, proved
quite satisfactory. The machine frame was made out of a two-bottom
tractor plow. Thié main axle was cut and relocated in such &8 way as to
place the wheels on an evan plane. In order to fasten a U-shaped
knife to the plov, the rear beam was cut off and moved forwvard. Curved
rods attached to the knife lifted ths sod and delivered it right side
up on the lower =ide of the furrow. The finished furrow cross-section
is showm in Pigure 3.

Bonding betwasn the sod strip and ground beneath was accomplished
by using & small grader blade to remove grass vhere the strip was to be
placed. 1In this way roots could essily re-enter the soil balow. Uni-
formity on levee height and good sealing of the sod strip provided
proteetion against overtopping and saepage.

Furrows constructed with this machine had large storage capaci-
ties; however, crossing with vehicles was sxtremely difficult bacause
of the high ridge and deep rectangular daprassion. BEven though the re-
moved sod was ncst destroyed, these furrows had vertical walls and con-
siderable exzposad subsoil.

In 1937 an experimental machine was built which would construct
a ridged contour furrow lsaving very little soil exposed. According to
Collins and Bloom (5), right and laft furrow slices were cut and 1ifted
but net broken away at the outer edges. The slice on one side was cut
eight inches desp and the adjacemt slice cut four inches deep. Immad-
iately following and beneath tha four imch slice, an attached plow
bottom cut four imnches desper amd threv soil under the eight imch slice.
Sod slices ware held up with steel slats while soil was bainx moved to



/—sod strip

rass from '
graded surface

Figure 3. Cross-Section of Contour Furrow Showing
Sod Strip Removed and Placed on the
Lower Side of the Furrow.

KIX7EE

Figure 4. Cross-Sectional Diagram
Illustrating the Work of the
Contour Furrowing Machine
Described by Collins
and Bloom.
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the lover side of the furrow. The transferred soil supported the eight
inch slice at an angl® and allowed the four inch slice to fall into
position three inches lower than its original position. Consecutive
phases of this furrow construction are shown in FPigure 4.

Good coatact between the sod slices and the underlying soil wes
accomplished by pulling a heavy roller behind the furrowing maching.
This roller also aided in maintaining a ridgs at a unifora height. The
effective height of the finished furrow was about six inches, the ridge
being approximately nine inches above the furrow bottom. Because of
the high ridge this furrow had large storage potential.

An objecticnable feature of this furrowing implament was that
furrows could be comstructed only in one direction in order to maintsin
the ridge below the furrow. Considerable loss of time and increased
costs was encountered because of the necessity of return trips.

In & concerted effort to eliminate many undesirable aspects of
contour furrows and furrowing mschinery, McNeal (9) made a survey of
several Missouri counties. His amalysis of the trends and needs of this
conservation practice resulted in the design and construction of a
successful pasture furrowing plow.

McNesl's wmachine counsisted sasentially of an 18-inch tractor
sulky plow. The furrow opaner was composed of both a right-bhand and
left-band bottom fastened together to form a large lister. The upper
part of the frogs were removed and the rear parts of the moldboards cut
off so as to lift the furrow slices more gently and aveid inverting them.
fteel slats attached to the rear of the moldbosrda held the sod glices

up while & disk removad soil from under the upper furrow slice and
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thyew it benesth the lower furrow slice. In this way the ridge and
fusTow were covered with the sod slices allowing grass to contirue
grovirg.

These is & limiCed number of {maplements especially designed to
construct pastrre conicur furrows. Almost »11 these implemen(s have
been hand-builf. Mschines generally employed in Chis impcc-tant con-
sexvation practice ace those designed fo= cultivated land. It wuld
taerefc-e be dasirable 1if special contour ficrowing machizes were

desigcned and produced ccmarcially.
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STATEMENT OF THE FROBLEM

At the present time tlhere are no implemsnts man:factured
commercially for the sole purpose of constructing pasture contour
furrows. The aeed for mcchines of this nature has been expressed
by numerous people interested in this constrvation practice in South
Dakota.

Many land owners in South Dakota are reluctant to furrow their
pastures because of the undesirable characteristics of the furrows
commonly employed. In some localities, equipment that will build
a zatisfactory contcur furrow is not available. The problem ¢#a-
countered, thersfore, is to design and develop a pasiure contour
furrower that will:

l. Meet _he present needs and tronds of this conservation

practice in South Dakota.

2. Be relatively simple in degign and inexpensive to build.

&

Mount easily on =oust trailer type Coolbcr implemants or
tool carriers io common use.

4. Have a draft light enough to bs pulled by a three-plow

tractor.

5. Comstruzt a contour furzow without destroying aany sod.



REQUIREMERTS OF THE MACHINE

The practice of pasture contour futrovi.ng serves two main pur-
poses: to increase vegetive respcnse snd to reduce runoff. If in-
creasing forage yield is the primary purpose, an implement which will
construct small furrows at close intervale is ususlly smployed. How-
ever, if reducing runoff is of greatest concern, machinery capadls of
congtriicting relatively large furrows will be selected. Both the
sasll and large type furrows, frequently employed, have many uadesirable
features. Hence, the principle requirement of the machine developed
in this project is that it comstruct furrows that will fulfill both

purposes maationed above and also eliminate mamy objectionable features.
Furrov Size and Spacing

The early practice of pasture furroving was done almost entirely
with the moldboard plow. Furrov sizes varied somewhat with tha size of
the moldboard. Greater size was effected by making numerous passes on
the sams furrow. These furrows had large water storage capacity both
above and below the surface level of the groumnd. Because of their
large width and depth, furrowvs were spaced fram 20 to 50 feet apart.

Large furrows placad on tha level contour ars capable of em-
ponding large volumes of runoff water. A great portion of this wmter
is retained by the ridges created with inverted sod (Figure 5.) Ex-~
treme care mwst be amwwcised in the constructisa of this type of furrow
since a low place in the levee or depressiem will greatly incresse the

dmmger of erosiom damage. PFor this amd other reasons previously stated,
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Figure 5% Cross S8ection orf a Large ang S8mall
Type Furrow
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large type contour furrows and wide spaciags are not ussd as exten-
sively as in the past.

The present trend of amall furrows cpaced closely together is
due primerily to the greater beanefits realized as a result of the
pasture furrowing practice. Even though a greater volume of runoff
can be held with large furrows, saall furrows and close spacings
distribute retained mater more sniformly and, therefcre, stimulate
grass growti over a larger ares,

Water retained by the small typs furruws is held in a depres-
sion below the surface level of the ground (FPigure 5.) Since less
water is held in each furrcv the dange: of erosioa due T2 overflowing
is greatly reduced.

In ordeT to retain ssma of Che desirable aspects of boch the
large and small type contour furrcw, the achine must be designed to
eatisfy two requirewwsts. First, the machine should coastruct a
relatively emall furrow. This would allov furrows to b® spaced close
together without disCurbing a large area end still maintain uniform
moisture distribution.

Seccadly, the machine should also construct a fuzrow with lerge
storage potential. To accomplish this, without increasing the furrow
size, earth reroved from the depression must be used to form a levee.
In this way scd ordinarily destroyad in forming small furrows is

utilized to good advantagse.
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Furrow Charscteristics

A desired characteristic of pasture contour furrows is stabil-
ity. The effectiveness eand longevity of furrows will depend upon the
furrows ability to retain their shaps cver a period of years. PFactors
such as soil textura, soil structure, grass cover and furrow shape
greatly influence furrow stability. Much can be done, bowever, to
minimize furrow instability. It was, therefore, considered desirabla
thet the contour furrowing machine should construct a relatively
permanent furrow.

In meeting this requiramsat the machine must construct a furrow
vithout desstroying the sod. Two sod slices mmst be cut and lifted
wvhile underlying soil is shifted to form the desired furrow shape.
The sod slices must then be replaced over the new surface. In this
wvay the furrowed area will retain its sod covering asllowing the grass
to continue growving.

The finished furrow should appear as a seaicircular depression
immediately above a rounded ridge. By eliminating sharp cornered
furrov wmlls sloughing is reduced and lighter textured soils are more
easily held in place by the sod covering. 8ince little soil remains
exposed, vind erosion is also minimized during a dry season.

Tha furrows should be resistant to demaging forces imposad by
treading livestock and vehicle traffic. 1t is also important that
grasing animals be abla to cross over furrows essily without danger
of injury. Sodded furrows that have gently curved ridges and de-

pressions will best satisfy these requirememts.
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Design 3implicity

Another requirement of considerable importance is simplicity.
Machines that ar® ot complex are generally more trouble free and less
expensive to proiduce.

In crder to kee) the initial cost low, the pasture contowr fur-
roving machine should be designed as an attCachment to be mounted on
trailer-type toolbars or tool carriers. This is desirable because
tool car:iers are readily available and frequently used for various
other tillage operations.

By attaching the contour furrowing machine to a trailed tool
carrier, the machine could be pulled by a Grector through a single
hitch point. Traileér-Cype implemants are usually nc-e easily attached
and detached than are thrge-point hitched implgments. A factor to ba
considered also, is that many tractors ia usa today ars not aquij;zed
with three-point hitches.

Attaching thg contour furrower to a& t9ol carrier should be ecasy
and require very little time. This can de accomplished by fastening
the furrcwer standard to the tool carrier at three points. The upper
ead of the standard shculd be clamped securely to ths tool carrier with
& toolbar bracket. The other two fasteming points should consist of
two braces angling forward and upward from the lower part -£f the standard
to the main frame of Che t~ol carrier. These draces would serve o
stabilize the standard and transmit most of the force ¢> “he tool
carrier.

Serviceability of machine parts must ale~> de considered. Parts

naeding repair or replacement should be sasily removable. To accomplish



this the compon®st parts of the machine were assembled and held in place
vith bolts wherever possidble. Welds were employed only where the use of
bolts is not sufficiently stroag or otherwvise sot feasible.

In addition to ease of servicing and rspairimg, the machine
should be adjustable. Satisfactory operation is more easily obtained
if the machine can be properly adjusted to meet varying soil conditions.
This feature is perhaps even more important in s prototype maching be-
cause of the need for greater control in the process of testing an

operating analysis.

Easa of Operation

The operation of this pasture contour furrower should be con-
venient sad require little effort on the part of the operator. All
‘major control levers should be located vithin easy reach from the
tractor seat.

Lifting and lowering of the furrowing tool should be performed
hydraulically or with a ground power 1lift. Since furrows usually stop
short of rills, roads and drainageways, it is important that the& machine
be able to quiekly lift and lower without having to stop tha forward
motion of the tractor.

In order to save time asd lower furrow construction costs, the
machine should be reversible. Therefore, ths furrowing tool must be
designad %o oshift uadarlyimg soil in either direction. This would
always permit soil to be moved im the dowmhill direstion and eliminate
idle travel necesssry wham one-wwy implagmmts are sployed. The mashine

should be reversed by simply moving a lever to the proper positiom, and
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by mounting thie lever within easy reach of the operator; reversal can

be performed without having to stop and dismount from the tractor.
Convenience and ease of operation are important consideration

in the design of wmost machines. Proper emphasis given to thesa factors

often improves operator's safety as well as comfort. Adequate pro-

visions should therefore be made to incorporate thesa features into the

design of a pasture contour furrower.
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DESIGR AND DEVELOPMENT

Dering the sarly planning stiage of this project, various types
of pasture contour furrowing machines were examined and observad in gm
attempt to obtain hel.pful‘datign information. These machines are pre-
sently being used in South Dskota counties eaat of the Missouri River.
Particular interest was focused on machines that were hand built or
modified tillage implements. A planned effort was also made to examine
the eompleted work of thase machines.

Information received during this inspection tour revealed that
the main objection to these machines was their destruction of valuable
sod. Henca, it was decided to place considerable design emphasis on
developing a machine which would be capabla of constructing furrows
without destroying any sod. Other requirsments previously outlined in
this report are also given full considaration in the design of this

pasture furrowar.

General Features

This machine is desigpned to construct contour furrows on natiwe
grass and tame pastures. No attempt has been made to design it for
use in @mltivated land or grassed fields where a sod stratum has not
developed.

Large resistance forces sre encountered in cutting, lifting and
inverting sod. The magnitudes of these foreas are unknowm since thay
vary trasmendously with changiag soil couditions. In additioa to these

forces the presince of stones snd othar obstructioms impose destructive
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shock losds to the machine. The machine is built of a sturdy ganstruc-
tion balieved to adequately withstand large forces resulting from
pasture furrowing.

The machine consists primarily of the main furrowing tool at-
teched to a convantional eight foot trailed tool carrier. Pigure 6
shows a general view of tha imachine. A remote hydraulic cylinder is
used to raise and lower the furrowing tool and to control the working
depth

Rigidity and strength are obtained by using a hesvy stesal stand-
ard. The standard or shank is securely fastened to the tool carrier
with an easily detachsble mounting bracket. Two braces conaecting the
lower part of the stendard to the tool carrier freme provide additiomal
strength end rigidity.

The furrowing tool is composed of a 43 inch V-blade, sod rack,
small scarifying blada end a 12 inch digsk. Two sod slices, thres to
five inches thick, are cut out with tha V-blads and gently lifted by the
sod rack while a disk msoeated beneath the sod rack ramoves soil frem
wader the upper slice forming a ridge beneath the lower slice. Tha sod
slices remain attached at their outer #dges and are lovered into placs
over the ridgs and depression.

$inse enderlying soil must always be thrown bameath the lowexr
sod slice, the disk assambly is dessigned as a reversible unit. Tha
disk is rownted oc the emd of a beam which pivots horisoantally on two
besrings immedistely behisd the tool standard. A hamd lever is used
to swving the disk besm under either the left or right sed reck. Disk

angle adjustaents ere made with s second lever which rotates the disk



Plgure 6. Gengrgl Vigw of tha Patturs
Furroving Machine

#8u ra 7. General View of the Pagu rs Purrovig
mehin ¢ with Box Provided for Ac smadating
the Addition of Estra Wdght
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and disk bearing assembly in a pipe bearing at the outer gmd of the
beam. Provisions are als® made for adjusting the tilt angle of the
diek.

In order to loosen soil beneath the sod slices and reducs the
strain on the disk assembly, a small scarifying blade is mounted be-
hind the main tool standard. This blade operates five to six inches
below the V-blade. It need not be used if the soil is loose or moist.
The scarifying blade also serves to loosen amall rocks before they come
in contact with the disk.

The sod cutter consists of a large V-blade or V-shaped sweep of
the type commonly used for subsurface tillage. A sod rack in the form
of eurved rods is bolted to the haal of the blade in order that the
sod slice will be gently lifted off the blade surface without breakimg.
A conventional rolling coultar is mounted in front of the V-blade to
make & smooth vertical cut to separate the sod slices evenly.

In herd and heavily sod-bound psstures, additional weight 1is
needed to forcy the V-blade into the soil. To accommodata the adding
of extra wewight a 2 x 3 foot box i» placed on top of the tool carrier
freme as sbown in Figure 7. Sandbags, stones, or other ballast may be

placed in the bax as weight is neaded.
¥-Blade and Sod Rack

The primary function of the V-blade is to cut two sod slices in
such a mammer as to preserve the grass aad prevent breakage of the sod
layer. Sed slices mmat be lifted about ame foot abewa the ecutting edge
of the blade in order to provide space for the disk assembly to functionm



bmesch the lifted sod. It is also important that the sod slices remain
attach®® (o the su-face at their outer edges. This prevents the slices
from sliding off to the side of the sod racks.

The blade on this machine is designed to cut a width of 43
inches. Reducicg the width of cuC results in an increased angle through
which the sod slices must be lifted to obtain the desired clesarancs.
Mater isl osed in Chs blade couatructica was Lahen from an oxPerimental
stubble mulch svesp made of high carbon steel. This blade is 3/8 inob
thiek and tapers to a sharp forvard cutting edge.

Tha two wings of the blade &rg we¢ided toZother o form a V-008le
of 02 degrees. Tiis angle was selected rather than 90 degress in order
to improve cutting aod root shedding characteristics (2). Suction is
provided by placing the rsar side sf the blade two inches sbove the cut-
ttng edge. A trieangular shaped 3/8 ineh steel plate is welded between
the blade wings to streagthen ths blade and provide a base plate for
mounting the blade to the standard.

Figure § showe the V-blade and tool standard mounting. The stand-
ard is fastened 8o the blade with two 2 x 2 x 3/8 inch engles. PFour
5/8 inch bolts hold the angles to the base plate, and two 5/8 imch bolts
ron Worfanntally Chrough the tecol vzandard end both anglem. A 1 x 6
inch opming in tha bsse plate permits ths tool standard to extend
through to the lower suxface of the plgte. A 2 x 2 x 1/4 inch angls

-bolted to the Deso Plate; directiy bLehind the tool standard, further in-
tresfes the rigidicty of the blade. This mamher als2o supports the lower
baaring of tba disk bemm ans=mdly.
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To separate the two sod slices a vertical knif Jjs welded to the
blade directly in front of the tool standard. Although this knife, in
many instances, eliminstes the n dd for a rolling coulter, provision
is made for mounting one if needed. VFigure 9 shows th . location of
the vertical knif on the main V-blade.

Th '-od rack consists of two separate sections bolt I“di.uc:tl.y
to the main blade. This design permits the easy removal of the sod
rack to facilitate sharpening or xepair of the blade. Details of the
sod rack construction is showniin Figur @8 11 and 12.

Each section of the sod rack is composed of six 5/8 inch ste: .1
rods welded to a 2 x 1/4 inch %eel strap. The section is held in plac.,
on the blade surface with thr® carriage bolts. By tapering the forward
edge of the steel strap, the sod will slide smoothly over the blade e
face and on to th® sod rack.

The rods forming the rack are gently curved go as to raise and
lower the sod slices without breaking them. In %y lifted position,
the sod .11: also slopes upvard £f'® the outer ends.of the blad. wings
toward thon- ter. This lateral slope in the sod rack i3 shown in
Figure 10.

It 1s cxpoc%«‘ that the major portion of the total draft re-
quirements of this machine will be attributed to the V-blade. Reg 189%"
ance forces exerted' the blade by the soil during th furrowing
oporlg will d.pcn,'- such factors as the soil type and coadition,
type of vcga:z - er, sharpness of the blade, speed of forward

oo
motion, 3. th of operation.



Figure 9. Relative Location of the Vertical
Enife on the v-Blade

Figure 10. Rear View of Pasture FPurrowar
Showing Lateral Slope of the
Sod Rack



length of rods

48"
42“
37"
32"
26"
20"
BT R
< g
\} S ':—f.—-‘t‘lwg___ ﬁ.ﬁ&—k R

/47""’”’

2x 4 steel strap /

% mild steel rods /7
welded To strap ‘*—-43 carriage bolts

Pigure 11, Side View of Sod Rack

9¢



37.

Ve Vv-blade

= %’sfee:y
7

cross-section
of blade

“co.rr laqe
% bol‘l's9
2"x}{"5‘reel
sfr‘a.p

P

Scale: 15=1'

Figure 12, Top View of Sod Raek



Cutting and initial lifting of the sod elices is performed by
the y-blade. For purposes of making preliminary draft cslculations,
these two blade functions are considered responsible for the major
portion of the total draft raquirement. Since it is a common practice
to refer to the draft requiremsmt of a plow in terms of unit draft, a
coumparabls valus is selected for the V-blade in pasture soil conditions,

Unit draft is expressed in pounds per square inch of furrow
slice cross section. Values of unit draft for plows in cultivated
soils range from 3 to 20 psi depending upon the soil type and ccndi-
tion (2). Due to the large root volume snd oftea compact condition of
pasture soils, pasture cultivation usually requires large tractive
forces. Thus a unit draft of 20 psi is usad in the following prelimi-
asry ealculations.

Since the V-blade is 43 inchea wide, operating at a depth of
& imches would creats s total draft reguirement of:

Total draft = 20 1bs/4a% x 43 in x & in = 3,440 1bs.

The above calculation is used only as an estimate of the ex-
pected draft requirement of the smtire machine. It is assumed that the
draft contributed by the scarifying blade, disk, and sod rack is very
small as compared to this value. Variations in soil moisture probably
have the greatest influamce on the unit draft. Purther analysis of

the machine's draft raquirement is mads in the field test.
Tool Standsrd and Mountings

The tool standerd ssd wountings treaemit the forces exarted on
the furrowing tool to the tool carzier. Since the magnitudes of these
forces are mot known, the standard and mountings must be designed to
wvithstand sad estimated maximm load.
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Mexi{mm loading will probably result from shock imposgd by
obStructions such as stonss. The amount of impact force axerted on
the tool standerd asmd its mountings will depend upon the ability of
the V-blade to transmit this force:- It is also expected that large,
firmly embedded obstructions will damage the blade. Thus in some in-
stances the blade may receive destructive blows without subjectiag tha
tool #tandaxd to a gramitly increased load.

The estimated draft requiremant of the machine is assumed to be
due primarily to soil resistance scting on the V-blade. Therefore, tha
toel standard and mountings are designed on the basis of an assumed
load acting upon ths blade and resulting from an eacountaered obstruc-
tion. PForces acting on the tool standard are showm schematically in
Figure 13. A shock load of 8,000 pounds is assumed as being &merted
horigontally on the tool standard at A. Forces exerted on the standard
by the weight of the tool carrier and the vertical compotent of the
soil reactiocn are naglected in this analysis since they are smill as
compared to the impact load. Two braces are attached to the standard
at B and to the tool carrier at C and D. The uppar end of the tool
standard is fastened to the toolbar mounting bracket at E. The magni-

tude of the forces acting om the tool gtandard is calculated as follows:

IMg= O
T §ine x 17.5 in - 8,000 1b x 26 in = O

v - 8,000 1b x26 im , 15,620 1%
0.76 x 17.5 in
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Where T is the force that must be exertasid on the tool stangard by the
two brac®® in the plane parallel to the direction of travel. By sum-
ming the moments about point B, the reaction Ry is calculatad.

zubzo

Rg x 17.5 in ~ 8,000 1b x 8.5 in = O

R, - 8,000 1b x 8.5 in 3,890 1b

17.5 in
Since the tool standard is in static aquilibrium the reaction, Ry is
calculated by equating the vertical forces.
DR 0
Ry - Tcose =0
By = 15,620 1b x 0.65 = 10,160 1b
The resultant of Rx and By produces a reaction which is trans-
mitted to the toolbar of the tool carrier. Hence, the toolbar mounting
bracket is designed to withstand this force.
The force T is divided equally between the two braces. These
tension forces are indicated in Figure 13 as T; and Tp. Their magni-

tude is calculated as follows:

LR R VLI

[ 15,620 1b
T, =Ty = 1/2 —6-.%8-—-8,800 1b

It is desired that the tool standard be extremly rigid. Any
appreciable deflection of the standard would result in a change in the
level adjustmant of the V-blade. FYor this resson the standard is much
heavier thaa would ba necessary to remain vithin the working limits of
the material. The standard consists of 1 x 6 inch (SAR 1015) ateel



bar. Thres 5/8 ° bolts f£ast
racket. Tha toolbar mounting bracket is deaigned to rigidly support
tht ypper end of the tool sCandard. Pour 3/4 inch 1ts are ol to
Clamp the bracket to the toolbar, This arrangesent permit the furrowe-
ing tool to be quickly ted on most conventional toolbar carriers.
The mounting bracket ¢onsists of four 2 x 2 x 1/4 inch wgles -
tw 9 x 6 x 3/8 inch st 1 lates. angle is welded to each plg
and notches cut to f£it a 2 x 2 inch tool bar. Construction details are
illustrated in Figure l4. The force acting the mounting bracket,
due to the assumed ict load of 8,000 pounds, is a reaction force
equal to the raaul‘ ~t of and Ry. (_# Figure 13.)
ting this force as i, 1 va is calculated as follows:
R = /ol gl
kR « vV (3,690)2 + (10,160)Z = 10, b
The tool is sup places by the tool carrier frams
These supports are 28 inch apart. For purposes of lculsting an
spproximate penaing str s, th €toolbaxr is ¢ idered €o be a simply
suppor ed . The toolbar bracket is dway between the
1 to the cosmonect Ry.
N lec _ the wuight of tool carrier, bending moment result-
ing from Ry is
Mz1l2Ry x 14 in
Mml/2x1 ,1601 x in s 71,120 f{n-1h
Btress to '_ is bending moment is a maxi m at the e« d
lower cornars of toolbacr. 1llow-

“flemre formmls."
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5, = B &
b = S

I = moment of inertia of the ares = %—:— 3 (in")

c 3 h (1!!)
s = 112120 in-1b x 2/17 18 . 75 500 pat
24/12 in

The factor of safety for tha toolbar in bending is

's = S ﬂlt
Sp
8 F NS 586 pei

In order for this bending forece to be transmitted to th& tool-
bar, the three 5/8 inch bolts, shown in Figure 14, must carry the load
resulting from the impact. The average shearing stress in thasme bolts
are calculated as follows:

8g = %
vhere: R = force exerted by the tool standard on the
mounting bracket (1b)

A = total cross-sectional area of bolts (in2)

8g = shearing sctress (lbs/in?)

Mo * 6% 774 2 (0.625 1n)8 L T P8

The bearing stress om the bolts is calculated in the same manber.

’ H ——lglmna—-—- s 7,750 P.i
6 x 3/8 in x 5/8 in

Simge in this instance the shaaring stress is of greater
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significance, the factor of safety for the bolted connection is

78 = S! ult
8

44,000 psi . 7 43
7S 920 pat

The tool standard braces are designed to stabiliza the tool
standard and transait much of the force, acting upoa the V-blade, to
the tool carrier. These braces also eliminate torsion stresses in
the toolbar.

The standard braces consist of two 2 x 1/2 inch steel bars as
shown in Pigure 14. These braces are fastened to the tool standard
with a 5/8 inch bolt. A 3/4 inch steel rod is welded to the upper end
of each braca as shown in Pigure 15. Thase rods are threaded so the
braces can be placed in initial tension. Lateral adjustment in the
tool standard is made on the threadasd portion of the braces.

Figure 15 alpo sbows the bracket used in attaching tha standard
braces to tha tool carrier frame. The type of brackst employed will
depend upon the particular tool carrier on which the coatour furrover
is ted.

The teasion in each brace rasulting from an impact load of 8,000

pounds was previously calculated on page 41. 5Stress in the 3/4 inch

T
"i'l"

e, T, = tensiom in the left brace (1b)
A = str s area of a 3/4-HC bolt (im?)

- 8.800 1b, | 56,350 pat

¢ 0.334 in
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Figure 15, Tool Standard Brace and
Attachment Bracket



Stress values at the point wvhere the braces are attached to the

tool standard ary calculated as follows:

Shearing in 5/8 in bolt, (see Figure 15),

Ty, cos

Ss * “T7% (5/8 12

« 8,800 1b x = 25,500 psi
S = A i -

Tensil strass in the brace,

& TL cos (b
0.5 in x 1.375 in

g =8 1b x 0.888 - 11,370 psi
0.5 in x 1.375 in

Besring stress con bolt,

8=tx.c°.¢
x 0.625 in

s =« §,800 1b x 0.888_ = 25,000 pst
8.5 in x 0.625 ia

Shaaring stress in the brace,

s chOle
®* 2 x0.51Inx1.062 in

- 8,800 1b x 0. = 7,350 psi
s * '205S Inx1.0621n .

From the above calculations it is seen that the shearing strass
exerted on tha balt is the most critical. Thus the factor of safety

for the brace commectioas 1is

—
sl

z & = 1,73
i 25, pei



Disk and Disk Beam Assembly

The function of the disk is to trausfer soil from beneath the
upper sod slice to beneath the lower gsod slice. Transferrad soil
elevates the lower slice wvhich forms g leves. In addition, the de-
pression made by the disk permits the upper sod slice to be placed
lover than its original position.

A disk was selected to perform this operation because of the
desirable configuration of the rasulting furrow. The farrow amd ridgs
wade by a disk have semicircular shapes. This is desirabla since the
sod slices are not curved abruptly vhem laid in place over tha furrowed
surface. In this way there is lema tandency for ths sod slices to be
brokem .

finca tha disk mast operate baneath the lifted sod, it is
limited in size by the height to which the sod is lifted. The sod
rack is designed to 1lift the sod slices without breaking them Thus,
the disk amd disk besm are designed to operate in the limited space
beneath the sod rack.

Tha disk ead disk journal used in this design ar=m parts of a
standard msdel lister planter manufactured by a major farm machinery
company. Wodifications were made by revexrsing the disk on the besring
in order to position the bearing on the convex sides of the disk. The
cast irom bearing wms replacsd vith a steal besring to provide greatsy
streagth and permit easier wuldimg to the suppoctigy member. Two disk

scrapers waze also welded to the disk dearing.
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The disk and disk beam assembly is showm in Pigure 16. All perts

(except for the disk snd disk journal) were constructed with cosmer-
cially available stesl stock.

A steel shaft 1-1/2 inches in diameter and 11 inches long was
msachined to 1 5/16 inches in diameter. The shaft was walded to the
disk bearing and mounted inside a1l 1/2 inch pipe bearing. This pro-
vided disk angle adjustment at the outer end of the disk beam.

Two 1/4 inch steel plates were welded to the pipe bearing to
strengthen the disk assembly and to provide a simple means of attaching
the disk assembly to the beam.

The disk : embly is held in place on the disk beam with two
1/2 iach bolts as illustrated in Figure 16. Disk tilt angle sdjust-
ments from 20 to 25 degrees, are made by loosening the upper bolt and
retightening it in the desired po ition within the slotted hol ..

Cold rolled stuel wes used in the construction of the disk
bemm. A one inch diemeter shaft ' '  welded to the basm and supported
vertically by two one inch thick-walled pipe bearings. This paruits
the disk beam to be swng horizontally in order to position the digk
beneath the left or right section of the sod rack. The relative loca-
tion of th disk and disk b . asseably is shown in Piguxe 17.

One of the important obj tives 1 the design of this machine
was to provide a satisfactory mesns of making disk angla and disk dbesn
adjustments. This two quadr ¢t bhand
levers on the tool carrier £r . Lavers ian this machine wvere
taken from an old row crop cultivator. However, other levers of this

type would be switable.
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Lever rods ccnnect the levers to the disk angle and disk beam
sdjustment linkage. These linkages are shown in Figure 18. Additionsl
disk angle adjustment may be made on the thraaded porticn of (e linkage
rod showm in Pigure 16.

The proper position of the disk beam as well as the disk angle
setting will depend upon tha condition of the scil and the speed of
operation. With the provided adjustmant, settings can be msde vhich

will give the most satisfactory performance.

Beaxifying Blades

Toe disk masmeadly wis dasigned to cpsrate in soil benasth the
sod layer. Often this soil is dry and in a compect state. In order to
loosen this soil and theredby reduce the force acting on the disk, a
scarifying blade wvas sumted immediately ahead of the disk. it was also
intemded that this blade should provide game protaztion to the disk
against damage resulting from stones

The construction details of two typem of scarifying blades are
illustrated in Pigurs 19. Material used in their coanstruction was
hardened steel. The straight blade wes dasigned to cut fivg inches
below the mmin V-dlade withont grastly disturbing the seil. The other
blade was mmlded to a single shank and caused a greater soil disturbance
because of its shape. EKither blsde is eadily attacled to the furrowver
with two 1/2 inch bolts. Figure 20 showe the two bledes mmmeed ca the
main furrowing 2ool.

It wes expected that the draft reyuirumsrts of the macdims would
be slightly incroassed by tde wcarifylag bledes. Of grester concaxn,
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hovever, was thair effact on ths performance of the main V-blade and
disk assembly. It was therefore mmcsstpary to observe the opuration of
the machine with tha scarifyiay bladas attached and with thes ramoved.

iIn this way & comparison was mads to determina the value of these blade

attachments.

Pigure 20. Straight and Swmep Type
Scari fying Blades Attached
to the Furrower
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FIELD TESTS

Preliminary fisld tests were conducted with the furrowing
machine in June, 1960, on the Agricultural Engineering Experimental
Farm, Brookings, South Dakota. The purposs of these tests was to
observe the general characteristics of operation in order that the
necessary changes in design céuld be made before undertaking more
extensive tests. This test area was located on low, level land along
the Big 8ioux River where soil moisture conditions were quite high.
80il in this area was a fine textured clay and was frea of stones.
8ince the land had not been grased, the grass cover was extremsly dense
end tall.

Tests reveazled that additicnal weight was needed to initially
force the V-blade through the dense upper layer of sod. Without the
added weight, the upwerd force exerted by the disk preveated the V-blade
from entering the soil. However, after the V-blade had once entered
the soil, suction forces appeared tc overcoms the lifting effect of the
disk.

The disk's performance was quite satisfactory even though the
soil was wet and sticky. Rotation of the disk was somswhat restricted
by its imability to scour. Maverthelass, proper functioning was made
possible by the cleaning action of the disk scrapers. The high moisture
conditions also wmads it necessary to set the disk at a smaller angle
than would be used under wmore favoredle coanditiems.

During these preliminary tests, the V-blade was operated three

to four iechas below the soil surface. The sod slices were mot broken,



37

but they app®ared to be held back by the disk angle and disk baam
linkages. $ince this interferenca occurred quite frequently, it s
decid®d that the linkage should ba raised ts provide additional clear-
ance for the sod slices.

The scarifying blades did not properly function in this test area.
With the blades mounted, the sticky soil clogged beneath the V-blade
lifting the amtire furrower out of the ground. It was also noted that
the draft requirement of the machine was markedly incressed by tha
scarifying blades. This was attributed to the high soil maisture com-
ditiem and subsequiéint build-up of soil beneath the V-blade.

80il moisture and grass cover conditions in this test area were
not representative of pastures wuhire contour furrows would be heamaficial.
Rowever, these preliminary tests pointed out various needed improvements
which wvere made before testing wis continued.

The test area was exmmined a weak after the preliminary field
tests were conducted. Crass covering the sod strips bad continued to
grov and appeared to have basn only slightly retarded by the furrowing
operation. It was also noted that the furrow ridgs had settled about
one inch during this period. The sod slice covering the depression had
also settled msking good contact vith the underlying soil. Wmasuremants
were not made of the finished furrow because the soil moisture amd grass
cover ammditions ware mot coasidered typical of sloping pestures.

Field testing was resumnd in July on a native grass pasture near
Brookings, South Dakota. Although in nead of woisture, tha test area
Nad a good cover of mid grass and had deen lightly grased. Tha soil wes

of a loam texture and coatained & few scattered stonds throughout tha



profils. Due to the lack of moistere, tha ground surface was quite
hard,

In this tast, furrow were constructed on & level contour and
ware gpaced tan feet apart. The test was conducted on land with aa
eight per cent slope which provided ideal conditions for observing the
furrowar's operation on hilly pasture.

This figld test also revaaled that added weight was needed to
force the V-blade into the ground, The waight was esdded by placing five
100 pound bags of samd in the weight box locatsd om the tool carxrier.
The additional weight was also needed to maintain uniform depth control
snd prevent tha furrower from coming out of the ground.

The pasture furrower was pulled with a 1957 model thres-plow
tractor. While second gsar was gsnerally adequate, it was occasionslly
nacesggry to use first gear. Comsidsrsble slippage of the tractor's
rear vheels was also noted during this fiald test. Under thess con-
ditioas it was felt that a four-plow tractor would have been more
suitable.

Although the soil was too dry for the furruwingg operation, the
sod rack complied reasonably well with its requirsmants. However, tha
sod slices did crack and break as they passed over the highast point of
the sod rack. By cutting thin sed slices, this bresking was reduced
but not eliminated. Purther observationm Tevealed that an improvement
eould be made dDy dacreasing the emwvature of the sod rack. This was
accomplished by banding the rods upward sad raising the rear of the
T k.

58
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Operating the furrower without tha rolling coultar was not very
successful. Although the overall performance of the machine was not
greatly affected, the cut edges of the sodslice were rough and uneven.
To evenly séparate the sod slice, it was found that the coulter need
only cut two inches dbelow the ground surface. The general appearance
of the furrov wves greatly improved whan the cpulter was employed.

Particular notice wvas taken of the disk's operation during this
test. Whan compered to the preliminsry tast, the disk functioned ex-
tremely well. This improved operation is attributed to the fact that
the dry soil presented very little scouring resistance as did tha wet
soil. It was also noted that the disk could be operated at a greater
disk angle in the dry soil. This, of coursa, increased the amount of
soil shifted by the disk.

Various disk angle settings were made in an attespt to determines
the mast effective setting. Observations revealad that settings betwmen
45 and 60 degrees could be used satisfactorily. The best setting will
depend upoo the speed of operation and the characteristics of the soil.

The disk baam was adjusted and operated at about 20 degraas from
its cantered positiom. As with the d#isk angle, the proper setting of
the disk baam will depend upon operating conditions. All disk angle amd
disk besm adjustments were conveniently made with the hand levers. How-
ever, md attempt was made in msking adjustments vhile the machine was in
motion because of tha force exerted on the disk baam and its edjustment
linkage.

Bach scarifying blade was sounted on the machine for a trial run.

Bath hlades increased the draft of the furrowsr to the point wharg the
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tractor's vhe@ls slipped excessively. With the straight scarifying

blede mounted, difﬂcult\y was expreienced in forcing the V-plade iato

the hard, dry soil. This was caused by sod lodging betwsen the scari-
fying blade and tha disk. The swesp-type scarifying blede was lass
troublesome in this respect; however, poor penetration of the furrower was
also evidant, FPurther testing of these blade attachments was discontinued
because of their imterference with tha overall operation of tha furrower.

In order to insure the continued growth of grass on tha sod
slices, it is recommended that furrows be constructed when soil wmis-
ture is relatively high. Pasture furrows are usuilly constructed in the
early spring or late fall. Spring and sarly summer furrowing should
also be successful if the work is done during or immsdiately following
a rainy perioed.

Field tests wmre continued late in July #wam though pastures im
this area were extremely dry. A closely grased bluegrass pasture was
selected as the test site. Soil in this pasture was a fima textured
clay, possessing goad gramular structure. Since the land was usdula-
ting, furrows were coustructed on S, 10, ami 20 per cent slopeas.

Part of these tests were conductsd for the purpose of obtaiming
draft require=ent data. Rarlier field tests had revealed that a thraa=
plaw tractor was occasionally inadequate. A five-plowv tracter s,
tharefore, employsd in order that sufficisat power would be availsble
for making draft msasuremants.

Am electrical-resistance strain-gage transducer was specially
designed and used for measuring the draft requirement of thae pasture

furrowsr. The transducer was bolted between the tractior drawbar and
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the tool carcier. Lead vires from the strein gages yure connected te
an awplifier equipped with an indicating meter. This instrument wes
calibrated tu indicate draft directly in pounds. Figure 21 showe the
transducer and amplifier mounted on the tractor drawbar.

Draft messuremsnts wire made with che V-blade cutting four
inches below the soil surface and the tractor operating at a speed of
three miles per hour. Throughout these draft tests an effort was put
forth to meintain constant depth and speed counditicns. The primary
¢ojectives of these tests were to wsasure the averags total draft re-
quirement of the furrower and also measure the draft contributed by the
V=-blade, disk assembly, sod rack, and scarifying bledes.

During these tests considerable mater fluctuation made it
necessary to estimate the average draft readings. The firet draft
1sadings were made wi:n the furrov completely assembled except for the
scarifying blades. In the second test, howver, the sveep-type scarify-
ing blade was attached in order to determine the increased dr-It re-
sulting fcom its presence. The thizd test was conducted with the
scarifying blade and disk assembly removed. Por the fimal test, the
eod rack was removed leaving only the V-blsde remsining. A susmary of
the average draft for each test is shown in Table III.

From Table III it cen be seen that the total draft of the furrower
was geeatly fncressed by the scari€¥iug blsde. As lavestigacion reveslad
that the free movement of soil over this scarifyieg blade emd arvund its
shaak weo vestricted dY the ugper wass plave of the mais ¥-dlade., Thi,
interference could probsbly be eliminated by mounting the scarifying
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Figure 21. Strain—-Gage Transducer and Amplifier
Heuntad on the Tractor Drawbar

TABLE III. AVERAGE DRArY REQUIREMENTS OF THE VARIOUS
COMFUNERTS OF THE PASTURE FURROWER

Condi tion of Yurvower Avarags Draft
Draft Test During the Test Pounds

1 Completely assembled 3,200
wvithout scarifying blade

2 Complately assembled 4,900
vith scarifying blade®

3 V-blade and sod rsck 3,000

4 ¥-blade alona 2,900

- == ——— = —— = —_— = = — = — _ — —
#The sweep-type scarifying blads



blade further back. However, the limited space between the base plate
and the disk made such a change impossible.

The draft tests also showed that the disk and sod rack contri-
buted very little to the total draft of the machine. Since the draft
varied considerably within each test, it was difficult to evaluate all
the possible influsmncing factors.

Figure 22 shows the pasture furrowmr in operation on & mll-
sodded bluegrass pasture. The sod slices did not crack or break during
the furrow construction even though the soil was very dry. Whea com-
pared to the test made earlier on a native grass pasture, this improved
operation mms probably due to soil differences rather than the reduced
curviture of the sod rack.

The general appearance of the finished furrow is showm in Figure
23. This furrov wsa made on a ten per cent slope with the V-blade cut-
ting four imches below the surface. Without being packed, the sod
slices settled into place under their own weight.

It appeared that the finished furrow could be made more stable
by packing the sed slices. Thus, soms of the furrows were packed with
a rear wheel of the tractor vhile others were packed by rumming two
vheels of a pickup truck in the furrow. PFigure 24 show & cross section
of a furrow after baving been packed with the rear wheel of the tractor.
The added expense and pecessity of making am extra trip to pack the
furrowe could be eliminated by hitching and pullisg a haavy roller
directly behind the pesture furrower. It wuld be most desiradble if a

packer or roller was specially built to conferm to the cemtour of the

furrow.
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Figure 22.

Figure 23.

Pasture Furrgowar in Opa@ration

General View of thaPini shed Purrow
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Figure 24. Cross Hection of the Finished Purrow
Constructed on a 20 Per Cent Elope. (Tha
line denotei the lower surface of
the sod slice.)

Pigure 25. The Finished Purrew Comstructed am
a 10 Per Cent Slope. (The line illustrates
the space available for water detention.
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Two weeks after the above furrows wars comstructed, the test area
Tag exanined. The origimal comfirmetion of the furrows was ratained
although mau® gettling of the ®od slices was noted. Most of the grass
covering the sod slices was dead due primarily to lack of precipitation
doth hefore aend after the furrow yere constructed.

The water storag® potential of thes® furrows, assuming nomn-
in filtration, is dep;xd ent upon thase three factors: the slope of the
lend, the size of the depression and the effective height 9f the levee.
Maasuremants were made of the furrows in order to determiase their
epproxinita Tetantioc capacitiss usd ér varfous conditions. Figure 25
21lustrates the deptk to which waser wildl b6 stored in s furrov coo-
stzucted Ju & 66D P¥T cent slope. THe everage affective hoight of tde
settled furrow levee wvas three inches above the original ground surface.
Msasurements made of furrows constructed on level ground showed that the
ridges were »n the average five inches higher than the bottowm of the
furrow. The storage potential and recommended furrow spacings for
storing var{ons emcuste of rumo?f are givan in Tadle IV.

Purtov spacing intervals are gamerally selected by using per-
tinemt rainfall data pnd estimating runoff conditions. The raimfall
intensity in inches per hour for a tw or five-yesr frequency storm i8
determined for the ares to be furrowed. This value is then m1ltiplied
by mm appropriate rowo ff coefficient to obtain the expectsd rumoff in
inches per hour. Tue P:opir layoot of theds oontour furrvwe vill
greatly iacrease their efSectivenses.
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TAELR IV. THE CAICULATED STORAGE POTENTIAL* OF CONTOUR FURROWS AND FURROW SPACINGS
REQUIRED FOR STORING VARIOUS AMDUNTS OF SURFACE RUNCFT

Slope Storage Potential Yurrow Spacing (in fest) Required to Store Runoff
Por Cent Cu. Ft. per Ft. of Furrov |, o6 4, ™ 0.5 4n. 0.75 in. 1.0 in. 1.25 in. 1.5 4n.
1 1.90 57.3 28.7 19.1 14.4 11.5 9.6
2 1.02 49.0 24.5 16.3 12.3 9.8 8.2
3 0.92 44,0 22.0 14.7 11.0 8.8 7.3

0.68 32.7 16.3 10.9 8.2 6.5 5.5
s 0.61 29.2 14.6 9.7 7.3 5.8 4.9
6 0.46 22.0 11.0 7.4 5.5 4.4 -
7 0.43 20.5 10.3 6.8 s.1 4.1 -
8 o.w 18.7 903 6.2 607 - R
’ 0035 1607 803 5.6 ‘-z - ew
16 0031 1‘-8 7-‘ 5-0‘ - " -
11 / 0.28 13.5 6.8 4.8 - - -
12 0.26 12.3 6.1 4.1 - - -
13 0.22 10.4 5.2 - .- e -
14 0.21 9.9 5.0 - - .- -
15 0.20 9.5 4.7 - - - .-
16 0.19 9.0 ‘os o - = =
17 0.18 8.5 4.3 - - - .-
18 0.17 8.0 4.0 - .- .- -
19 0.16 7.6 - - e - -
20 0.15 7.1 - so .- - o=

T T T T I T maT s S s S S T TS I T T ST L ST e T s e e T e LT T e T T e T i
*Tgble was calculsted from the msasured furrow cross section and is dased om nonfiltration.
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A pasture furrowver machine that will comstruct contour furrows
without destroying the protective sod mamtle was designed and tested.
Design criteria for this machine were obtained from a study of the
present trends and needs of the pasture furrowing practice im South
Dakota. This study also revealed that the implements frequently em-
ployed, construct contour furrows with mamy undesirable characteristics.
The destruction of considerable sod end exposure af the underlying soil
were common objectionms.

The pasture furrower described in this thesis consists of a
two-umy furrowing tool mounted on a comventionsl toel carrier. A rigid
and well bracsd tool standard supports the furrvwing tool which is com=
posed of a V-shaped blade, sod rack and disk assembly. Provisions are
made {n order that the operator may raverse and adjust the working angle
of the disk without having to dismount from the tractor.

The furrow is formed by cutting amd lifting two sod slices while
the disk, fastened immpndiately behind the V-blade, removes soil from
under the upper sed slice and throws it beneath the lower slice. As the
disk shifts the underlying soil, the sod slices progress awvar g curved
rack and are lowered over the nsvly formed surface. Thus, protectieom
against sloughing and erosion is afforded this type of furrow.

Pield tests conducted with this machine showed that the sverags
effective height of the fimished furrov levee was 3 inches above ground
level and 5 inches highsar tham the bottom of the depressiom. The maasured

cross sactiona of furrows constructed om varied slopes were used to



calculate the furrows' storage potsntial, Tests were also conducted
im an effort to determime the total draft requiresent of the pasture
furrower. It was revesled that a tractive effort of approximately
3,200 pounds wes required to pull the furrower in & well-sodded pas-
ture,

This machine bhas beea successfully used to cesastruct pasture coo-
tour furrovs umder varyimg slopes, grass cover aad s0il moisture com-
ditions. These experiments havi indicated that in order to insure
continusd growth of grass on the furrowed surface and improve furrower
operation, this machine should be employed vhem soil mpisture conditions

are relatively high.



1.

2.

3.

4.
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CONCLUSIONS

The pasture furrower develeped in this study has beea successfully

used on nstive and bluegrass pastures im South Dekota. Purrowe con-

structed with this mschine have the following advantages over furrows

made with moldboaxrd plows and ether ffeld cultivation implemsats.

Q.

b.

C.

£.

8od is not destroyed during furrov construction but is
replaced over tha furrowed murface.

So0il is not exposed or scatterad over the area between the
furrows promoting weed growth.

Purrove are more resistant to the destructive forces of wiad
and water erosion snd are, thersfore, more permaneént.

The curved surface of the furrov levee and depression provides
less tendency for sloughing.

Furrows asa be more easily crossed by livestock asd motor
vehicles.

With edequate mail mofeture, grass covering the furrowed

surface will continue to grow.

This passture furrswer is ressonsbly simple and can be constructed from

readily abtainable materials.

The furrewer can be easily mounted om most conveational trsiled tool

carriers.

A three-plov tractor may be used to pull this pasture furrowsr, dew

ever, a four-plow tracter is recemmended 8iB0e grester tractiom 1s

gmmerally available.



5. Upon settling, the average effective haight af the furrow levee is
three inches with the levee being fiwve inches above the furrow

bottom.
6. The ‘st suitable tima for comstructing pastu . tour furrows with
this chine is when soil moisture ied are relatively high.

7. TYor best results the sod slices should be brought inte closer can-
tact wi rlying soeil. A h#ifvy piacker or roller whniich am
trailed behind the machine s 1d for this purpose.

8. In order to furthar develop this pasture furrowing machine,
ext 1ive research is nseded to determi the relati effects of

soil risdbles and design features oa its overall operation.
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