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The felling of the first tree by colonists in the New World, though
never mentioned byistaiang was an act of greatignificance It
marked thebegiming of the era of the most rapid ratevedistéul land
use in the history of the world. Nature had labored slowly to raise
mourtainsg carve out valleys, build flood plains, and to cover them with
soil andvegdation. The first English colonists settled in tihesa
peakecountry in 1607. They began hacking down the forest with rude
tools. They had n&nowledgeof how to live in thewildemess nor did
they antidpate that the number of people would increase until every
acre in the country had to beunted.

The settlers chopped a little way into thig&erness They built rude
sheters of logs. The Indians taught them how to grow corn; they
planted it in hillscultivatedthe crop with hoes because they had no
plows. Now and then a hardy settler pushed farther intilderness
With his gun nearby he chopped down a few trees, cleared away the
brush, and planted his crop andltivatedit. At first the tendefoot
colonists almost starved, but battles with the Indians and the contest
with Naturehardenedthem. They attacked the forest with greafi-
ciency.

The acreage undeultivation near the coast increased, and farms
grew larger. More and more ground was plowed up. More forest was
devasated More grass was eaten by the growing herds of cattle, hogs,
and horses. Soon farmers lived all along the coast. They came in larger
and larger numbers. Many fell by the wayside, victimshafdship,
disease, or Indians. But still they came. The towns grew larger, became
crowded. The moradvenurous explored thebackvoods and carved
out farmsthere.

They banded together and formed inland towns. They advanced
farther and farther into th&vilderness They pushed up the river
valleys, sought out the richest land and farihed

Then a few of the farmers in the older sections noticed a change in
the soil. At first it had been dark, in some places almost black. but now
it was lighter in color. This changanpercegible at first, meant that
detaioration of the soil had set in. It was a symptom of the showk-
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nessthat would for a long time afflict our land. It meant that much of
the organic matter, attacked first by fire and then by the plow, was
gone.

When a great rain came the loose soil mixed with the water, and the
muddy water flowed down the hiltsarrying with it the richest portion
of the soil--topsoil. Most of the organic matter wamcernrated near
the surface and, as the plowing was shallow, the richest part was
washed away and the lga®dudive subsoilremained.

Year after year, settlers grew the same kind of crops on the same
fields. So it is nosurprisng to find refeenceto worn-out land in the
eighteenthcentury. In the sections heavipppuated before theReve
lution, crops became poorer until, finally, the farmabsamonedmuch
of the land. For early Massachusetts, recamdgcatethat most of the
land near the coast wabarmonedat least once befo00.

The settlers always had their eyes to the west, for by going west they
were able to satisfy their land hunger. So vast was the western country,
it did not seenpossble that there could ever be shorage of land.

They acted almost asvkegédation was an enemy of man, and removed

it ruthlessly with fire and ax. They pushed farther and farther west,
burning andchopping as they went. What does it matter, they thought,
if we wear out a field in a few years? No matter how much land we
spoil, there will always be plentyore.

But there were a few who believéifferently. They were farsighted
men who could imagine the time when the good land would all be used
up. They had farmed and had observed others farm and they watched
the land grow poor and were worried abibut

By constantly talking and writing about th@portance of soil
consevation, they began amovement which has grown until now
evenone knows that the soil must be conserved. The efforts of these
men to prevent soitlepldion on their own farms wersucceskll.
Although theirneighborsoften did not profit by their advice amxkpe
rience each effort added a little to ttkk@owledgealready gained, and
in many cases theonsevationists devebpedways of saving the soil
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that are still being used, at leasfpirinciple. These efforts should be an
inspiration to us, today, to carry on our work. The earbnsevationist
had few books to guide him, mmgneersor soilsciertists no program
of research, no help from tl@overrment Geneally, his plea for the
presevation of his country’s most precious natural resource, the soil,
was a voice crying in theilderness The earlyconsevationists were
too few in number for aoorinatedattack that would preserve the land
as a whole. It remained féollowing genegtions to carry on from the
begiming they made--tacoodinate the methods of soitonsevation
and theinitiative of the farmers into a national program foesening
farmlands.

JARED ELIOT

1685-1763
THE BEGINNING OF AMERICAN AGRICUL-
TURAL LITER ATURE

In colonial times almost every man was a farmer. Everpteacters
and doctors were part-tinfarmers.

Jared Eliot, aninister and doctor of Killingsworth, Conn., was no
exceftion. In his spare time hpradiced farming and when he rode
horséack calling upon higaristionersand the sick in hisommunity,
he noticed the way other farmdéssmed.

He noticed that water running fromvageated hillside was clear,
but that water running from a bahdllside was muddy. He believed
that the mud in the water was fertile soil from above. Most of New
England was hilly, and every time muddy water ran off one of the
fields the field got poorer. Eliot became so muderestedin farming
that he carried on margxperments and studied the farming methods
advcacatedby Englishauthors.
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At that time there were few books agriculture and none that was
suited toAmerican agriculture Pradically hobody wasinterestedin
consening the soil or in raising better crops aultivaing the land in
such a way that it would not waakvay.

Because land was ptertiful and capital was so scarcelonial agri
culture waswastdul andinefficient Eliot resolved to do what he could
to improve the crops and to conserve the soil. After many years of
expermertation andobsevation heincomporatedhis ideas into the first
Americanbook onagriculture, a series of essays, the first of which was
published in1748.

A large part of the book was devoted @istusion of Englishprac
tices Between the time of the first Engligettlanent in the New
World and 1750 Engliskagriculture made rapid strides, but in the
colonies there was littlenprovement

In England, "Turnip" Townsend was tloatstanithg advcaate of
root crops during the lateighteenthcentury and helped pave the way
for sciertific rotaions Eliot wasfamiliar with Townsend’'s work as
well as with thewritings of anotherEnglistman Jethro Tull, who
believed that theultivation of soil was the secret &drtility.

EROSION AND ITS RECOGNITION

Eliot's ideas oragriculture wereinfluencedgreatly by the work of
Tull and Townsend, but perhaps even more by John Bartram, the first
native American natualist (1699-1777). For many years Eliot and
Bartram correspondedand their letters show eecoqition of the
erosion problem which was unusual for the period. In an undated letter
to Eliot, John Bartrani3, pp.203-204)numbers irparerthesesrefer to
Literature Cited at end of bookyrote:

One cause is very obvious in rich low lands. by ye banks of rivers that are fresh.
which are Anualy enriched by ye floods that brings down mud & trash
deposited there where ye stream doth not run very strong or in eddy or back
water or where there grows bushes weebranblesto retain ye leaves or trash

that is brought down: | have observed thaPensiVania East Jersey & York
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govermmentthair rich low lands before they was cleared: prodwadaddance

of hasels. weeds & vines. whi@ntamgled ye trash which ye floods brought
there: & in time rotting kept it very rich. but when cleared & plowed they had A
contrary effect upon it & instead dfringing a rich supply & leaving it they
often bore away some of ye best of ye soil which was a fine black sandy Loam:
& if ye stream hath a fall &onseuently runs swift, it often leaves A coars
sand whichimpowerishethit: & moreover as ye higher ground & hills is trod &
pastured. ye water in great rains washeth ye earth much more in durlhes,

ing down more course sand or clay than formerly. as | have observed when |
was in ye back parts of ye Country above 20 years past when ye woods was not
pastured & full of high weeds & ye ground light then ye rain sunk much more
into ye earth and did not wash & tear up Ye surface (as now). ye rivers &
brooks in floods would be black with mud but now ye rain runs most of it off on
ye surface is colected into ye hollows which it wears to ye sand & clay which it
bears away with ye swift current down to brooks & rivers whose baok®iit

flows & where ye current runs swift it leaves ye sand behind but where ye
stream is checked some of ye rich sedimen remains & enrictggtaity.

Eliot’'s ideasregardng sedmertation were substatially the same.
He believed that thechnessof the valleys was caused dgpaition of
fine mateial washed from the hills, and that most water contained fine
particles of soil. Turner, who helped edit his essays, observed that a
foot or two ofsedmentmight beaccunulatedin a short time. Taeter
mine the amount of matter isuspesion Eliot performed several
expeimentsin which heevapratedvarious types of water. Rain water,
he found, contained but little foreignateial.

Although sedmertation might enrich a valley, the removal of the
soil from hills left them sterile. As ElidB, p.29) said:

When our fore-Fathers settled here, they entered a Land plobibly never

had been Ploughed since the Creation, the Land being new they depended upon
the naturalFertility of the Ground, which served their purpose very well, and
when they had worn out one piece they cleared another, without any concern to
amend their Land, except a little helped by the Fold and Cart-dung, whereas in
England they would think a Man a bad Husband, if he should pretend to sow
Wheat on Land without aryressng.

At this time few farmers made any effort to save manure from the
farmyards and land had become so poor that "it would raise turnips no
larger than buttons." Such land needed dung. This, however, could not
be purchased for "love or money." Eliot, whitcommendng manur
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ing, warned against the use of manure on sloping lands, where it would
be washed away by thain.

EROSION AND DRAINAGE

In some places soil washed from the hills had blockedvtter
coursesand caused valleys to become wet and swampy. Drainage of
such landbccpied animportant place in Eliot’ssoil-building program.

To acconplish this, herecommendedthat a hole be dug on the lower
side of the land to be drained and connected with the natural drainage
system by means of a ditch. Theeaestobstale was theclogging of

the drainage hole by sand asetiment Eliot (8, p.67) foundthat--

in a few Days there will be a fine Sed.iment, thin like a Cob-web in the bottom
of the Hole, which will intirely stop the Passage of the Water, but this Film is
easily broken btirring up the Bottom with akloe.

It was alsonecesarythat the ditches havaufficient fall to maintain a
steady flow of water. To keep the ditches free fimedment Eliot (8,
p. 14) recommended

If the Ditches drain well there is anothdlvartage in the Spring when there is
much Water, bystopping one Ditch you may shift the Water into another to
cleanse it, and so to a third: Hereby you will save the charge of the Yearly
Scouing of them with the Shovel, which is a good saving: | findespeaience

| have thatAdvartage

SOILS AND FERTIL IZERS

Eliot was firm in the belief thagverything in the world was good in

its proper place. He was aware of the fact that, as a result of erosion,
heavy soils wereoncetratedin some places and sandy soils in others.

It was the duty of man to balance susbqualties Eliot consiceredthe
problem ofrestoing the original texture of the soil so that eroded lands
would again becomprodudive. He believed that swamp mud should
be deposited on the wohillsidesand that sand would often convert a
wet piece of land into a ferthe meadow. He agreed with Ty qy.
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156), his editor, whaommented:

when we see the Sand agrhelly Hills we seem to be at a Loss what they
were designed for; but as Nature hath not made any Thing in vain, we should
turn our Thoughts to the Melloration or mixing of Soils, and we shall then find
that every Thing is good for some Thing. When | htreselled the Road, |

have seen on one Hand large Sand Hills, where the small Spires o&taugss

gled to rise an Inch in Height, and on the other Side a gloomy Bog, that
produced only Frogs and Reptiles, and have been at a Loss to know what Use
they could be put to; till a few Rods further hath convinced me, that the Rains
which have washed the Sand of the Hill on the Cole heavy Soil of the Bog
bhath begun a filne Piece of English Meadow; This Hint which Nature hath
kindly given, must be a full Proof that Sand is a prdpegssng for low wet
Ground.

Many of Eliot's expeiments concerneddifferent types of soil
amendnents In addtion to mixing soils ofdifferent textures, he’ also
favored burning clay and peat together and using the ashes to enrich the
soil. He recogized the value oflimestone and shell sand and also
subscribed to thprinciple of enricting land by means of green manure.
Although herecommendedturning under oats, rye, and millet, he felt
thatbuckwheatwas better than any tiem.

None of theseamendnents Eliot reaized surpassed manure in
value. A farmer who did not use the animal manure and wastes of his
farm was likened to a man who drew money out of the bank and put
none backManuing, however, wagliffi cult as long as land remained
unerclosed A few such fields were left at the time when Eliot was
writing. Even aprovidentfarmer, using amnerclosedfarm, could not
conserve the manure of his stock for the benefit of either his tilled
fields or pastures. Equally bad from te&angboint of soil wastage,
accordng to Eliot, were large farms that, okcesity, suffered from
neglect. Hentroducedevidence to prove this contention and urged that
farmers should¢oncetratetheir efforts on a fewacres.

PLOWING
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One of Eliot's mosimportant contributions was theexposng of the
most harmful of Tull'sfallacies From hisexpeimentshe found that
cultivation increased crop yields, but he aldiscoweredthat, without
the application of manure, Tull's system oihtersive plowing was
useless on many soils. He agreed, however, that dry soil could be kept
more moist byoccasional stirring, that plowing helped to dry out wet
land, and that, unless soil was kept loose and mellow, it could not
utilize therainfall effedively.

The farmers of Eliot'syenestion were prejudiced against deep
plowing. When he plowed deep, the old farmers inrtagtborhood
warned him againsspoiling the soil. Like others of his and of later
times, Eliot felt that the dew containedriching, nutritious salts that
would fertilize the soil if turned under. This he regarded asadd-
tional reason for deep plowingrefemably at dusk when the dew was on
theground

Tull’s horse hoe, Eliot found botinefficient and clumsy. As an
improvenent he invented a drill which would open a furrow, plant
seed, and drop manure in a singgeetion. He secured the aid Bfres
ident Clap of Harvard and Benonai Hylliard, a villaglacksmith In
desigring the tool. For testing, the drill was sent to William Logan of
Philadephia, who was anotheoutstanihg agricultural leader of the
period.

SOIL-BUILD ING CROPS

At the time Eliot was writing, much of the grazing landCohnecti
cut was already depleted or exhausted. He feltghadperousagricul-
ture wasdepemlentupon good pasture€onsejuently, many of the soil
consevation measures headvacated were designed for pasture
improvenent Besides animal anthlcar@usmanures he employed red
clover, timothy or herd’s-grass (as it was called in New England), and
various wildgrasses.
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Red clover wasonsiceredthe mostvaluable crop for building up
poor land. Heecommendedthat every farmer should have a bushel or
two of clover seed on hand. Hi&lvacacy of a clover or grass crop
during the fallow years was a veiyportant change in New World
agriculture Eliot attributed the revival dagriculture in England to the
use of clover and grasses. As a general rule, however, he did not
recommend blind accepance of Englishpradices and crops for New
England.

Because the climate and soil differed from those of England, he
favored theintrodudion of no new methods until they had beéor-
oughly tested. Thisconclwsion was based on #orough study of
English agriculture Througlout his book many ideas are borrowed
from English writers, but they are usuatiyaified with accounts of
experments that he or otherConnecttut farmers had conducted.
Besides clover and grass, which wereegral parts of thediversifica
tion system, root crops such as turnips and carrots were higtdyn
mended He observed that many were using turnips as feedivior
stockbut that few knew oflover.

Jared Eliot, the first of the pioneers, madecbigtribution by calling
attertion to soil washing and its dangers while they were still
undreamed of by mogtmericanfarmers. Although when his work was
completed, erosion control was still in a me#menary stage, his
book was much used by hisuccesors His works representeda
distinct depature They consttuted the begiming of a literature on
agriculturein general and on erosion controlparticular

SAMUEL DEANE

1733-1814
AN ADVOCATE OF EXPERIMENTAL AGRICUL-
TURE

10
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After the time of Eliot, more farmers becaimterestedin measures
for protecing and enriching the soil. Occasiorally someone would
write a book or a pamphlet cagriculture, and by 1800 about 20 of
these had been published. Bagriculture as a whole had been going
dowrhill. As the slopes became poorer, the rich valley land suffered,
too, because sand, gravel, and poor subsoil were washed down from the
hills. In many places the rich soil had long since been wasified

While the water was at wodarrying away the soil, the wind was at
work also. Wind erosion in our country has never attracted so much
attertion as erosion by water until a few years ago when the ferthe soil
of the Dust Bowl was carried high into the air and carried across half a
continentto be deposited in the Atlantic Ocean. A few of tarefa-
thers however, werdotheredby winderosion.

Samuel Deane, who livedgenestion later than Eliot, was the first
to attempt to control wind erosion. The lives of the two men were
someavhat similar. Both wereministers both were farmers, and both
accepted little on faith alone. Both weamiliar with but quesioned
the ideas of Englishgriculturists.

Deane relied oaxpeimenteven more than Eliot did. He became so
muchinterestedin his agricultural expermentsthat when thérevdu-
tion broke out, he retired to his farm at Gorham riearand Maine,
(Until 1820, Maine was a part of Massachusetts. To avoidusion
"Maine" is used in this paper tolentify all places included in the
present state of Maine.) and devoted all of his timegdculture
About 1787, he began writing his book which he hoped would improve
American agriculture The New England Farmer @eogical Dictio-
nary was published in 1790 and forgenesgtion became thestardard
text onAmericanagriculture

Like Eliot, Deanaecogizedthe ill effects of erosion by water in
New England andlevebpedways toovercomeit. He observed in his
book that with heavierainfall in the hills "more of the fine mould
would have been washed down into the hollows; and dextyaenels
would have been made in the soil by the running of water which are
consicerableincorveniences (6, p.232).

11
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PLOWING TO PREVENT EROSION

The principles of plowing to prevent erosiordevebped by Eliot,
were carried forward by Deane. Ba#tconmendeddeep plowing and
Deane suggested that farmers should plow their furrows a little deeper
eachyear.

Inaddtion Deanereconmendecdcontour plowing to prevemullying
and sheet washing. In this respect his wgakaleled that of Thomas
Jeffeson (For discusion of Randolph’s andeffesoris contrbutions
to erosion control, see Hall [9].) and Thomas Mann Randolph of
Virginia. All agreed thatwherver sloping lands werecultivated
contour plowing should be adopted. Randolph directed his efforts
toward thedevebpment of a hillside plow that wouldeliminate dead
furrows and permit all of the soil to be turned in aredion. Deane,
however, suggested that a lessnbesomeplow was needed in order
to reducefriction. To some extent this could kecconplished by
plating the woodemoldboardwith iron.

Where an entire hill lay within one field, Deareonmendedhat it
should be plowed all the way around the hill on the contour h&hé
ings or parting furrows, furnished drains in which the water moved so
slowly that none of the soil was washed away. If only one side of a hill
were to be plowed, the team should return light each time so that the
furrows would all be turned in ortBredion.

At first Deane suggestedrowing up banks of earth on the contour
but dismissed the idea in favor of ribbing, which was merely running
paralel contour furrows atintervals on sloping lands to prevent
washing. Oncultivatedland, the furrows were to be made In the fall
and spaced 3 or more feet apddpenihg on thesteemessof the hill.

For pastures that showed a tendency to wastedmmmendedfurrows

8 or 10 feet apart. In this way Deane extendegtheiplesof contour
plowing to pasturananagenent (From this time on, someonseva
tionists occasiorally suggested a crude form of terraderraéng did

not become popular until the Civiv War, however, and few of the
earlier farmersctually carried out thédea.)

12
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The principles of terraéng and stripcropping, widely used today,
were alsoadvccated in a combined form, by Deane. Hialtemate
husbandry" consisted of plowing the land in flat ridges about 9 feet
wide. The ridges weraltemately planted in grain and allowed to lie
fallow.

In addiion to general farnimprovementas a method gbrevening
soil wastage, Deaneecommended several specifictechiques To
prevent erosion on ditch banks, Deaaeonmendedhat strong-rooted
grasses be planted on their margins. To pregefiying along roads
and paths about the farm, he suggested the use of carts with wide
wooden wheels. Some of these in use, he said, had wheelsradeot

CROP ROTATIONS

Deane wagartialarly interestedin expeirmening with various
types of croprotaions He clung, in part, to the old, bare-fallow
system believing that it was wise in some casegeaosatethe land in
this way. He did favor, howeveplaning rows ofpotaoesor carrots at
intervals on the fallow land. Although he had read many Endlisk
tises giving various sequences of root, grain, and brass crops, he was
not disposed to accept them until he had tried them in New England.
Long expeiencewasnecesaryto detemine the bestotaion, but little
expeimertation had been done along thiise.

On the basis adxpaienceandobsevation, Deane made a fetenta
tive suggetions For light, warm soils, heecommendedcorn, peas, or
potaoesfor the first year; for the second year, rye or barley; the third
and fourth years, clover; the fifth, wheat; and the sixth and seventh,
clover. For cold stiff soils, heecommendedoats orpotaoesfor the
first year; second yeapotaoeswell dunged; third year, flax or wheat;
and for several yeatherafter, grass. One of Deanepsinciples was
that the so-called "white" crops should never be grown for more than 2
years insuccesion A "green" orsoil-building crop should bealter
nated with "white" crops. (White orexhausing crops included oats.
corn, flax, rye, and barley: green apil-building crops included
legumes, root crops, amgasses.)

13
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Obsevations led him to suggestifferent rotaions for different
areas. For Bristol County, Maine, he suggested: The first year, Indian
corn; the second year, rye, wheat, oats, or barley; and for the third and
fourth years, clover. ICumbetand and LincolnCourties of Maine, it
seemeddesimable to raise field peas, oats, potaoesduring the first
year; Indian corn with much dung, the second year; barley or rye, the
third year; and herd’s-grass and clover up to the tgedi.

Deane was one of the few farmers of ¢htonial period who relied
chiefly on potdoes He wasconsiceredthe best farmer in theommu
nity but even his totgbrodudion was low, anindication of the small
scale ofprodudion of thesubsisencefarmers of New England. In one
year, his total crop yields were as follows: 70 bushefotdoes 50 of
French turnips, 40 of English turnips, 5 of peas, Busfiwwheat 70 of
carrots, 3 of parsnips, 4 bushels of beets, and 500 cah{35g¢s366).

It is significantthat Deane, on his own farm, had more or &%
donedgrain crops because they depleted the soil. Although clover was
inserted in most of hisotations he still remainectritical of it, not
concedhg that it was better than any other "grass."adenited that it
improved the soil near the surface but doubted if it made the soil as a
whole any better, thougdngricultural authoities of his time agreed that
a clover "lay" was a googrepaation for wheat.

METHODS OF ENRICHING THE SOIL

In regard to green manures, Deane favored Elgottggetion that
millet would make poor land rick6, p.116). He alsoreconmended
peas and oats, and said that some farmers had used clover and ryegrass
with success.

All of Deane’'s methods of soibnovation were subsidiary to his
main idea that there could be no réadprovament without dung.
Quoting Dryden, he said that farmers should not be ashamed of their
occlpaions, as many of them were, but "should toss about their dung
with an air of majesty{(6, p. 2).The pradice of saving all manures, in
conjungion with aredudion In the size of farms would, he felt, make

14
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farmingsuccestl in NewEngland.

Deane suggested a number of methods by which the farm manures
might be best utilized. He endorsed Eliot's idea of mixing soil and
manures, but carried this idea still further s)yggesng that the soil
and manure be mixed indeclivity so that the wash from tisairround
ing area might be utilized. In this compost heap, he put all the usual
farm wastesncluding leaves, ashes, and trash of various kindadti
tion, he believed that theradice of folding, whereby cattle were
penned nightly for the purpose pfesering their dung to enrich the
soil, was a good one although seldpradiced

Deane’s ideas on soil texture were similar to those of other writers of
the lateeighteenthcentury, since he thought sddrtility was largely
depenlenton thischamaderistic. Like Eliot, he suggested adding sand
to clayey soils and clay to sandy soils.particular. herecommended
that marsh mud or any kind of riéhtervale soil betranderredto the
worn hillsides

WIND-EROSION CONTROL

Aside from the Cape Cod andallingford settlers, Samuel Deane
was the onlycolonial writer whoconsiceredwind erosion afmmportant
problem for New England farmers. Even then there wem®epus
small wind-eroded areas that had toabamlonedand thatccaioned
the settlersdisconfort in times of high wind (fig. 1). "Some barren
sands consist of very fingarticles and have no sward over them. The
wind drives them before it, and makes what are cadkeud-floods,
which bury theneigtbouiing lands andences"

15
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FIGURE 1.--Blow sand on the margin of a wooded argaonnecttut

To prevent the blowing andrifting of sand, Deand6, p. 161)
recommendechedge fences as well pkartations of locusttrees.

This tree grows best in a sandy soil, and piifipegateitself in the most barren
places, where the sail is so light as to be blown away by windsh8lgring

such places, andropping its leaves on them, it causes a sword to grow over
them, and grass to grow upon them. * * * those who possess hills of barren sand
*** should not delay to make forests of these trees on spots.

Like soilconsevationists of today hereaized that black locust trees
not only reduced erosion but also provideduable weather-resigsnt
mateial for fenceposts.

CONCLUSION

Not all of Deane’s ideaegardng the prevenion of erosion were
original. He acknowkdgedthat many of them had begmadiced by
other farmers before he tried them. He was the first, however, with the
excepion of the Cape Cod settlers, to suggest measures for
wind-erosion control. His methods of plowing were tbeerunners of
the hillside ditch. He seems to have put intoradice more

16
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erosion-control measures than any otlienerican farmer prior to
1790. His book oragriculture the New England Farmeprobably
exerted morénfluenceon New England farming than any other book
published in the United States before the Civil War. It ran through a
number of editions, and was revised and "brought up-to-date" by later
agricultural leaders. It was the onsomprénersive treaise on agricul-

ture published in New England befot&00.

SOLOMON DROWN

1753-1834
A FARMER AND SCIENTIST

Solomon and William Drown, dProvdence R. |., father and son,
were joint authors of The (CompendiumAdriculture, or the Farmer’s
Guide. Solomon, the father, seems to have been chéshosible for
the book, which was published in 1824, toward the end of his long and
distinguishedcareer. During th&®evdution he served as a surgeon in
the colonial army. Later he wagrominentas a publiofficial, ascien
tist, and an author. Irecognition of hisoutstanihg scienific contribu-
tions he was appointegrofesor of botany andmateria medicaby
Brown University in 1811. Among his friends were Benjamin Franklin,
Thomas Jeffeson and otherprominent men. ( Theinformation on
Solomon and William Drownd was selected from the files of the Work
Projects Administration Erosion History Research Project,
101-2-26-186Washngton, D. C.)

EROSION AND ITS CAUSES

Througlout his life Solomon Drown retained an activderestin
agriculture but noted therogresive deteioration of the land. to which
he attributedncreasng poverty among the New England farmers. He
regarded the current system of tillage asphecipal cause of erosion
andcommented:
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Whatvermay be said to the contrary, all soils certainly suffer some degree of
deteioration by long, unremited tillage. When divested of thatothing with
which nature always defends it uhdigurbed and when turned up naked to
abide the force of the blast, the happy mediuncarfsisenceis deranged, its
bestparticlescarried away in torrents, and it is left a feefiteldon, possessg

only the faint semblance of deparfedtility. [ See Drowr(7, p.82).]

Shallowploughing, andploughing up and down hilly land, have, exposng
the loosenedsoil to be carried off by rains, hastened more than any thing else,
the waste of itéertility. When the mere surfacepslivelized modeaterains on
land but little uneven, if ploughed up and dowradually wear it away. And
heavy rains on hilly lands, ploughed in that manner soon produce a like effect,
notwithstandng the improvedpradice of deepeplougting. [ See Drown(7, p.
49)]

Not only was the soil washed away when sloping land was plowed
up and down hill, buapplicaions of manure often suffered the same
fate. The liquid parts of the manure wegartiaularly suscefible to
washing by rains and melting snows. Cow dung ywasebly most
erodble, but all animal manure was likely to be washed or blown away
if methods ofprevertion were not employedBarnyard manure was
frequently left in exposegostions on thehillside where every rain
carried some of it away. To prevent this evil, Drown advised placing
the barryard in a low place ordeclivity and the placing of gutters
around the edge of the barn roof to drain the water away so that it
would not drip on to thenanure.

Methods of tillage which caused water erosion left the land in such a
depletedcondtion that it also was subject to wind erosion. The finest
particles of soil and the humus were the first to be washed or blown
away as the soil wdsosenedby plowing.

Drown felt that the New England farmer’s distaste for so-called book
farming was based on the fear that new methods ofesmilation or
erosion control might not bgradical. Most farmers fancied that those
who wrote knew nothing about tipgadical side ofagriculture When
some new method was suggested to them, they contended that it was
impradical, or an insult to theiancesors for that it was not suited to
the area. What was good enough for their fathers was good enough for
them. Drown believed that the madsiable course to be followed
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was one to be based on a union of theorymadice.

Farmers of Drown’s day seemed to be consumed by land hunger.
They enclosed large tracts of land when they could have made just as
good or an even better living on small farms by taking proper care of
the soil. TheAmericanfarmer, having ha access to large areas of land,
refused to believe that a time would come when ferthe land would be
scarce.Nevethdess this time harl then come in New England. To
secure profit from the land, farmers hadctimcetrate on a few acres
and adopt methods feafeguardng the soil against sodrosion.

ALTER NATE HUSBANDRY
AS A METHOD OF EROSION CONTROL

Constantropping combined with bad plowing was the chief cause
of soil erosionConsegjuently, any system which would prevent erosion
and restore the soil to its formfrtility must include a propeotation
of crops.Rotdion of crops, which Drown calledltemate husbandry,
was the only way in whicfertility could be restored. He contend&d
p. 83):

Convertble husbandry, or regulaitemation’s of tillage crops and pastures and
meadows, seertherdore, to be the only system by which tFextility of the
country can be preserved and improveé¢hakver pains we takewhaever
expenses we incur, eollecing instrumentsof husbandry, imccunulating and
applying manures, and in tilling the earth; all is to little purpose, unless to these
we supeaddasuccesion of crops, adapted to the nature of gl * * *.

nAll crops were divided into two classes, tlwimiferous' or
robbing crops--som@émes called white crops--which included corn,
wheat, barley, oats, rye, and millet; and the so-cdlkglminous or
green crops, which included beans, peas, turnips, cabbages, carrots,
parsnips, andouckwheat Land of averagédertility might be kept
constantly in crops withodallowing by a propeinterchangeof white
and greercrops.
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Drown favored a largpropotion of root crops on the theory that a
rich agricultural country must be a cattle-raising country and that root
crops must be raised to furnish cattle with food during the long, cold
New Englandvinters.

Rotaions were evidently devised ireldion to the amount of soil
that had been washed awaygrawelly soil was planted first to rye and
then to cloveraltemately. The soil was plowed deeply and gypsum
applied. For a light, reddish, sandy soil Drown employewtation
consising of: First year, turnips well-manured with compost; second
year, peas with gypsum; third year, rye with red clover seed; fourth and
fifth years, clover with thepplicaion of gypsum after each mowing.
For a dark, sandy loam, which showed no signs of erosiofolibe-
ing rotation was recommended First year, Indian corn anpotaoes
interplanted second year, turnips, wheat or rye; third year, clover;
fourth year, wheat or rye; fifth year, corn; and sixth ypatgoes

If land was nearingxhausion, Drown cautioned that two white
crops should never be raisedccesively. Grass should be grown for 2
or 3 years and be followed by green cropherafter altemate
husbandry could beradiced with profit.

PLOWING TO PREVENT EROSION

Deep plowing, though helpful prevening erosion, was not in itself
enough. Thelestrutive pradice of plowing up and down the slopes
must also be stopped. In its place Drovatonmendedthe use of
plows adapted tohillside cultivation or else the Butler method,
whereby ahillside plow was nonecesary. This method was followed
"by carrying a furrow down the hill only, and binclining this furrow
to the left hand * * * inpropotion to the descent of theeclivity--and
suffeling the team. teeasendthe hill without a furrow'(7, p.49).

Drown estmatedthat this method would lessen the days work by
one-third instead of one-half, as the team would travel faster on the way
back. To this headded:
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In this way, thesteegsthill may be ploughed a single furrow left open to the
wash, except the last one, and the saving in the strength of the team, and in the
value of the crop, which will arise from the exgaodchessof the plougting,

will doubly compeatefor the loss ofime.

THE RELATION OF EROSION TO DRAINAGE AND IRRI GA-
TION

Like some of thesouttern agricultural leaders, Drown believed that
the evil effects of soil erosion might be partiatfytigatedby a system
of irrigaion, whereby muddy water or water full agedment was
turned on to eroded land. Muddy water wasogized as the most
favorableto vegdation because "besides giving thecesarymoidure,
it furnishes aconsicerable portion ofalluvial matter”(7, p.56). Water
charged with sand and gravel, however, Wwisrious Beforeflushing
a grawlly spot with muddy water, Drowmeconmendedthat the
heaviermparticlesshould be allowed to settle ir@sevoir.

The easiest way tacconplish such soilrenovation was to divert a
brook or a part of a river so that it spread its waters grassands
Drown deteminedthequartity of water to be diverted irelaion to the
needs of the soil. Sandy soils required meediment than those of
finer texture. In all cases the fall of thenveyng ditch was very slight
so that the ditch banks would not be lavished and the hmatigles of
sand would be dropped before the water was turned on the spot to be
treated. Drown found this method to be the easiesthadgstmode
of fertilizing poor land because it promotddrtility without the
expense ofmanure.

Indraining land or inconstrucding ditches designed tiorigateland,
care was taken to prevesedment from clogging the ditches. The
ditches were wide and deep enough to carry the water even in times of
flood. The sides sloped so that the cattle could not trample them down
and so that the water would not wash th&waneally the ditches were
approxmately three times as wide at the top as at the bottom and
strong-rooted grass was planted on the banks to prevent erosion and
caving.
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WIND-EROSION CONTROL

The methods focontroling wind erosionreconmendedby Drown
were similar to those focontroling water erosion except that green
manures received moemphais The plowing under of green crops
was consicered bendicial on all light soils. On landpartiaularly
suscefible to blowing, at least two crops, plowed under, waeees
sarybefore the land was planted to grddnickwheat millet, peas, oats,
or turnips were useful for this purpose but rye withagplication of
gypsum or marl rankefirst.

Cover crops wer@ecesary in many cases where the land was
subject to severe wind erosiokccordng to Drown7, p.36):

Even a blowing sand may be reduced to a loam by sopVaigier with red top
or other fibrous rooted grasses unto a sward call be obtained then dress with
plaiger * * * and mix them well with the sandy turf byarrowing.

Blowy soils were also treated with clay, peat, vegetable mold, animal
manure, or mud of swamps and ponds. Drown said tdatsng, of
clay 2 or 3 inches thick would usually make such amwitiudive but
in extreme cases, no amount of saihendnents would make it
amenable to rowrops.

On newly cleared land some trouble veapeaiencedbecause of
wind erosion if the trees and otheegedation had been removed by
burning. The wind carried away the ashes and the soil which had been
dried out by the intense heat. To prevent this, Drown ran a heavy
harrow over the land several times to raise the mold and mix the soil
undeneathwith the finemateialsat thesurface.

The ideas of Solomon Drown were similar to many others held by
contenporary New Englandagricultural leaders. He, like Deane and
Eliot, hadconsicrableinfluencenot only because of his widequain
tancebut also because he wrateluminouslyand was at the same time
a pradical farmer. His work wagontinuedinto the nexgenestion by
his son, William, whosegricultural career was nearly akstinguished
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as that of higather.

JOHN TAYLOR

1753-1824
THE UTOPIAN STATE

During the yearfollowing the Revdution, a large group asouttrern
farmersrecogizedthe dangers of soil erosion and directed their efforts
toward its controlOutstanihg among these was John Taylor (fig. 2).
Like Jeffesonand Randolph, Taylor was a Virginian. He was born in
Cardine County in 1753, was educated at William and Mary College,
and in 1787 became a member of Bfeladephia Society forPromot
ing Agriculture. He was active in latexgricultural organizationsand in
1818 wasPresdentof the Virginia Society foPromotng Agriculture
Taylor lived on theRapp&amock River near Port Royal, Va., and in
the 1780’'s purchased two large farms in theinity.
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Figure 2.--John Taylor ofardine County, Va. From Simmg30) by permis
sionof The William ByrdPress.

John Taylor was of the school of wealtigntlenen farmers who,
like Jeffeson wanted to preserve the old order agriculture He
believed that the well-being of the Nation was tadestified with the
well-being of the farmers. What was good for the farmers was good for
the country alarge.

The Utopia of Taylor's dreams was a country where the soil was
well cared for and where the farmers controlled @wermment (33,
pp.278-279):

At the awful day ojudgment thediscrimination of the good from the wicked is

not made by theriterion of sects or of dogmas, but by one whadnsttutes

the dailyemploymentand thegreaestend ofAgriculture The judge upon this
occaion has byantidpaion pronounced, that to feed the hungry, clothe the
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naked, and give drink to the thirsty, are pesportsto futurehapphessand
the divineintelligencewhich selected aAgricultural state as a paradise for its
first favourites, has here again prescribedAbecultural virtues as the means
for theadmission of theirposteity into heaven.

Thisstatenentappeared first in &eorgéown, D. C.,newpaper in
one of a series @gricultural essays. These essays were published as a
book, Arator, which appeared first in 1813, and ran through eight
editions. It was read more and had misftuenceon soutrern farming
than any other book aagriculture published before the Civil War, with
thepossble excepion of Edmund Ruffin’sCalcar@usManures.

EROSION AND ITS CAUSES

None of thesouthern agricultural leadersrecogiized more clearly
than did Taylor the havoc that resulted framcorrolled erosion(33,
pp; 172-173):

If inclosng, manuing, deep andhorizortal ploughing, wereunatendedby any
other advaniages that of prevening the land from washing away would in
many views be aufficientrecommerdation of such a system.--Thdisager is
notterminatedby thedestrution of the soil, thempoverishmentof individuals,
and transnission of a curse tofuturity.-- Navigation itself is beconing its
victim, and in many parts of the United States, Agriculture has arrived to
the insupassable state ofimpeifection, of applying its best soil to the removal
of the worst farther frormarket.

To Taylor, it seemed that mudygricultural labor was directed
toward destroyng land rather tharbuilding it up; that farmers had
applied their energy ttdraining the hills of their barren sands, for the
purpose of pouring them upon these rich valli&3, p. 245)Further
morethis "ruinous evil" had so clogged tbkamelsof the streams that
they were obstructed by debris that causmatling in wetperiods.
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Figure 3.--Erosion anskedmertation on a Virginiacorrfield.

This deplorableondtion had been in part caused by the three-shift
system of corn, wheat, and pasture, in which the soil received neither
rest norfertilizer, and wastranpled by the stock. Taylor had little
confidencein rotaions devised tamitigatethe evils of this system (fig.

3). "Trust not," he advised, "to thdelusive promises of aotation of
crops forrestoing our soil. It will aggraate the evil it pretends to
remove" (33 p. 222). Still worse was reliance orotdions on farms
entrusted t@verseery33, p.76):

This necesaryclass of men are bribed Bgriculturists, not to improve, but to
impowerish their land, by a share of the crop for one year;iragenious
contrivance for placing the lands in these states under an an annual rack rent
and aremoning tenant. The farm from sevemgladdionsto anunlimited extent

is surremeredto thetrarsientoverseerwhose salary is increasedpnopotion

as he canmpowerish the land. * * * the fees of these land doctors are much
higher for killing than forcuring.

The root of the troubleccordng to Taylor, lay in the burdens which
had been placed upagriculture by themandacturing andcommecial
class. The bankers and traders, who produced nothing andomkt
tutedonly one-eighth of thpopuation, had causedgricultural poverty
by taxaion, currency manipilation, and protedive duties. In many
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cases the higher lands were taxed, the poorerttbegme.

Taylor opposed tariffs because the best marketsadgocultural
goods were abroad and the best marketsnfandactured products
were at homeTrangortaion charges on foreigmandactured goods
gave homenandacturersenough of amdvanageon the home market.
Since the farmer who sold hiroducts abroad had to pay freight
charges and compete with foreipmodue@rs agriculture rather than
indudry should receive&sovermment protedion. But, theGovermiment
he said, was controlled by tt®emmecial and mandacturing classes
and, as a result, the farmer wagenaized As a partial remedy Taylor
advccatedthat the United States should createagnicultural board,
similar to the English, and thatarkeing agreenentsshould be made
wherebyagricultural productscould be sold abroad mopeofitably.

Taylor believed that soil erosion was caupédcipally by unjust
laws and that, unless it receivattertion from the Goverrment the
country faced ruin. Henairtained(34, p.vii):

Legidatures must begin to notice and discuss the statagsculture before
they can discover or remove the causes oftHuaerous courtenanceexhib-
ited by the soil. These causes lie concealed iriavs.

Thepopdation, furthemore was rapidlydeclinng because of soil
exhausion. Whole courties had become sterile, and the people had
come to view the country "with horror" and to "flee from it to new
climes with joy"(33, p.11).

Other causes of soil waste in the South were the refusal of the planter
to look honestly at thsituation and the tendency to place the blame for
the decline ofagriculture on the system of slavery. Tistavénolding
planters were kept from makingnprovenents'by the lazy andope
lessconclwsion, that thedestrudion of their lands, and thieregularities
of their negroes, weliacurableconsguence®f slavery"(34 p.218).
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THE TAYLOR SYSTEM AS A METHOD OF EROSION
CONTROL

Recoqizing that political and economiccondtions were not the
only causes ofagricultural decline, Taylordevebped his so-called
system of soitenovation, whereby the plantethenselvescouldeffec
tively reduce erosion. This was based on fwincipal theaies that
soil fertility was derived from the air and that tliestility could be
restoredprincipally by means of vegetable matter. The best method to
restore vegetable matter to the soil was throemgticsure whereby the
largest amount ofegeation possble was raised by penning the stock,
restricing them from the arable land, and bilizing fodder crops in
place of pasture. This system was similar to John Lorain’s system of
"soiling" described later [on pa@5].

Vegetable matter could also be restored by means of animal manure.
If the animals of the farm were kept in small pens and fed on the grass,
corn, and other forage crops, manure could be produced injjaagke-
ties espeially if all the litter, stalks, cobs, leaves, and stems were
mixed with it. These methods of sdinproving Taylor (33, pp.
224-225)oundpartiaularly desiablefor erosioncontrol.

The effect ofmanuing and enclo$ng united in stopping gullies and curing
galls, is an hundred fold greater, than the muosenious mechaical
contrivance. Land filled with roots, covered with litter, aided by buried bushes
forming covered drains, protected against the wounds of swine and hoofs, and
replenshed sex-enrally with the coarse manure of the farm and stable yards
will not wash. Under sucimanagenent the bottoms of the gullies will throw up

a growth capable afrresing whatvermatters the waters shall convey from the
higher lands, soon become the richest parts of the fieldihenddorth gradi-

ally fill up. | have longcultivatedconsicerablegullies created by the three shift,
grazing andunmanuring system, and cured in this mode, which produce the
best crops, are secured against washing by their fgréitity, and aregradually
disappeaing by deepening theirsoil.

Corn had long been condemned as a soil exhausted, but Taylor
believed that by means of this crop larger amounts of manure could be
procured. Because it produced more food for cattle and vegetable waste
to be used in making compost, he preferred it to any other crop. He
warned thatotations might mairtain fertility but that they would never
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restoreit.

Taylor’'s system did not exclude stock from all lands, but only from
those intended for crops. permaentmeadows, tooth and hoof would
not injure the tougher sod, but fields that had been laid down to grass
for the purpose of resting or sbililding should never bpastured.

Next to corn, the great soil builder was cowpeas, which Taylor
regarded asupeior to clover.Accordng to one of hisfollowers (1,
p.101)--

every prudentandholderwill provide asufficiency of the stock or cowpea, to

be sown dowrbroactastprecedhg the ploughs, say from 3 to 5 pecks per acre.
These protect the lands from the intense rays of a summer’s sun, prevent it from
washing, leave a rich deposit of vine dedf.

Taylor's system ofnclosng was tried outsuccestlly by other
farmers. He reported that in 1817 one of m sons had doubled the value
of a hilly plartation in 7 years by means abrizortal plowing, manuk
ing, andenclosng.

PLOWING TO CONTROL EROSION

As a method of turning under a large supply of vegetable matter to
enrich and rebuild the soil, Taylor favored deep plowing. This also
rendered the soil poroufacilitated subsuface drainage, and thereby
helped to prevent soil washing and guitymaion. Many of Taylor’'s
ideas on plowing were colored by his belief that as much spibss
ble should be exposed to tlertilizing eflfects of theatmasphere For
this reason he objected to a flat surface. He also stated that ridges left in
the field would serve asarriersto the water that wouldthemise flow
off and cause erosion. To reduce erosion furtheebemmendedthat
sloping fields be plowed on the contour. particularly commended
Randolph, the son-in-law of Thoma3effeson because he had
invented ahillside plow anddevebpeda system of contour plowing
that had proved highlguccestl in Albemarle County, Va. For the
origin of contour plowing, Taylocredted the highland farmers of
Scotand who had plowed in this way for over a hundyedrs.
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Accordng to Taylor, all slopes should be plowdbrizontally
whether ridged or flat broken. In case the land was thrown up in ridges
for planing, the level and sloping parts could be reverseditemate
years.

GULLY CONTROL

One of thdoremostprodems of souttern agriculture was therecla
mation of gullied land. Tayloordinaily preferred dry vegetable matter
to prevent soil washing, but in the case of gullies ankiilbsideswhere
all the topsoil had been removed, he found thatpmicaion of green
bushes was the best method. On the baséxp&iencehe wrote(33,
pp.223-224).

I have tried this vegetable manuredigewing the whole surface byaeckng it

green in large furrows ancbveing it with the plough by packing it in such
furrows in the same state and leaving it to be covered with the plough three
yearsaftewardsand bycoveing it as soon as the leaves were perfectly dry,
sowing itpreviously with plaster. Eaclexpermentof which the result isleter

mined is highlygraifying The last on nearly a caput mortuum of a galled and
grawelly hill side exhibits good corn planted over the bushes as soon as they
were covered. It is in vain to begin at the wrong end to improve our system of
Agriculture Fertility of soil alone can give successitgenioustheaies These
applied tobarremessat bestesenble culy thebeadiful calcdations of aspea-

lator, who demorstratesa mode of making fiftfhousanddollars from a capital

of an hundredhousandto a man worth only an hundred cents. The capital must
precede therofit.

Fortunatelythe soil, though thin or badly eroded, had ¢hpady to
produce bushes so that there were plesilable for manuing and
curing galls and gullies. Pine and cedar bushes not over 2 inches thick
werepreferred.

THE PREVENTION OF EROSION IN DITCHES AND ON
STREAM BANKS
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Among the forms of erosion noted by Taylor was the tendency of
streams to cut their bankgartiaularly if they turned at acute angles.
This he prevented bglaning shrutbery or green cedar trees sttate
gic points. In places the banks wereinforced by using stones or
gravel towithstandthe force of thevater.

The samerinciples were followed in theconstrution of drainage
andhillsideditches. Side ditches on lowlands where waterceitrated
wereabarmonedas well as ditches with acute angles. Tagldvacated
winding ditches that merely slowed the course of the water. As he said
(33, p.247):

side ditches arespeedy filled up. Straight ditches give an impetus to the
currentexposng a crunbling soil to a constardbrasion anddevoing the point
upon which it expends itgreaest fury to great injury. Acute angles create
strong currents and are unablenithstandweakones.

Obstrudions too heavy to be washed away by the stream were
removed. Taylor, however, suggested that streams or ditches might be
turned into low places or hollows so that thedment would lodge
there and thus level the fiel®Recogquizing the carrying power of
running water, Taylor built a canal to convey sand to a valley bottom
and thus caused the creek to regiradially into a narrowechannel.

In time of flood there was a tendency for the ditches to become filled
with sedment To remedy thissituation Taylor constructed covered
drains by first digging trenches and placing heavy poles in them. These
were covered with brush. He inclined the brush upstream at a 45° angle
and packed it in to 10 inches from the level ofsheroundéhg ground.

The brush was then covered with leaves, followed by dirt. Taylor
claimed that a drain of this type would last a hungests.

TAYLOR S INFLU ENCE ON AGRICULTURE
John Taylor was the mostfluertial southern agricultural reformer
of this time. Edmund Ruffin, writing a few years after his death, said

that almost everintelligentlancholderbecame a reader of Arator. John
Adams believed that nagricultural writer had equaled Taylor, and
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Madison andJeffesson highly praised him and accepted his word as
final on anyagricultural subject. Taylor'snfluence however, was on
the wane before his deathif24.

Taylor more than any other of tkeutlern planters expressed the
feeling of men like Thomagdeffeson-that the city was bad, the
country good. He believepatriots might be found on the farm rather
than in the city or in thiegidatures(31, p.291):

When the futurdnistarian of ourrepublic, shall search for arts pftriotism and
matter forbiography, the contrast between the heroes who hate created and the
politicianswho have ruined a nation, will afford him ample roomdghaushg

the strongest phrases of eulogy aedsure.

JOHN LORAIN

ABOUT 1764-1819
EROSION UNDER NATURAL CONDITIONS

John Lorain was an active member of Rieladephia Agricultural
Society during the years when Taylor was writing Arator. Although he
has received littleecognition for his work, he was one of the few men
of the Middle Atlantic States who actively tried to solve the erosion
problem. Few facts are known about his life. He was born about 1764,
spent the first 42 years of his life Maryland, purchased land iRenn
sylvaniain 1806, angrobebly began farming ne&hilipsourgin 1812.

He wrote 13 essays on varicagricultural subjects for thé&hiladephia
Society for Promoing Agriculture, between May 1810 and January
1814. His book Nature and Readdarmamizedin thePradice of Agri-
culturewas published in 1825, after lisath.

The ideas of Lorairegardng erosion arestrikingly similar to those
of today. He believed that under natucahdtions the soil gained as
much as it lost. This he called the balance of natureciilized man
had upset this balance and had destroyed in many areas not only the
living but also the deadegdation on which soilfertility wasdepen
dent Accordng to Lorain(23, p.518):
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Before thisincorsiderate being [man] enters the forest glade or prairy, nature
had been for agesnriching the soil for his use * * *. Théertility of it might be
preserved and increased * * * if a systemagficulture calcdatedto keep the
ground fullyreplenshedwith decayng animal and vegetable matter wamc
ticedand dueattertion were paid to thaugmetetion of live stock inpropotion

to an increase of ability, instead of the ruinpuadice of perpetal ploughing
andcropping.

Under naturatondiions erosion was for the most padréndicial.
All alluvial land came into being as a result of erosion processes.
Animal and vegetable matter was washed into the low places, and the
deep and rich bottoms were formed by thepaitions of the ages.
Since the banks of creeks and rivers have a tendency to be higher than
any other part of the flood plain, excess water collected in low places
behind the river banks during floods. In all low areas dedivities
"the winds, together with washing rains and melting snows, lodge much
animal and vegetable matt€P3, p.338).

The soil which was washed into the valleys, Loraaized came
from themourtainsand hills(23, p.347):

Now nothing can be more obvious than that valleys bounded by high hills or
mourtainsareprincipally indebted to the annudépaitions made by ages from
those hills ormourtains for the very deepoveing of vegetable and animal
matters * **,

Consguently the valleys became richer at the expense of more
elevated areas. However, nature was careful to gather and apply animal
and vegetable matter to replace that taken away sevstering and
erosion did not as a rule cause a net loss of soil. This process was
described by Lorai23, p.339)in thefollowing manner:

The animal and vegetable substances are swept away by torrents of water and
high winds, in largequartities from hill sides; morepartialarly in northerly
expasures We also see even in the lower grounds that torrents of water or some
other cause have formed wide and deep hollows. Adtatithstandng, time has
covered the sides and bottoms of them with soil and timber, the soil on the sides
of thedeclivities is often much poorer than that on #doining grounds above

them, as animal and vegetable matter gathers on places from which much of it
is washed or blownff.
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Sedimertation in valley bottoms, however, might prodesagrousif
the texture of the deposits were coarse. MBeysylvania farmers,
Lorain reported, did not want bottom lands because they inare
datedby floods, which mixectonsicerable quartities of sand among
thegrass.

THE CAUSES OF ACCEL ERATED EROSION

Destrugion of soil before man appeared on the scenengatgible.
The activities of man were, Lorain believed, the causeaofetrated
erosion. He condemned heartily the ruinous systenagsiculture
which exposed the soil to washing rains, causing poverty of soil and
thereby general poverty of the region. To him soil wastage was an
"insaiable monster, [who] like Arron’s serpengwalows all the rest"
(23, p.518). To him, man seemethexcusable and deserved to be
punished for his sins against common sense, himselposigity, and
his community.

Partialally blameavorthy was unwise use of the plo(23, p.200)
because--

this is theprincipal reason why the sides of hills adéclivities are so soon
impowerished the furrows are tomeneally formed up and down them, and
although some form them along the sides of the hill it too often happens that
this is done wrong. If the furrows have too much fall, gullies will be formed in
them, and if the fall be too little or none at allsasng¢imeshappens in part of
them while in other parts the fall is quite too great, the water will find its way
over the field and form gullies in it. The farmer too often in forming his furrows
along the side of a hill pursues a straight course without ahrigicering that

the inequaities in the surface, require, that his course should be governed by
them or the fall in the furrow will be far from beinggular.

To this Lorain added that the ruin of many fields could be attributed
solely to cardess furrowing and plowing. Among hisacquaitances
there were but two farmers who plowed in the propanner.

Although asufficient fall was required for furrows, too much was a
direct cause ofjullying and soil washing. Steep furrowagcordng to
Lorain, caused the sides of hills addclivities to be impowerished
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quickly. The furrows were togeneally plowed straight up and down
the slopes. If the fall of the furrows wissufficienthowever, the water
found its way over the fields and formed gullibsre.

The wholecropping system increased the evil edects of bad plowing.
Lorain (23, p.281) observedhat--

the injury is much thegreaest where longcontinued and severecropping
without attertion to grass or manure has not only reduced the large body of
partly dreaded vegetable substances * * * but also reduced the animal and
vegetable matter so much that the ground soon after it was ploughed, became a
compact mass unless a vegnsicerablepropotion of it wassand.

But sandy land was equally to be feared because it became an easy
prey to the wind, and unless the season was very wet the earth was
blown from the roots of thplants.

Even in the back country &enrsylvania the soil was being ruined.
Although this was caused in part by cutting of timber, Lopairtiau-
larly depreatedthe savag@radice of burning off the land. He felt that
the regularcontiruation of burning would sooner and moeffedively
ruin the richest and best of soils than any other modeasfagenent
yet proposed.

Other less direct causes of erosion were the tenant systesppthe
cation of impradical and expersive methods of soilmprovementsby
the gentlenenfarmers, theheamessof land, the scarcity of labor, the
lack of capital, thdararsient nature ofagriculture, and the pursuit of
high profits.

While normal profits wereonsigent with a sound farming system,
the desire for quick profits was tpeincipal cause of the poverty of the
soil. The mistaken idea that the profits from reatimgstockaccumu-
latedtoo slowly to befinancially pradical induced the farmers to crop
the soil yearly, with but littleattertion to grass or to increase in the
number of cattle. Thigontirued until the land became so exhausted
that rest wasabsdutely essetial for subsguentcrop produdion. By
this time the soil was greatiynpowerished the seeds of the grasses
were destroyed, and the ground cover consistedso@tering of grass

35



Early American Soil Conservationists

and weeds. Lorainealzed that thiscondtion exposed the soil to the
injuriousaction of the wind, washing rains, and meltsmgpws.

Equally to be condemned were thgeitions of some of thgentle
men farmers who paid nattertion to gain butsquarleredlarge in
order to promote some saibnsevation measure. They leveled their
fields at great expense, carried mold and mud from woods and creeks to
erodedhillsides and employed othexpersive measures. The common
farmers were todiscouagedby the total expense of erosion control to
realize that some of the measusstvaatedwere econonically feast
ble. Conseguentlyall wereignored.

Lorain felt that men like Arthur Young and Sir Humphrey Davy
were oftenunfamiliar with the prodems of common farmers and that
Young, inpartiaular, was unjust when hehaladerized the peasntsas
the mostignorant men in the world23, p. 547).Young, should have
realzed that nature was not partial in hdistribution of talents, and
that those begjuaified to makeimproveamentswere often those who
were mostfamiliar with farming inpradice, although they might be
ignorant of the rules of grammar and rhetoriEcononically sound
improvenentsmade by poor farmers received litpeblicty, (23, p.
547)but--

if a gentlenanhas reclaimed a small portion of waste land, even if it has been at
an expense which has exceeded the value of the grounds afteptbeement
has been made, we seldom fail to hear mugh of

The tenant system, as well as slave labor, was condemned by Lorain
as bad for the soil. The tenant, since he haohtezestin the land, was
apt to waste it, and the slave, being forced to labor and made to suffer
degralaion, could not be expected to emplognsevation measures.
The remedy was to free the slaves (Lorain freed his slaves very early in
his farming career), and make saihproveanent a condtion of all
leases.

Large farms and cheap land atswouagedsoil waste. Too much
land was cleared ipropotion to the capitahvailablefor improvement
Conseguently no care was taken of the land. and labor saered
over such a wide area that the farmer had little time to conserve his soil.
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Many farmers also had an idea tkatmevherethey would find a soil
which wasinexhaustible Consguently, they were constantly seeking
new areas. As Lorain said: "When the Pacific Ocean puts a stop to their
progress, it ipossble they will be convinced, that no such soil exists"
(23, p.240).

While condeming some farmers foignoranceof goodagricultural
pradices Lorain alsocriticized those who relied orerroneousand
ill-foundedtheaies devebpedby book farmers. He believed that many
of the currenttheaies were fallacious and was verycritical of such
men as Taylor, Peters, Davy, Arthur Young, and others. Heazlrait
ted that some of his own earligradices were based on ill-founded
theaies

GRASS AS AN EROSION-CONTROL CROP

Lorain was firm in the belief that grass was the best crop to ward off
the depralaions of wind and water. Inaddtion it introduced new
vegetable matter into the soil anal so helpech&irtain or restore its
fertility (22, pp.326-327):

The grasses are nature’s pabuluntaitivatedplants, and ifproperly applied,

will create good soil where it never existed before; andasithmunicatesuffi-
cient adhesion to light blowing sands, for growinfyixuriant grain crops; and
red clover, with the aid of gypsum, will in this highly favoured country, enrich a
thin soil to an almosncredble extent, in a very few years: and wlertifully
replenish the farmer’'s mows witlexcelent hay, if a proper system afianage
mentis pursued.

He incomorated grass into his system obtaions and for steeply
sloping land suggested it aparmanentcrop. In this way land useless
for cultivation could be made more or legsofitable Similarly if fields
were laid down to grass before they became exhausted fehdity
could becontirually preserved by letting a full crop of grass decay on
them as often as seemeelcesary This method ofestoing soil fertil -
ity Lorainconsiceredaseffedive asmanuing.
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Grass served to prevent erosion in several ways. It retarded run-off
during heavy storms because instead of falling on the soil with much
force, the watetrickled down gently and soaked into the earth. Under
grass the soil also became more absorbent partly because péshe
enceof vegetable matter and partly because the roots broke up the soil
and kept it loose angorous.

A moreluxuriant growth of grass could be secured dpreathg a
small amount of gypsum over the land. Lorain reported that the use of
gypsum or some other form of lime to produceesosion-resishg
vegdation cover was common iRenrsylvania. Seldom had he seen a
soil so exhausted that it would not respond to the magic of gypsum.
Where farmers spread it in strips across their barren fields, the portion
of the field which had been treated could alwaysdmogized by its
more luxuriant dark-green grass. In the other parts the grass was thin,
sparse, sickly, and light green in coldlevethdess gypsum, alone,
was insufficient Supplenertary animal and vegetable manures were
frequentlynecesary, and if the grass crop was removed year after year,
the effect of gypsum was sotost.

Lorain was an ardent believer in pastugstridgion not only because
the grass should be left on to protect and enrich the soil but also
becaus@velpaduring was inevitablyacconpanied by tranpling of the
ground. This produced a hamonalsorbentsurface from which the
manure might be washed away by the first hard rain. But to Loran,
grass itself was the chief goal because only grass could prevent "the
ultimateruin of thesoil."

CROP SYSTEM TO PREVENT SOILWASHING

Lorain’s whole system of crops armtaions was designed so that a
maximum amount of vegetable and animal matter woulshtbeduced
into the soil in order tsafgguardit from the ravages of water. He
believed with John Taylor in theadvisability of penning stock and
providng them green forage rather than pasture. This method of
feeding, which he called "soiling,"” was devised to provide an adequate
supply of manure. By this system, Lorain couétjuate the use of
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manure and apply it to the land which hi#eteiorated most. Further
more he believed that more stock, andnseuently more manure,
could be produced by soiling than pastung.

For a plot of 20 acres Lorain’s crop system was as follows: 4 acres of
manured fallow crops, 4 of wheat and other small grain, and 12 of
grass. To him théntrodudion of fallow crops in place of bare fallow
seemed a mosmportant advance. In general, he favored keeping a
cover on the land at all times except when it nesesaryto plowit.

At least 2 years of grassdinatily preceded corn, and @speially
thin land, from 3 to 9 years of grass or clover wasesary. In Mary-
land, an old friend of Loran had reclaimed land (which was so high that
it got little benefit fromwashings) by laying it down in timothy for 9
years.

Lorain appaently introducedmany variations into his crop system.
Although he said that grass and timothy together with soiling formed
the backboneof his soil-renosation program, he used ratation which
included cowpeas asm@epaation for corn, and beans to prepare the
land for wheat or other small grain. Various kinds of clover were also
used, as well as thieterplaning of rows ofpotaoes heavily manured,
between rows of corn set 8 feet apart. This latter idea came from
GeorgeWashington who had reported it to be highdyccestl.

Lorain, unlike some of hisontenporaries would not agree that any
one crop would ruin the soil. He believed that any crop couldtbe
ducedinto therotation provided it was preceded by a crop of grass or
clover, which would supply theecesary vegetable matter. Corn, he
mairtained could be grown in any soil, nekceping blowing sands, if
the ground were adequatehanured.

PLOWING
A consicerable part of Lorain’sattertion was devoted to methods of

plowing. Next to theintrodudion of vegetable matter into the sail,
Lorain consicered water-furrowng as the best defense against soil
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washing. Before the water furrows were run, the ground was to be
surveyed and the furrows openadcordng to the natural lay of the
land, even though it wemgecesaryto run them irserpetine courses.

Like Taylor, herealzed that too steep an incline would create gullies
and induce soil washing. The furrows were to be spaced from 11 to
16-1/2 feet apart. For spring grain tirgerval could besomavhat
wider, but not wide enough to permit soil washing between furrows.
The crop was sown in rowsraleling the wateffurrows.

In the system devised by Lorain, furrows here laid out in such a way
as to make the water flow through as many furrowpassble, care
being taken that they should be deep enough to carry the water. In
many cases the plow alone wasufficientand the furrows had to be
deemnedwith shovels and hoes. Care was taken to prevent the water
from concetrating at one point andreakng through the furrows in
times of excesive precigtation. To preclude such breaks, cuts were
made to release impounded water at the proper pointelimisaing
the danger oaccekratedsoil washing.

If possble the water furrows were run before the seed was planted,
othemwisethe heavy rains and melting snows tended to wash away both
the seed and the soil. When cross furrows weeesary, due to the
hollows and hills, these were opened afaning and at evergultiva-
tion.

Plowing followed the contour also, and the furrowslice was always
turned toward the lower side to prevent the water fimmakng
through. Obstrutions were removed, heights leveled, and plowing
done as evenly gsossble. The land was plowed 7 inches deep in the
fall when vegetable matter wasickeston the surface. The system of
open furrows wasupplenentedby the turning of the furrow slice in
such a way that it would form aondeground drain. As much
vegetable matter ggossble was turned under in order to make the soil
porous, thusncreaing undegrounddrainage. In this way, each furrow
slice formed areffedual undedrain moreespeially if the field had
not been pastured and the furrow slice omgdeately compressed
with the roller.Someimesdrainage of this type made the use of water
furrows unne@ssary. Lorain, however, was opposedundedrainage
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whereby the water was drained off in covered ditchessicering this
method of erosion control taxpersive and toadiffi cult to maintain.

CRITICISM OF TAYLOR'S METHODS OF EROSION
CONTROL

While Lorain accepted some of Taylotteaies andpradically all
of his recommendedpradices he condemned the ideas that &teo
sphereconsttutedtheresevoir from which soilfertility was drawn and
that dry vegetable matteonstiuted better manure than green stuff or
animal manure. No vegetablertilizer, said Lorain, was equal to
animal manure. Taylor should have noticeddtierencebetween corn
grown on land after clover had been turned under and on land that had
beenfertilized by animal manure. Even Taylor ignored his diveaies
when he found that animal manure wagesaryin growingtobacco.

Taylor'srecommerddions concering the treatment of gullies were
accepted by Lorain, whoonsiceredthemsupeior to any other method
yetdiscowred In defense of this idea Loraf@3, p.536)said:

Animal manure would soon be washed out from galledivities or gullies as
this gentlenan [Taylor] elsavhere calls them;therdore in such places green
bushes may be much maueofitably employed. Theyatually arrest at least a
part of the soil washed into them, and with it, @meicting matter s contained
in the part arrested. By this means the gullies ewertually filled and
commonly with a deep soil well stored withutriment Colonel Taylor is
certainly justlyentitled to great praise for his promattertion to gullies which
are but toageneally neglected and much land ruined by them and also for the
econonical pradice he has adopted of making the gulli®dudive, while
time aided by his verjngenious contrivances, is filling them upikewise for
doing this byemploying nothing but green bushes and srbalistwood* * *.

Lorain believed that gullies could also be e hacked lay filling them
with stones removed from meaddands.

Although Lorain(23, p.550) contended that some of Taylotlseo
rieswerefallacious heconsickeredthem, as a whole, sourgtating:
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Nothing that is capable of being used as manure seems to escape the notice of
this great economist, and almost every thing done by him seemsatre v
plishedwith the leaspossble labour ancexpense.

John Lorain’s work inPenrsylvania paraleled that of Taylor in
Virginia. Lorain, howeverreaized that the average farmer of the
Middle Atlantic States waginancially unable to adopt many of the
erosion-contropradices recommendedfor wealthylandowrers of the
South. He was the firé&émericanagricultural leader teemphaizeinex-
persive control measures by which the poor farmer, as well as the
wealthy, could conserve hi®il.

ISAAC HILL

1789-1851
THE MAN AND HIS TIMES

Isaac Hill lived when Newlamgshire was going through its period
of greaestland exploitaion (fig. 4). (Most of theinformation on Isaac
HIll was selected from the files of the WoBtrgects Administration
Erosion History Research Project, 701 - 2-233, Boston, Mass.) (During
the period when Hill was editor of the Farmer's Monthly Visitor, he
seems to have been the authorpofdically all of the anonynous
editaials andarticles) From an economistangboint he consiceredit
inevitable tha(13, p.34) --

the virgin soil of every new country must beltivatedin a manner thateces
saily leads to itexhausion, and the more fertile the soil the greater danger that
deteioration will not stop untilnecesity shall either force itabamlormentor a
change otultivation from actuakuffeing.

New England had gone through this stagdesfebpment andagricul-
turalimprovementwas vital to its economisecuity.
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Figure 4.--Isaac Hill, pioneer sodonsevationist of New Hamshire. From
Staclpole (32) bypermsion of theAmericanHistorical Society.

In spite of thehandcapsof lamenessand of a frail physique, Isaac
Hill became the mosimportant agricultural reformer in NewHamp
shireand thechanpion of erosion control. He was accused bygu#it-
ical oppaentsof being insane. At an early age, he embarked on a
newgaper career and assumed thditorship of the NewHampshire
Patriot in1809.

Hill was one of the fewpolitical leaders of NewHampshire who
became an ardeadvaateof the principlesof Thomasleffeson Like
Jefferson he believed that the most ideal country was one composed of
free lancholders Later he became a follower of Andrew Jackson. In
1829, when Jackson appointed him to the office of Comptroller of the
Treasury Depariment the Senate refused to confirm him. The next
year, however, he was elected to the United States Senate and in 1836
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was electedsovemnor of NewHamgshire In 1839 he became editor of
the Farmer’s Monthly Visitor, and it is in the files of this farm journal
that he wrote so much about the dangers ofesodion.

ECONOMIC ASPECTS OF EROSION

Although Hillrealizedthat the washing of soil from the hills into the
valley wasrespomsible for theformation of alluvial land, herecoquized
its disagrous effects upon the uplands. He quoted with aproval a
comment by a farmer named Nesm(tty, p.161) before theMerri-
mackCountyAgricultural Society at Franklin ii842.

We have here in NeWampshire many extersive farms once fertile, that
scarcely now by theiproducts pay for the labor employed upon them. Look at
many of our hill-tops, rendered entirely barren by a long coursgasfdul
cultivation, united with theordinary action of winds and rain. Do we not hear
the voice of help crying to us from sugtounds?

At the time Hill was writing, many Newampshire farmers were
emigraing to the more ferthe and virgin West. Although Cheshire and
other NewHampshire courties had suffered a decline in farpbpua-
tion from 1830 to 1840, he believed that with proper farming methods
and soil-building crops, NewHampshire farmers could make a good
living on the land of theiforefathers

Hill feared that New England might suffer the same fate as Virginia
andMaryland New England soil was less subject to erosionnbuer
thdess over a long period okxploitaion, it also would become
depleted. He agreed with John Taylor that the problemeofeamg
fertility was a national and not a local problem. In his travels he
observed soil erosiomherver he went. Whentrawveling through
Virginia to Delaware, he commented on the general &addoment
(18, p.153)-

whole districts of country have beabamonedas sterile; and he who travels

through this country in manglirecions would suppose the greater part of the
country had never been capableodduéng ordinarycrops.
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Every new country, Hill believed, passed through a cycle of sol]
exploitaion. All areas of the United States either had gone through this
period or would shortly after being put intaltivation. Richnessof soil
was no barrier against soil erosion. The lands of VirginiaMadland
and otherSouttern States proved this. New England soils, though not
so rich as Virginia land in its virgin state, were now much more fertile.
But this was n@rotedion against thdéuture.

The main cause of soil erosion oultivated land wascontirued
cropping without the return of any plant food to the soil. If man took
out of the soil more than he put into it, poverty was inevitable. A point
would soon be reached when taeploiing farmer must change his
methods otultivation and his crops or abandon hklling.

EROSION IN NEW ENGLAND

There were several types of soil erosion which Elilhsicered
Flood erosion, in which largguartities of soil were carried along by
the streams; the slower process of sheet erosion; slides and slumps,
whereby the soil was moved without tparticles beconing disinte-
grated and wind erosion, whicldevebped chiefly when the humus
content of the soil had becoraghausted.

Flood erosion and bank cutting were of gregiortanceto the New
Hampshire farmer because theconsguent sedment someimes
enriched the land busoméimes destroyed itsprodudivity. The
backing waters of a single freshet on kherrimack Hill observed, had
covered some of the land with blaskdmentto a depth of 3 or 4
inches. Where the same freshet flowed directly over the land, sand was
deposited in beds ranging from 6 inches to 3deep.

Every flood, however, had good effects because some of the deposits
were "the wash of fertilparticles from lands above." Land wamatu
rally renewed in this manner andnseuentlydid not needertilizing.
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Sedmertation in rivers was resposible indirectly for floods,
because thehamelsbecame choked and caused the rivesviaflow.
The chamels of many rivers were constantbhangng. An example
cited by Hill (19, p.23) was the Potomac ne&@vashngton where a
bridgehad--

arrested many million cords @fluvion coming down from above, partially
choking up the whole channel of the river between thaiGaatgeown. At the
time of Braddocksexpadition previousto the war of théAmericanrevdution, a
British fleet of heavy ships moored in the river ab&@eorgéown--now it is
with greatdiffi culty a ship ofconsicerablesize can coat in the waters above the
Waslington navyyard.

Hill wasinterestedespeially in theshifting of river chamelsand its
effects on the farming land. He discussed this subject from time to time
in the pages of the Farmer’'s Monthly Visitor, sayfhd, p.76):

Thesephenonenaoccur frequently on th&lerrimack where we reside and in
sight of which we are nowisiting. The high water freshets of the present
spring have made sad inroads upon our owndlhwion situatedon both sides
of the river the present spring. It pains us to see several feetafful grass
ground caving off every season, although peighbor on the other side is a
gainer of an equal amount of land to that of our tves.

Someimesthe river cutting was gradual, but in time of flood it was
greatly acceerated In one case a "river has dashed in and torn down
several rods during the past wintearrying thousandsandthousands
of cart- loads of sand’20, p.74). A dam had to be built on one side to
prevent the road from being washed away. Later the riveistraight
enedand the water was made to do the workesfoung a “"tongue of
some hundred acres to the wasie."

Bank cutting was a&hamderistic of many New England rivers
including the Connecttut and Merrimack At one point on théerri-
mack the river would float a 74- gun ship. Thirty-five years later he cut
good grass at that same point, and where he once raised corn the
"center of the river now is." He believed that no human power could
completely prevent thesdanges.
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The Merrimack had changed its bed completely in 37 years of its
history. Although much land was destroyeelgively large areas were
fertilizedin the process of soil removal addpaition. As Hill (20, pp.
73-74)said:

Much of this falling strata possesskestilizing qualties hardly less than the

best of manures. Laid upon theervalesin rich sedmentit makes the place of

its deposite gerpetially rich bearing field. In some banks theeaestportion

of sand washed down before it reached the river, where there was a chance for it
to spring up, we have measured the timothy and redtsoping five and six
feethigh.

Hill lived in an area where massovement of soils was a fairly
common phenomenon. He believed thetdslides were caused by
removal of thevegdative cover on steep slopesbsening that slides
commonly occurred after fires and after prolonged periodxoésive
precigtation. He agreed with an elderfyentlanan of hisacquaitance
who explained the causes ofaadslide on Mt. Monroe as follow$12,
p.119):

* * * the surfaceincluding the body and roots of trees having been burnt off, a
long droughtconvering what remained of the soil to extreme dryness, nod this
beconing aftewards heady from asupeaburdanceof rain, waspreciptated
down by its increasedeight.

In 1839, in an article in the Farmer’s Monthly Visitor, Hill discussed
thelandslidesof KearsargéMountain (near Conway, N. H.) which was
once covered with soil and timber. Some 25 to 30 ypagiously a
fire had burned over the top of theurtain, increagng in intersity for
several days, anttonsuning not only the dead and living trees, but
burning up the greater portion of the soil itse(ft0, p. 66). Hill
believed that this caused a slide a few years later in the spring of 1819,
when "a large mass of rocks and earth of m#musandtons was
preciptated from the top of Bald Hill,carrying trees, rocks, and sail
before it for the space of more thanréds."

The slide which mostttertion was that of 1826 in the Whitdoun-
tains Hill described how the Saco River tore a new channel through a
farm because a great mass of earth and rocks filled its old ciadnel
p.118).
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Slides came down thmourtain on the sideoppasite his [Crawford s] house
which choked the river turned its course and covered up walohbletillage
and grass ground. Rocks of great weighemwhelmedhim from above and
gravel usurped in extended space the regiorvegfdaation. Mr. Crawford
supposes that at least one half of ihisrvale ground in the simple process of
one night was covered up destroyed.

THE FORMATION OF SOIL

The role of water in thieermaion of soil, under naturatondiions
as seen by Hill, was a process whereby land teraporaily deteio-
rated at the point where the water picked particles of soil and
enriched where they were deposited. Thenaion of fertile valleys
was brought about by this process. Many valleys were once lakes
which had been filled witlsedmentso that the water was drained off
to lowerground.

The chamader of the alluvial mateial deposited, however, varied
under naturatondtions In places where rivers cut nehamels Hill
observed that a rich black mold wesmeimesundetain by layers of
sand and gravel; below this there might be a layeyuatksand that
could easily beindeminedby thewater.

Therichnessof the valleys was attributed to the vegetable matter
which had been washed down from the hills. As an example, Hill cited
a brook flowing from Kearsarg®ountain which frequentlyover
flowed anadjacentmeadow. The meadow, he sdipgrobably owes its
fertility to the sediment from thedisintegration of rocks and the soil
contirually flowing down from themourtain® (10, p. 66). He also
believed that thenourtain slopes wereriginally as rich as the level
areas, and that if erosion were prevented on the slopes, nature would
heal the wounds caused by fires, dgvasation of thevegdation, and
by contiruedcropping.
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EROSION CONTROL

Hil's ideasregardng the formaion of soil led him to believe that
subsoil plowing not only prevented erosion but also helped to remedy
any damage that had been done. On one ahussions hisattertion
was called to gully control by means of subsoil plowing by a farmer
who lived in Fairfax County, Va. The land to begin with was deeply
gullied, but after several deep and subplmivings the gullies began to
fill up.

Subsoil plowing waacconplishedby means of a plow invented by
Gideon Davis ofGeorgeown. D. C. Oneexperment with this plow
was described as follow21, p.9):

Friend Gideon Davis, angeniousplough maker oGeorgéown in the District,
visited him [Com. Jones] angitnessng his deegploughing in the hard clay of
ten and twelve inches with theecesity of a heavy team, suggested as an
improvement the use of his own invented subsoil plough with a lighter team
precedhg it turning over the more mellow surface. Since that time Com. J. has
pradised the method of a light common plough with one horse or mule
followed with the subsoil plough and two horses or mules. Hecbasrued

this atintervals upon the same ground until he hdsegnedthe vegetable
mould of his fields from twelve to fifteen and twenty inches. * Réflecing

on hisexpeaiencefrom our ownknowledgewe are able to say that the destip

ring of the soil is of great use upon every kindyofund.

Hill also favored other methods of erosion control which almost
every progresive agriculturist of his time advacated including crop
rotations the protedion of manure from the rain, and tipdaning of
steep slopes in grass or trees. He also believed in the use of muddy
water to enrich land that needfedtilization. In Massachusetts he noted
a grawelly hayfield that had been enriched in this manner. The water
was led across the field by a series of winding ditches and deposited
fine sedimentin its progress. As a result the hay crop on this field was
doubled(16, pp.110-111).
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Figure 5.--an area of wind erosion in Nelampshire
WIND-EROSION CONTROL

There were many small areas in Ndmampshirewhich were subject
to wind erosion and were barewagedation (fig. 5). Hill contended that
although the badly denuded areas were small, they wereag in
size and woulcvertually become a serious menace. His first concern
was for those spots that were most severely eroded. They were
described aél5, p.7)--

vacant naked spots of sand wherevegdation springs because the wind is
continually moving the surface. * * * Could the surface remain still, theod-

ably would besufficient strength in much of this ground feegeation. * * * It

is proved thatvhereveralocaion can be made so as to arrest and fix in any one
point the moving sand, the ground can be npaddudive.

This could beacconplishedin a number of waygjepenihg on the
locaion and facilities of the farmer. If he were located near marl
deposits, anapplicaion of marl and manure would so change the
compaition of the soil that grass and even row crops cewiettually
be grown. When Hiltraveled through New Jersey and Delaware, he
noted that farmers were using this method to prevent the land from
blowing.
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In NewHampshireother methods were usually preferred. Isaac Hale,
a farmer of Franklin, had controlled wind erosion on 2 acres of fight,
sandy land by plowing in 15€arioadsof clay, followed by a crop of
oats plowed under. Compost, lime, animal and vegetable manures, and
even sediment were also used on the sandy, "blowy" soil near the
MerrimackRiver (15, p.7).

The sand-banks of the highetervaleson theMerrimack nearest the river are
often treated as too sterile foultivation. With theapplication of no very great
quartity of compost, in a part of which slaked lime was mixed, the editor of the
Visitor has succeeded ichangng entirely thecomplexon and texture of a
portion of blowing sand. Some of this groupdrtakng slightly of thesedk
ment which somédimes acconpanies sand brought on in a freshet, sprung up
sportaneouslyin white clover and redtop. Water willowstandng where the
sand washed, have not prevented rank grass growing almossimatie

Hill preferred light, sandy land for crops because it was eagyltto
vate He was convinced that much of the "pine plain” |gvadtiaularly
that near Amherst, N. H., could enosated No one method was
recommendedassupeior to all others. The main thing was to change
the texture of the soil so that it would become stable. One farmer
hauled mud from a swamp to prevent wind erosion; another improved
"pine plain" land with mud, lime, swine manure, and compost; a third
carried manure from town stables, plowed it under and raised root
crops. All of these methods and many more Hill observed and tested
andrecommendedn the pages of the Farmer’'s MontMisitor.

To prevent wind erosion, Hill also tried variawgaions The crop
sequence to be used dependenhevhaton the degree afeteioration
of the land. For "light" land Hill found thisllowing rotation to be the
best: First year, turnips (winter) followed by spring wheat or barley;
third year, clover; fourth year, pasture; and the fifth year, a crop of oats.
For "pine plains," not more than 75 percent sand,faHewing was
reconmended In Septerber, rye and clover sowed together and turned
under along with manure in tHellowing spring; second year, corn
fertilized with plaster; third year, wheat and clover well limed; fourth
year, the clover which was allowed to remain on the land; and the
following year, a crop of oats outabaga.
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Farm owners were urged ¢ooperate by refusng to rent their land
to tenants who would not agreeaibemate"white" or exhaushg crops
with "green" orsoil-consering crops.

Isaac Hill was the firsAmerican farmer to becomenterestedin
massmoveamentas a form of erosion and to suggest that its cause was
the destrution of the naturalvegsation. He alsoconsoidatedbits of
extant informaion regardng floods, stream flow, and river-bank
erosion. Although he claimed no credit foriginaing many of the
erosion-control measures that &dvacated his approval did much to
popuarize them. He was the leader in agricultural movement that
"proved that the most barren pine plains can be made to y@idf-a
itable crop, and a fair per cent. upon capital invested in such lands, by
their skillful cultivation" (24, p.12).

NICHOLAS SORSBY

MIDDLE NTNETEENTH CENTURY
THE SCIENCE OF HILL SIDE PLOWING

Nicholas T. Sorsby was ghystian by training but a farmer by
choice. (The dates of Sorsby’s birth and death are unknown. Most of
his work on erosion control was performed between 1844 and 1857.)
He was a native of North Carolina but farmed in AlabamaMisgis
sippi. His bookentitled Horizortal Plowing andHill side Ditching was
the only one devoted to erosion conteatlusively that was published
before the Civil War. Fothree-quaers of a century it remained the
outstanihg expasition on this subject. It was published mumepus
forms--by the North Carolina Staf&gricultural Society, for which it
was first written; in the North Carolina Planter in 1858; inSoaitrern
Planter of Virginia; in theAmerican Cotton Planter and Soil of the
South in 1859; and as sepaate pamphlet in Mobile, Ala., in 1860.
The editor of theSouttrern Cultivator recommendedDr. Sorsby to his
readers as one of his mostluable contributors-as one who could
discussagriculture from expeienceas well as fronsciertific research.
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Sorsby first becamiaterestedin horizortal plowing on the farm of
his stegather near Jackson, Hinds County, Miss. It was there that, in
1834, hisstegatherintroducedhorizortal cultivation with furrows run
exactly on the level. Later Sorsby induced him to use guard drains and
hillside ditches inconjundion with horizortal plowing. This system
was adoptethrougloutthe entire 1,000-acrestate.

After obsening the opetion of his stedathers contour plowing,
Sorsby reacverything available on the subject. On the basis of ideas
derived fromJeffeson Randolph, and others, ldevebpedhis elalo-
rate system ohill sideditching and contour plowing. This he called the
mostimportant discowery of the moderragricultural era, but claimed
no credit fororiginaing it. The discowererdeserved, he said, "a place
upon the tablet of memory next to that of the father of our cou(8fy"
p.11).

Sorsby s system, which differedmevhat from that of Randolph,
wasprobably notpradiced either in Europe or in the United States until
the ningeenthcentury. Although he spent a number of years in Europe,
Sorsby neither saw ipradiced there nor saw any mention of it in
English agricultural writings By 1850, however; it was widelgrac
ticedin the South, from North Carolina kdississippi.

To Sorsbyhorizontaling was "abeatiful branch of the science of
agriculture" which had as its objectgigation, drainage andhanuing
in order that the soil and plant food might be stored and preserved. He
believed thaf31, p.vii)--

whilst thehorizortal culture and the ridge and furrow system aiteacing the
attertion and being adopted bptelligent planters and farmers itwrinciples

must be studiedcienifically and pradically and newdiscoweries in the art
applied tested and settled in the minds of men, or else there will be no end to
the diversity of opinions that may arise and lead discusionsthat may retard
theadvancenentof the newscience.

This new science, Sorsby divided into two malassificaions
leveing and grading. Each of thestassificaions was furthersubdi
vided on the basis of localariations in crop, slope, and soil type. All
had as their goal theffedive control of soil erosion and th@reseva
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tion of agriculturein theSouth.

THE CAUSES AND RESULTS OFEROSION

Water was regarded by Sorsby as the mdestrutive agent in the
agricultural system (fig. 6). It was vertliffi cult to control because it
was movable, always seeking its own level. When in motion, an
increase in the volume of the water rapidly increased its power of
destrution. Its power to erode the land wdspementon the length of
the slope, the depth of plowing, thkaacaer of the soil, and thguan
tity of water inmotion.

Figure 6.--Eroded farm lands bfississippi

Bad croping systems,cardess plowing, and poorsupevision of
labor, all contributed to increase erosion on farm lands. S¢8dhyp.
18) contended thatlanters--

trust much tmverseers and negroes and kirRfovidencefor gentle showers to
make them crops. Bulverseersmake mistakes, plowmen do bad work, and the
clouds pour down heavy rains and the soil as it were, melts and runs rapidly
away.
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The most widespread and direct cause of erosiooprdng to
Sorsby, was shallow plowing in straight furrows running up and down
hill. For genestions, souttern farmers and planters had plowed in this
manner, until the land in many areas was eroded to such an extent that
it was no longer fit focultivation. In condemnmation of suchcondtions
he said(31, p.vii):

The very sight of decay all around excites in the mind of the young man,
disgust despair dispcsition to abandon the old place, once so dear to him and
the family, now so much abused, and seek a newer and better place, richer land,
among strangers. He has no desirectitivate the worn-out old fields and
perhaps there is no new land to clear. The old method of plowing up and down
hill has much to answer for; it has driven many a young man to the South-west
and perhapegvertually to prison or the gallows who might have been a useful
citizen could he have remained at home and méigeng.

To remedy this state of affairs, Sorsbgommendedhis "system." If
the farmers would only try it they would come to wonder at their past
folly. Many farmers had attempted to mend their ways bofortu-
nately, they did not always apply theinciplesof the level and grading
culture scierifically, and the result was more erosion. An attempt to
run the rows or ditches around the hill without a level was the chief
cause of failure. If the fall was too great, the rows became gullies, and
soil along the sides of the ditches washed badly. The remedy might be
worse than thelisease.

Soerodble was much of the land in the South that srob#itrutions
or depresionsin a field weresomeaimes sufficient to start gullies,
which grew rapidly and soon upset whole drainage systems. As Sorsby
(31, p.17) said, "A mole, a stump, bad plowing, the wheels of a cart or
wagon, and other causes may break the ridges, and cause the land to
wash." Far moredestrutive were the farmers in the South who
"checked" their corn and cotton so as to be able to plow it both ways.
Sorsbynatually opposed this system, since it wiasompaible with
horizortal culture. He contended that it was one of the chief reasons
that the farmers were loath to give up their mlethods.
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LEVEL CULTURE

Level culture, as the namiadicates required that rows be run
exactly on the contour. Sorsby described in great detail how this could
be donesciertifically by means of a "level." His level was similar to
that used by Randolph addffesonand consisted of miangular frame
with a line and plumb suspended from the apex. When the legs were set
at exactly the samelevaion. the line fell exactly on the middle point
on thecrospiecethat held the legs of the frame together. The level was
calibratedso that the plumb would fatippcsite the 1-inch mark on the
crospieceif one leg were placed an inch lower than the other. If the leg
were placed 2 inchedowrhill the string felloppcsite the 2-inch mark
on thecrospiece By means of thisnstrumenta row or a ditch could
be run on the level or could he given any desiedient

To run a row on the contour the level was placed on the side of the
hill so that the string fell on the zero mark. A stake was driven at this
point and then the level was stepped across the hill by placing one toe
of the frame where the other one had been. Stakes were driven at each
point to mark the line of the furrow. Several guide rows were run at
intervals across the hill and the other rows were run between. It was
not, of coursenecesaryto use the leveler for eveigtermediaterow.

This system of running rows exactly on the contour Sorsby believed
to be the best and only systempoévening gently rolling lands from
washing. It worked best on porous, sandy soils and wasdat@g$ac
tory on wet soils. It was nadvisableto use it on fine, closenaious
marly clay soil resting on eetertive yellow clay subsoil. Suchondk
tions prevailed in théblackack, post oak, and hickory ridges of Hinds,
Madison, Yazoo, Carrol, Holmes, Warren, and otlkeurties of
Mississippi. Level culture, also, was natapableto the compact red
and yellow clay soils of some hilly lands or to the blue and white clays
of thelowlands.

By use of the level method of plowing, Sorshgirtainedthat soil
washing was stopped and droughts were prevented because all the rain
water was absorbed and held in storage, causing equabraadydtion
all over the field. In many fields, however, leweiltivation required a
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multitude of short rows whichnecesitated many turns of team and
plow, and caused a great waste cobgdand and time. It also took
constantvatchfulnessand labor tanairtain thesystem.

There were severahriations of the level method ofultivation. It
might benecesary, in certain cases, to protect the rows with a guard
drain, partiaularly if much water wagoncenratedat any one point in
times ofexcesive precigtation.

Guard drains Sorsby defined as shallow open vehigmels made
with a plow or hoeaccuately laid off and directed across slopes to
carry off excess wateHlill side ditches were similar but deeper and
closer together. They were laid off on a steeper grade and were
intended to remove a greater amount of water. Both were constructed
with the aid of a level so that they could be givemedinite and
uniform slope.

Where it was foundhecesary to install a system of ditches in
conjundion with the horizortal rows, Sorsby employed a second type
of level culture, calling it "level culture with guard-drains drilllside
ditches." Thehillside ditches were given a slight grade but the rows
were kept exactly on the contour. This resulted in many short and
curved rows because the rows were not panalel to the hillside
ditches. Rows run on the contowypplenentedby hillside ditches,
were consicered best for closdenaious clay soils, because with the
hillside ditches the water did not break over the ridges and diown
hill carrying soil with it. Someimesit wasnecesaryto curve the rows
up or down the hill or throw ugmbanknentsat certain points to
prevent impounded water frobmeakng over andstaring gullies.

Although the level method, withariations reduced soil erosion it
was not always conducive to the best crops. This is one point that
Sorsby mentionetepeatdly. It waspartiaularly true of cotton because
too much water was held in storage. Sorsby believed, however, that the
presevation of the soil was mor@mportant than maximum crop
produdion. Also, if much soil was eroded, crqmodudion would
inevitably decline to still lowelevels.
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To Sorshy, level culture seemed the best method not only of holding
the soil but also ofestoing exhausted lands. If manure was applied to
a leveled field, he felt that there was little chance of its being washed
away.

THE GRADING METHODS

On some types of soil and on many fields where the slope was steep,
level cultivation caused too greabncetration of water. In such areas
it was necesary to install rows with a falkufficient to drain off the
excess water without causing the soil to be removed also. Although the
grading methodntroducednew erosion hazards; Sorgadiced it on
his brother’s farm irMississippi and found that it workedfficiently if
adequate care were given to tequirementsof slope, drainage system,
and type of soil. He gave his rows 1 to 3 inches fall in each step of the
level and also ran shdrttervening rows which were plowed on a level.
In commening upon this system he sgi@ll, pp.12-13):

[tm]The grading method is the safest as a general rule for the
culture of cotton, and can be pursued to gaelvtariageon many
soils that could beultivatedwell on the level method, when one

is willing to lose a little soil to make a better crop,dygining the
land.

There were fouvariations of the grading method. In the first a slight
grade was given to the rows, but sapplenertary ditches were
required. In general, this method was best suited to close, clay soils.
Accordng to Sorshy, the method whsaudiful in theory budiffi cult in
pradice, because on some fields no grade wasesary, on others,
severaldifferent grades were required; and on still others, the type of
soil varied so greatly within a field that it wafi cult; to detemine
what slope was needed (fig. 7). The rows wezeesaily irregular in
length and the turning of water from short rows into long ones was a
source of danger because it might convert them into gullies. Since it
was impossible to prevent soil from washing completely by this
method, Sorsbgonsiceredit advisaableto combine it with levetulture.
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Figure 7.--Sorsby’s plan fadiversified erosion control on a 45 acre plot: 0,
Straight rows run by the eye; 1, level culture; 2, level culture with guard drains;
3, grading method No. 1; 4, grading method No. 2; 5, grading methagl No.

Above a gully headufficient slope was provided if the level were
set so that the plumb fetlippcsite the 1-inch mark of thgradiated
crospiece The span of the level was about 15-1/2 feet. If a main ditch
wasnecesary, the rows were not emptied directly into the ditch. Either
a drain or twoparalel rows were rurparalel to the ditch so that the
water would drain offjradially. Sorsby seemed unaware that priac
tice also might causgullying.

Sorsby’s second method of grading required that ditches and rows
should have the same fall. Usually a drop of from 1 to 2 inches was
given for each step of the level. The main rows wereapproxmately
5 feet from the drains and th@ervening rows were run on the contour
to reduce soil washing. The ditches wapproxmately12 inches deep
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and 15 inchewvide.

In the third method of grading, a slope was given to the rows so that
the water would empty directly into tdl sideditches. The drains and
ditches requirecconsicerable fall to work efficiently and had to be
constructed with great care. In laying off the rows, the level was set at
the 1-1/2 inch mark. There was great danger of washing with this
system, but it worked well on clay uplands émdlands.

Sorsbhy’s fourth grading method employed the old system of plowing
rows up and down hill, but these rows drained into a seribdlside
ditches with a fairly steegradient When applying this method the
plow had to be raised, durirgltivation, whereverit crossed a ditch. It
required deep broad ditches with a fall of from 3 to 5 inches in each
step of the level. On many types of soil, washing was inevitable when
this system was employed amdnseuently its utility was limited.
Plowing andditching of this type were never to be employed if the
slope were steep but provegeneally satisactory for rich lowlands,
slightly rolling uplands, and the prairie or lime lands of Alabama and
Mississippi. In all cases, it was better than the old method of plowing
up and down hill without any regard fsliope.

There were severdisadzantagesto all the grading methods. If the
ditches or the rows were badly constructed, they would choke up and
the water would cut the land below them into gullies. If there were too
much fall, each row or drain might be converted into a gully and the
land below covered with sand and washed fatrove.

GALLS AND GULLIES

Reclanation of gullied or galled land required tlasdute abardon
ment of plowing in straight rows running up and down hill. Sorsby
defined gullies as "opemater-chanels caused by rain water agdre
lessup and down hill plowing." To this he added, "They are hideous
objects to the eye of aciernific and pradical farmer, and should
receive thecondenmation of all goodhusbandhen” Galls were defined
as"abrasionsof the soil, by rain wateemovng the soil of clay lands
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long cultivated by the old wash-away method, and leaving the clay
exposed'(31, p.24). These he described as land sores, ofistdent a
chamder that they were hard teeal.

A contributory cause of gullies and galls wasrdess horizortal
plowing, in which the planter merely guessed at the contour line and
trusted to his eye rather than to a level. Sorsby described the work of
one horizortaler on a basin-shaped field. This planter rode a horse
around the curve of the hill, with a plowmtmlowing his course. Only
a guard drain located above the field saved it from being completely
ruined by gullies and galls. This example Sorsby call&doaizorntal
farce." But everhorizortal cultivation with the aid of aninstrument
caused erosion if the fall were too steep. With a proper fall, however,
ditches might be used to convey sand for gully filling or to spsedd
mentover galledspots.

Although the grading system, whproperly applied was amffec
tive method ofstoging gullies and gallsyariations in grade revere
necesary because of locabpographicdifferences In laying off rows
and construding guard drains andiillside ditches, Sorsbyonsicred
their relation to exising gullies. Guard drains were always constructed
above the heads of gullies. Theanstrution was described as follows
(31, p.37):

To lay off the second drain, we commence at the head of the gullies, because
if we commence at the fence, the drain might not pass them at that point, and to
stop all breaks, gullies and washes, we must remove the cause first, and the
cause is usually above themmencment andsoméimessome distance to one
side of the break. It requiresskillful eye to detect some¢imes We commence
at the gullies and give two inches fall, and proceed to the south fence, and at the
fence we give three inches the last span, to prevent the mouth of the drain from
choking with trash andand.

To cure galls, Sorshy plowed deeply in the spring and sowed
cowpeas, which were plowed under in the fall. This was followed by
rye sown in the fall and plowed under ttedlowing spring. If stalks,
leaves, and other vegetable matter were also turned under, Sorsby
predicted that &tolerable" crop of corn or cotton could be raised from
such land by the end of the third year. Such land should always be cut
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off from the rest of the field bkill sideditches.

Subsoil or trench plowing was another aicbiinging galled land
back to life. Because the soil wim®sened less water ran off the field
and the subsoil was enriched by Hudiion of vegetable matter. If the
subsoil was sterile, it was nabnsicred advisable to trench plow.
Instead a subsoil plow was run in the furrow made by a turning plow,
so that only a little of the subsoil would be brought tostindace.

Gullies received specitdeament from Sorsby. A few days before
the work ofhorizontaling was started, gullyeclanaion began. The
chamels of small ormodeately sized gullies were filled by hand with
shrubs, pieces of rails, turfs, or other waste matter. Earth was packed in
on top and the surface leveled. No gully was ttoberatedeither along
fence lines or olghlartation roads.

For larger gullies more work wacesary Every 20 paces stakes
were driven down and oak boards placed against them to hold back soil
and water. The trash packed behind this dam included corn and cotton
stalks and pine tops with the branches directed uphill. Each side of the
gully was then plowed and the earth thrown intdhiereafter the rows
were curved in such a way that as little watepassble wasconcen
tratedin the oldgully.

Gullies that had grown snomouspropotions presented thgreat
estdiffi culty. Heavy logs were piled into a ditch dug across the gullies
until the top log reached the top of the bank; then heaatgial was
packed in, and back of it trash and diill side ditches were then
constructed in such a manner that dirt and sand would be deposited in
the old gully. A crop of peas, rye, or grass sdwoadastcould be
relied upon to hasten the work i@ clanation. In 1851, Sorsby told of
stopping anenomousgully in 2 years byapplying thistreament

EROSION CONTROL AND DRAINAGE
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The drainage ofelatively level land was, in Sorsby’s opinion, an
integral part of the problem of so@onsevation. Principles similar to
those used in erosion control were employediaining Care was
taken indetemining the fall of the ditch, itgapadty, and the measures
to be adopted to prevent erosion along ditch bagdqsgially at turns.
Since Sorshyrecoquized the variations in the carrying capagy of
running water, the fall of the land wascetainedbefore otheopeie-
tions were started. Hestimatedthat a fall of 1 foot in 70 would move
pebbles; 1 foot in 400, coarse sand; and | foot in 1,000, fine sand.
Therdore, hereconmendeda reldively slight fall of 8 feet per mile,
provided the channel could be kepten.

The ditches were kept nearly straight and the fall as sligiissble
because crookedhamels and steepegradentsincreased the erosion
hazard. Land subject tmundations in the spring or fall, however,
required deep and broad ditches with the fall as great as couaidibe
tainedwithout causin@cceératederosion.

The texture of the soil was alsonsiceredin the prevertion of
erosion wherdraining land. Some soils, becausenoéchaical texture,
were closer and more disposed to retain water than others. Water
flowed more freely through gravel than sand, and through sand than
clay.

PLOWING

Deep plowing, trench plowing, subsoil plowing, and the
ridge-and-furrow system were used by Sorsbgdnjundion with his
system of contour plowing artdllsideditching. The ridge-and-furrow
system had thadvaragesof breakng up the soil crust angermiting
water to enter the subsoil, ekposng a greater surface of the soil to
the sun, of making the land easier to work, ang@ref/ening the soil
from washing.Consejuently, the ridge-and-furrow system became an
important part of Sorsby’s farming program bbrizortal culture. This
pradgice was and is still commorthrougtout the South. Sorsby,
however, preferred shallow plowing and flat beds on loose sandy
ground or wherbreakng newland.
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Deep plowing waseconmendedespeially for hard upland clay
soils, "bald" prairie lands, and for wet bottom lands. The height of the
ridges, of course, depended on the crop, the type of soil, and the
method ofcultivation. For corn, flat ridges were best on dry lands, and
high ridges on lowland$/oderately flat beds were preferred for cotton
grown on newly broken ground, poroakuvium, and light sandy soil.

On clay lands, high ridges and narrow, deep water furrows nesies
saryto prevent erosion. The beds varied from 6 to 14 inches in width
and from 3 to 4 feet from crown twown.

In sowing small grain after a tilled crop, Sorsby retained the
water-furrow system by sowing on the stubble and themwing four
or five furrows into a land. The stalks were plowed out with a shovel
plow and removed from theeld.

Subsaoil plowing, also, was @#mportant part of Sorsby’s system. He
believed that it wadifficult to horizortalize succeshlly without
subsoiing because of the hard layer of soil which frequently lay
beneath the surface. Ditches could nodbepnedsufficiently unless
this layer of soil was broke31, p.23).

The subsoil plow aids very much therizortal culture bybreakng up the
hard pan, the gutters andegroundwater furrows, galls and gullies, on clay
lands; it opens, deepenpulveiizes the subsoil, drains the surface soil by
sinking the water, anéxtendng the area of air, manures, and the roots of
plants, and thuprodudng a decidecameliaation of the soil andgubsoil.

Subsoiing was performed on all land in the spring or fall, usually
with a 2-horse subsaoil plow, followed by a turning plowcanmrfields,
the land might be subsoiled by running an open furrow with a scooter
plow andfollowing it with a subsoil plow. On grain land, the subsoil
plow was run in the old and new water furrows. Sorsby believed that
subsoiing wasnecesaryon all galled, gullied, packed, or wdand.

Sorsbhy’s system odfiorizorntal plowing andhillside ditching was
widely pradiced througlout the South after the Civil War. Although
his book had greahfluence his exhotations did not preventardess
hillside cultivation that caused rather than prevented erosion. The
system was in many cases toamplicatedfor the pradical farmer to

64



Early American Soil Conservationists

apply properly. In addtion, no one man in a singlifetime could
develop methods otultivation adapted to all thevariations in soil
climate, andtopogaphy that occurred in the South. This task Sorsby
left to hissuccesors

EDMUND RUFFIN

1794--1865
GENERAL CONDITIONS OF SOUTHERN AGRI-
CULTURE

Soutlern agriculture reached a very low point at the close of the
Napoleonic wars. The Peace of Ghent, whielminated the wars,
ruined the foreign market for grain. Farm after farm in the South had
become worn out and gullied. The ruinszhdtion of the Waslington
and Jeffeson estates was typical of mamjartationsin Virginia. The
early efforts of reform had failed, ttagricultural societieswere dying
out. Slavesnultiplied in number and became a burden, land azem
doned and there was general poverty aednoslization.

Although there had been soingprovementsin agricultural equip
ment such as the iromoldboard most farmersontirued to use the
old wooden plow, running shallow furrows up and down hill. There
was littlerotation of crops, and clover and other legumes failed on the
eroded and acid landSonseguently, the supply of manure was cut and
fertilization in any large measure wampossible.

The planters were being forced to pay for the ruinous tobacco
economy, the whole object of which wasmediate great yields
regardessof conseuence The scarcity of capital on the one hand and
the cheamessof land on the other wersubstatial causes of the
long-contiruedexploitaion of thesoail.

It was under sucbondtions that Edmund Ruffin started farming in
1813 (fig. 8). Although he was destined to play a large part iadhe
culture of his country, he was at that timmfamiliar with both the
theory andpradice of farming. Born in 1794, of wealthy parents, he
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had received theustonary gentlenaris educ#ion, having been sent to
William and Mary College at the age of 16. His record in college was
not notawvorthy, except that he was suspended becaugetértion to

his studiesNevethdess it seems that he had becomeocduminousif
undigiplined reader. He stated that he had read a bulky four-volume
English work on husbandry and othegricultural books before his
affairs required his removal to his father’'s farm at Coggin’s Point on
the James River in Prince George County, Va. He remained there for
some yeargxpeimening principally with mineralfertilizers

Before Ruffin had farmed many years, he became convinced that the
poverty of Virginia was caused in large part by man-made soil erosion.
He believed that under natu@ndtions the soil tended to grow better
all the time and that under the currerhausng system ofagriculture,
it tended to grow pooréR8, pp.331--332).

When ourancetorsfirst reached this shore, nearly the whole country was in
a state of nature. The savages had cleareduttivation but a few fertile spots
on the banks of the rivers, all themairder of the land was under one great
forest. The streams had not been obstructed by the cutting down of trees across
their beds, (by which in many cases streams have since been choked, and
swamps thereby formed, or greatly extended.) No dams had obstructed the free
and regular course of the streams, dretdore no greatartificial floods were
formed. The soil not having beenltivated was not exposed to be washed
away by the rains into the rivers. The wattherdore were geneally clear,
instead of beingeneally muddy, as since all thesé&rcumstanceshave been
changed.
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Figure 8.--Edmund Ruffin of Virginia. From Craven (4) fiigrmision of the D.
Appleton-CenturyCo.

AGRICULTURAL AND ECONOMIC CAUSES OF EROSION

The river valleys were first cleared by tRergpeanswho settled
Virginia in thesevereenthcentury. They were tilled withowess#on
for many years, and, when tpepuation increased to such a point that
rich bottom land became scarce, ttleaing of the slopes began.
Tobacco was first planted on the hill land, then corn for 2 or 3 years in
succesion, and aftemwards corn and wheat weraltemated Between
harvesing andplaning times the fields were exposed to close grazing.
This system,accordng to Ruffin, was pursued as long as the land
would produce 5 or more bushels of corn to the acre. When the land
became exhausted or badly eroded, it alz@mdonedand soon became
covered with trees. After 20 or 30 years, the land was again cleared of
pines, and the same round exhaushg land use was begun all over
again(26, pp.36-37).
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This system of farming wadominated by clean-cultvated row
crops, which were thgreagestdirect cause of erosion. As Ruff{@5,
pp.97-98)said:

But still there remains impestion one of the surest causes of washing in the
almostperpetial recurenceof ploughed crops either corn or cotton by the clean
tillage of which the land is kept always in tbendiion the best adapted to its
being washed off byains.

Theprincipal natural causes of erosion were slope, hgaegipta
tion, and the nature of the soil. Ruffin claimed that the farther south one
went the moreconcetrated and intense theainstorms became. In
South Carolina, he said, the lackaifthesion betweenparticles of soil
rendered the landsxcepionally suscefible to gullying and washing
by heavy rains. This, combined with the hilly surface ofRremont,
injudiciousplowing, and neglect of grain crops solnoadast caused
anenomouswaste of soil byvater.

No lessmportantas a cause of erosion was bad fananagenent
The largelandowrersof Virginia had from théegiming delegatedthe
diredion of theirplartations to overseers frequentlyignorant men who
neither knew nor cared about soil waste. The South, Ruffin felt,
suffered more from soil waste than the North because gblémsful
labor supply. Where labor wasenrtiful, crops that required a large
amount of labor would be growrlTherdore, the South produced
tobacco, corn, and cotton; whereas in the North, where labor was
scarce, more grass and hay crops were raised. These crops helped to
preserve the soil fromestrutive washing byrains.

In any new country one of the chief causes of erosion j{denteude
of land. Thiscondtion, which has existed ipradically all parts of the
United States at one time or anothencouaged land exploitaion.
Ruffin attempted to disprove the fallacy that it vpmsfitable to waste
land. He contended that a man might reduceptbdudivenessof his
land by half in a singléfetime. He emphaizedthatdestrution of soil
had results that went beyond persdnggrests It reduced moraintel-
lectual, and sociahdvartages
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Anindividual, however, might increase his private fortune by raising
succesive and profitable crops of tobacco or cotton until his profits
exceeded the initial cost of the land. Ruffin was quick to point out the
danger of such a ruinous system bympamg an assiation of
farmers to a joint stock company. A company that paicddendsfrom
its reserved capital fund wouldvertually become bankrupt. This
would, of course, beonsickred the "mostmarvelous folly." Such,
nevethdess was the systemeneally pursued by theultivators of the
soil in all thecotton-produing States. Ruffif27, p.6) alsonoted:

Therecperative powers of nature are indeedntinually opeiating and to great
effect to repair the waste @értility caused by thdestrutive indugry of man,
and but for this natural anidhpeffect remedy, all thes&outtern states, and
most of theNorthernlikewise would be already barren deserts in whagnicul-
tural labours would b&opéessof reward, andivilized men could noéxist.

The FederalGoverrment controlled by bankers anspealators
indirectly discoungedall efforts at soilconsevation. It hadpenaized
agriculture by tariffs, by inflated currency, and leypcouagng speaila-
tion. Accordng to Ruffin (26, p.x):

whereverthefraudulent paper system shad he completely exposed and entirely
exploded, then both lands and the paper-money system vefitbeatedat their
true value. May theonsunmation be speedy complete afidal!

The impoverishment of lands causedouttern farmers, in ever
increagng numbers, to go west in search of virgin lands. It was
reported that there was scarcely a farm in eastern Virginia that was not
for sale, and Ruffin himself, after trying John Taylor's system of soil
building for 6 years, observed that he had better give up and join the
host that was pushingest.

While thepopudation in large areas of the South declined, Ruffin
noted that thg@opuation in the North wasncrea#ng. Northern politi-
cians in his opinion, were gaining aontroling influence in the
FederalGovermiment which aided the North iexploiting the South.
Ruffin’s great dream was to makepibssble to reclaim the sterile and
eroded lands and thus save the South from economic, as welitas
cal, disager. He attacked the problem of sodjuvendion, soil build-
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ing, and erosion control not only aseaiertific farmer but as an ardent
Soutternet

SEDIMENTATION

Sedmertation was one of the most serious results of erosion. It
blocked the streanchamels increased the danger @iboding, and
often ruined fertile lowlands. Ruffi(28, pp.19-20)maintained

Bottom lands * * * in their natural state, must have presented scenes of
remarlable beauty. The clear stream, not as yet choked by the earth washed
from cultivatedhigh land, and rarely obstructed, flowed in a deepraedrer
ing channel * **

When theneighboring higher lands, anéspeially the bordeing hill-sides,
were cleared andultivated and their soil and even the sub-soil in many cases
were washing down with every heavy rain, then commenced the ruin of both the
natural beauty of the bottoms, and much of theailablevalue forcultivation.

Theformaion of swamps as a result atcekratederosion and the
conseuentclogging of river beds claimed much of Ruffinattertion.
He believed thasedmertation was disagrous in South Carolina not
only to agriculture but also to health by causing malaria and other
diseases. These evils Ruffin attributed to itteesantandinjudicious
use of the plow, which had caused soil to clog the small streams and
upset the drainage of many of the larger or&sdiment had been
deposited on theegdation, and in some cases even trees had been
killed. This wasparticularly true in the middle and upper districts of
South Carolina. Thsituation was augmented ligjudiciouslandclear
ing. Trees and othevegdation were thrown into the streams, often
causing them tovefflow.

The effects ofsedmertation were notnecesaily adverse. The
Roanoke Valley was an example cited bv Ruffin of #dricling
effects ofoverflows. By contrastMarlbourne the farm inAlbermarle
County, on which he settled in 1844, had been badly damagsedby
mentwashed in by floods. In other cases he noted that "lands have lost
much soil, and even sub-soil, by the recent washing damlidng
action of the strong currents of the high fresi{g9; p.3).
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STREAM FLOW AND EROSION

Ruffin’'s concern with floods ansedmertation led him to make a
study of stream flow. He worked oprinciples of stream flow and
erosion which ho felt would apply to streamsmiourtainousareas. A
stream in a hilly region rolled sand along in its channel at all times.
During floods, theavailable supply of earth and sand increased. When
the streamovefflowed, its speed was retarded. Theavest particles
were deposited in the stream bed and along its banks, thenfaeial
being trangortedfarther inland. Thus, the beds and banks of streams
had a tendency to become higher thanatjgcent flood plain. Then
the water sought a nestannel.

Alluvial lands tended to become level because the depositedhd
mentssought out the low places. The saprenciple opertedin the
stream beds. The rapidly flowing water washed away earth and carried
it to a lower level, where the stream flowed more sloBiynilarly, if
any part of the channel was blocked, tredodty of the water was
decreased and the area behind dhstru¢ion accunulated sedment
The flowing water tended to cut the channel deeper, but in cutting it
accunulated mateial that was later dropped. Then both tradent
and thecarrying power of the stream wereduced.

In drainng swampy land Ruffin applied these laws of strdzhav
ior. The failure of many drainage programs he attributed to a neglect of
the laws of natureDifferencesin soil texture were also explained on
the basis of theegrgaing action of running water, due thfferences
in the rate oflow.

OTHER TYPES OF EROSION
On lands not subject fitooding, Ruffin recogized the danger of
sheet washcommening on the fact that in many Virginia fields the

entire topsoil had been removed. Sheet erosionespeially pernk
ciousin its effects, because tlfertility of the soil in most areas in the
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Tidewater section was confined to the top 3 or 4 inches. He noted that
"the washing away of three or four inches in depth exposes a sterile
subsoil (or forms a 'gall’), whictcontinues thencéorth bare of all
vegdation" (26, p.86).

There were many of these spots in the South where sloping land had
beencultivatedfor a long time. Some types of soil, Ruffiecogiized
were moresuscefible to erosion than others, but on any one type the
rapidty of soil removal by water wasropotional to the steemessof
theslope

Ruffin's interestin soil erosion wastimulated by expaienceon his
farm in Albemarle County, Va. Much of it was hilly and, having been
row-cropped for many years, was badly eroded. It was here that he
began to make his soil tests. Early in mgedigaions he found that
the subsoil was usuallyworthless and that soil washed from gullies
tended, inconsguence to ruin fertile land on which it was deposited.
A few subsoils would produce crops, but this \@asegional.

APPLICATION OF JOHN TAYLOR'S SYSTEM

Ruffin was among those who tried Taylor's methodsulfivation
but found they were not adapteddondtions on hisplartation. Some
of Taylor’s ideas, however, he accepted and othermdeified. He
believed in green manure both atedilizer and as an erosiqoreven
tive, but estmated erraneously that three-fourths of théertility of
green plants turned under came from the air and one-fourth from the
soil. Thus, if no othedestrution were in progress, green-manung
crop would have given back to the soil three times as rfardhty as
it had taken out. Ruffiquegioned Taylor’'s idea that manure should
always be turned under. Taylanaintained that thefertility would
evamrate if the manure were left exposed but Ruffin suggested that
warm spring rains would carry tHertility down into the ground. For
some soils, such as Taylor’'s fertile acres on Rapp&aamock he
reconmendedthe system in itsotality and for all soils, thapplicaion
of some features of Taylors/stem.
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LEGUMI NOUS COVER CROPS

When Ruffin began farming, clover wesnsiceredto be the most
enrichting of theleguminousplants. He tried itepeagdly on his sterile
and eroded acres at Coggin’s Point and after nfhyres"abardoned
ashopdessall attempts for an extended clover cultu{28, p.126).He
wassuccestll, however, after he begapplying marl. In some cases it
grew so rank that machines could notitut

For soils that were not acid Ruffin later found that cowpeas were as
good or better than clover for erosion con{&8, p.407):

There is also greatly wanted in the cotton region (thaundbrtunately few
plantersrecoqnize the exigenceof that want,) some broad-cast crop that will
suitably precede omltemate with cotton, and which will act well for all the
bendits of rotaion, including the defendng the land fromexhausion, and the
washing away of the soil, (on hilly surfaces,) by heavy rains. Broad-cast peas
seem to offer all theondtionsrequired.

Ruffin was certainly not the first to raise peas, but he seems to have
been among the first to claim that this crop would control erosion.
While visiting in South Carolina, he firgncouteredpeas growing on
the farm of John C. Calhoun, and when he moveMaodbournehe
beganexpermening with them on a small scalBecomng moreinter-
ested he tried all types of peagporing: "I am now riding a pea
hobby."

His peaexpermentscaused him to alter his earligtation, consist
ing of corn, wheat, clover, wheat, and pasture. In its plaqeddiced
a six-field system: First year, corn with pea®macdast and plowed
under; second, wheat; third, clover for hay; fourth, clover grazed and
plowed under; fifth, wheat; and the last year, pasture. His main idea in
this rotaion was that each crop should prepare the land for the one
which followed. He also aimed at a maximpnodudion of wheat as a
cash crop. Using this system, he found negro slave labométable
in presening the soil as it had formerly beenproftable
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Ruffin’s efforts wereinfluertial in causing an increase in pea
growing througlout the South. In 1848, he wasaified to learn that
the pea fallow before wheat or corn waseataltished pradice on the
lower Roanoke and oflbemarleSound.

THE THEORY OF SOIL FERTIL ITY

Ruffin’s expeirments on his farm at Coggin’s Point led him to
believe that on slopingsultivated land only acalcar®us soil could
effedively resist erosion. Where soils were mardcareus by the
applicaion of lime, he said36, p.164)-

a chenical combhation and bond of union andoheenceis formed between
the lime and th@utregentor organic matter, and of both with thiéiciousand
argillaceousparts of the soil; whiclktombination is able to resist any but an
unusual force of the washing actionrains.

Furthemore as a result of liming "grass grows more kindly and
rapidly, and by its decay the vegetable moulcbistirually augmented,
and thereby the power @ésising washing is still more increased."
Ruffin noted that in a few years after marling anadnuing an eroded
hilly field, many of the old gullies began to produemgdation and that
new soil was formed from the deaégedation which he had placed
there.

The power otalcareussoil to resist erosion was a part of Ruffin’s
theory of soilfertility. On naked subsoils, there was nothing to combine
the vegetable matter with the soil ambnseuently there was little
cohesion between theparticles Soils tended to beconsamfluid and
were washed away even by gentle rains. A hard rain was much more
damagng.

Ruffin did not subscribe to th@evdent theoryregardng soil fertil-
ity, which held that there was a fixed amounfesfility in the soil and
that each crop would reduce sbmeavhat until evertually the soil
would produce nothing. He believed thratually poor soils differed
from natually rich soils which had been made poorduftivation and
that the capady for improvement was directly propotional to the
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degree of naturafertility. This fertility was, he believedprimaily
depenlentupon thepreenceof a propepropotion of calcar@usearth.

He believed thatarborate of lime actedsomevhat as a catalytic
agent inbringing about certairchemcal combnaions which unlocked
thefertility of the soil. The use of marl also corrected soil acidity and,
while hasteing deconposition, assisted in theresevation of organic
manures from loss of the gasequeductsof deconposition.

Ruffin was the firstAmericanto reject publicly the idea that soils
were composed of various elementschaically thrown together and
capable of being extractasgpaately by plants. His ideas of thehem-
cal combhnation of elements within the soibreshasgwed later discowv
eniespertairing to the nature of sofertility.

THE ROLE OF LIME IN SOIL CONSERVATION

Ruffin did not believe that vegetable mattecesaily made a soil
rich. He felt that soisterility was brought about more from lack of lime
than from lack of vegetable matter. For example, those soils which
were so eroded that only the subsoil remained were often baeg®f
tation, because the lime which had bemmcernratedat the surface had
beenremoved.

Reclanaion of galled spots, however, could notdmonplishedby
the use of marl alone. The power of marl to reclaim soil wapor
tional to the amount of soil which remained. If the soil had been
removed, it wasbsdutely necesarythat vegetable matter apditres
centmanures also be applied so that a new soil might be formed. On
formerly galled land, even rich and durable soil could be formed by
repeated and heawapplicaions of manure and marl. The cost of such
soil building, however. usually exceeded the value ofidinel.

These ideas of sdirtility did not spring full-grown from the mind
of Edmund Ruffin but were painfully acquired from many long years of
inquiry and expeiment Ruffin suffered in thebegiming the usual
penalty of pioneescienists The more"pradical' farmers jeered at
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him because of hiheaiesand hisnexperience

Ruffin was puzzled because much of the soil on his farm at Coggin’s
Point did not respond to manures. He noticed, however, that soil which
contained fossil shells or marl produced good crops whereas soil which
was rich in vegetable matter failed to produce well. He attempted to
find out what thedeficiency was by reading works oagriculture He
was attracted by Sir Humphrey Davy’s contention that lime would
make sterile soilsemporaily fertile if they contained "salts of iron or
any acid matter." Although Ruffin could not find salts of iron in his
soil. he was led to believe that there must be some vegetable acid as yet
undicovered

He set out then to find the key that would unlockfénlity of the
soil. A sciertist writing more than half a century later sta{gdp.502):

Edmund Ruffin conducted héxpermentswith suchattertion to details and
with such a trulysciertific method ofprepaation and plaming that we may
look on his work as some of the best done ircthwntry.

As a young andéhexperiencedfarmer, he was the object of much
ridicule, however. Amid the jeers of hiseightbors who called his
marling "Ruffin’s folly," he patiently acquiredciernific books from
abroad, conducted soil tests, ran his tests over and over again, built his
appaatus ascardully aspossble, andgatteredsoil samples not only
from his own and hiseighbors farms, but even from places as far
removed as Huntsville, AléAccordng to one writer, "each new move
waswhisperedfrom farmer to farmer, to be laughed owdrerevertwo
or three wergatheredtogether'(4, p.59).

Ruffin found early in higxpermentsthat the marl which he applied
to his eroded acres restored tlrility whenacconpanied by manures.
But he was anxious to find in whatopotions theseapplicaions were
necesary. In conducing his expeirments two sources of errors seemed
to be possble. The readions of lime andmagnaium to acids were
similar, and someonfusionresulted. Also a small amount cdrborate
of lime was lost beforpendrating the soil. To offset these errors, large
guarntities of soil were taken as units for testing. To each a stuaif
tity of chalk was added which was deducted from the totehudforate
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of lime found in the soil after thexpermentwasmade.

Ruffin laid off his land irrelaively small fields, after testing each
soil as well as the percent oarborate of lime in calcar®us earth
which he applied. Higxperments which contirued for 26 years on
this farm, were begun iRebriary 1818, by theapplication of 160 to
200 bushels of fossil shells to the adfgpeimentsone of these plots,
which he denotes a%xpeiment 17" in his book oncalcareus
manureg26, p.142)were conducted in tHellowing manner: The area
was an old eroded field full of gullieabardoned39 years earlier, and
at the time covered by pines After the pines were removed, the field
was heavily marled and wa®uleredtwice, in July and in August.
Following a crop of wheat the soil was given a 2-year rest, then corn
and wheat were raisetbnseatively after which clover for hay was
raised for a year. These crops were described as being good; and at the
end of the period clover was growing well in the bottoms of the old
gullies.

In anotherexpeiment 100 to 200 bushels of macbntainng 33
percent ofcalcar®us earth was applied. The result was a 4-percent
increase in the corn crop. A number of tests, however, showed a
100-percent increase in corn after marl was applied. Wheat, clover, and
other crops increased in about the sanmopotion.

Too heavyapplicaions of marl, however, caused crdpilures
Wheat was found to suffer less than other crops from too heavy an
applicaion of marl, and on poor spots from which all the soil had been
washed the wheat suffered m@26, p.156). Land highlycalcareus
by nature did not show bad effects, even when much of the rich mold
was washedway.

The cause, Ruffin figured, was some reambnaion of lime found
only in acid soils. Fields where vegetable matter but no marl was
applied showed aiminishing produdion eachsuccesive year. After
land was once heavily marled, it seemed to requiraddiional lime
for some years. In one case its effects lasted for 31 yearanphave
ment on the Coggin’s Point farm, however, wasldively slow,
because it had beserbuslyeroded as a result of years of lidldge.
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John Taylor, the mostutstanthg agricultural leader of the South,
referred to marl in @ontempuousmanner, which provedccordng to
Ruffin, that little was known about it. To refute thisiticism he
explained that lime hagrobebly been appliedmproperly, in too large
or too smallquartities and that it had not beetconpanied by the
propermanures.

EROSION AND DRAINAGE

In 1844, Ruffln moved to a new farm which he caMatlbourne In
contrast to the sloping, hilly land of Coggin’s Point, this farm was for
the most part low, marshy, and wet. A system of drainage had been
installed there, but Rufficonsiceredit no better than a complete lack
of drainage, because it was not designed to follow natoraltions of
stream flow and seafgguard the land against erosion. Thmder
grounddrains had been extended into the lowlands. When a heavy rain
came the largest conduivefflowed, and theundegroundstream burst
forth at various places. The ditches were obstructed by sand or mud
washed down by the stream. The sides of the ditches had caved in
along cattle paths and where hogs had rooted. In such places gullies cut
through thebanks.

For the next few years Ruffin spent a large part of his time in
perfecing a system of drainage Btarlbournefarm. His chief concern
was to drain the landffedively and at the same time prevent erosion.
He found that as a rule a good drainage system and erosion were
incompaible. Ruffin’s knowledgeon drainage like that on marling was
gained only after many years eéfpermertation.

Ruffin recogrized that there were severpfinciples of stream flow
which must be followed in ansucceskl drainage system. The rate of
fall of a ditch orundeground drain must besufficient to carry the
moving sand. If the ditch was nptoperly constructed, the water might
fill it with sedmentor the water might cut the bottom and sides of the
channel. The ditches should not discharge either more or less sand than
they receive. Just as the bottom of any stream tends to bextahie
lized under naturatondtions, so does the bottom ofdétch.
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The following principles were cardully observed by Ruffin in
drainage: (1) Sand in the water will be moved along by the force and
pull of the currentegardessof the distance, whether it is 1 mile or 20,
if the passage isinobstructed the velodty unchecked, and the fall
sufficient (2) fine particles of clay and soil will pass more rapidly to
greater distances than the sand; and (3) when the water slows down, the
particlesin suspesionare dropped in order of their size, the larger ones
first. If a depresionneeds to be filled, the stream may be turned so that
the water will pour into it. When itgelodty is decreased, the water
will drop its load, and thelepresion will gracually be filled. In this
way Ruffin utilized natural laws of watdrangort to overcome the
effects oferosion.

In construcding a drainage ditch, Ruffin appliggtadically the same
principles that had been expounded by Taylor. Open ditches were
always constructed with sloping banks because steep banksaged
erosion and caving walls resulted in choked ditches. Ruffin also noted
thatfreezng and thawingdoosenedthe soil and increased the tendency
of steep banks to wash. On the other hand, if the banks of drainage
ditches were sloped more gently, equiibrium was estaltished and
little soil was washed into thditches.

Although theprinciples of drainageapplying to open ditches also
extended to covered drains, the methodapplication, for obvious
reasons, wadifferent In construcing undegrounddrains Ruffin used
fence rails laid 2 or 3 inches apart and at least 3-1/2 feet deep. These
were covered with boards. Above them he spread straw, pine leaves,
shavngs broomsedge, or other coarse grass or roots to a depth of about
an inch to keep the soil from washing in. Althoughcbesicredthe
pipes the only sure method pfevening erosion in arundeground
drainage system, the cost washibitive.

In any system there was danger that, in times of flood, soil might
clog drains. Since Ruffin’s system, however, was based on natural laws
of hydraulics, the ditches often lasted many years without needing
repair. In his diary for July 1857, Ruffin recorded that "not a drain has
been made, or improved for these places since mypestions three
years ago," but he added that after the last rain "the open ditches are
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much filled by sand and mud washed in * * {Diary of Edmund
Ruffin, July 4, 1867.Ruffin mss., Library @bngress.)He consicered

closed draingndispensble on "oozyhillsides" If open ditches were
constructed they would soon filled buwil.

A proper drainage system not ordgfeguardedthe land against
erosion but made possble to utilize areas whicHitherto had been
low in produdion or out ofprodudion altogether Ruffin’s produdion
of wheat atMarlbourne increased from 627 bushels to 6,000 bushels.
His produdion per acre increased from 14.75 bushels to the acre in
1845 to 20.02 bushels to the acre in | 848. Guodudion increased
from 14.28 bushels to 28.12 bushels during the same period, and the
profits from the farm increased from $2,200 to $6,82® p. 10; 3, p.
142)

Theprinciplesenurctiatedby Ruffin in hiswritings on drainage were
also applied tohillside ditching. Although he was not so much
concerned withillside ditches as were many others of the period, he
reconmmendedthem highly forcontroling erosion. Intraveling from
Augusta to Atlanta, Ga., he noted thgtersive system ofhillside
ditches. Some years before this he tradeledover the same road and
observed the gullied fields; now they showed distingbrovement
The hill side ditches. however, were often too smalir@ccurately run.
This fault lay not in the system but in &pplication.

FLOOD CONTROL

Thecleaing of lands in the upper parts of the drainage systems of
Virginia and South Carolina had increased #iiavial deposits in the
lower parts. More mills were built; mombstrudions such as dams,
trees, and rottingegedation were placed in the streams; and more soil
was washed into the streams, with the result that the millponds and
many of the streams had becostelower. Drainage systems broke
down, andsedmertation and floods increased. Like many of his
contenporaries Ruffin thought that thempoundng of water behind
dams increasedvapration and altered theainfall regime, which in
turn, causedloods.
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At the time Ruffin was in North Carolina, a few planters had
restrained floods by means of levees. A planter in Halifax County, N.
C., built his levees 26 feet high. He found the levees owitltstand
floods if the width of the base was five times their height. On the
Palenta River, another planter built a levee that was 100 feet wide at the
base and 17 feet high. These required valves and culverts to let out the
water that had seepéd

Ruffin favored thduilding of addtional levees for purposes of flood
control even on the Peedee, Santee, @awhmah Rivers but thought
that theimpoundng of the water was a far mothffi cult undetaking
than opening the lesser streams dnainng the swamps along their
borders.

The dangers of such a systenmenfbanknentswere pointed out by
Ruffin. Every embanknentwhich restrained the water tended to raise
the river at some other point. Thus, if ploprietors madeembank
ments the floods would very likely becomacorrollable. If the river
were kept within its banks in time of flood "thednfinenent would
cause much increasedlodty and power ofibrasion’ (29, p.31). The
bottom and sides would be washed and the levees would have to be
raised higher and higher until finally the levees wouldubdemined
anddestroyed

Floods, Ruffin felt, could not be controlled inglividuals Only the
State had theauthoity to devise and carry out a proper plan. A
flood-control law was needed, whereby tBeverrment would have
power to work out uniform plans in which whole river systems should
be included. The banks of the streams should be protected by hard
ledges but n@rotedion was needed for the bottoms of the streams. In
fact, if they weredeemnedby the increasedelodty of the river, it
would be an aid tmavigation, without endameling the flood-control
system.

WIND-EROSION CONTROL
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Some small areas in the South suffered from wind erosion. Ruffin
believed that lime in some form waffedive in prevening such loss
of soil. It caused the sqiarticlesto adhere and made the surface damp
by its absorpive power. On fields from which clouds of dust arose, the
effect of a coat of marl was oftetriking. Ruffin (26, p. 165) described
the way in which marl controlled erosionfatiows:

On March 1st, 1850, a few days before the writing of these lines, | saw from
the eminence on which my present dwelling stands, areemarlable exhibi-
tion of this consevative power of marl. The night before, there had fallen a
heavy shower; and also some drizzle after day-break, succeeded by bright
sunshine and a furious wind. Though the rain-water had stood in puddles in the
ruts and low spots of hard roads in the morning, by 11 o’clock, A. M., dense
clouds of dust, rising as high as the tops of the forest trees on the higher lands,
were seen driven off from the light fields of thtierentand detachedeigh
houiing farms, and which had not been marled. A much broader space of
surfaceintermediate or adjoining, was also in view, much of which was equally
sandy and fully as much exposed to the wind. All this land (except one small
field which was both stiff, and low-lying, and of course not then dry) had been
well marled; and from none of it was any dust seen to rise. Of the stharal
sandacres of arable land in sight, and mostly of sandy soil, all the farms and
fields not marled (and not of clay or wet soil) might have keesigiatedby
the clouds of dust then rising and passing off fthem.

THE END OF AN AGRICULTURAL ERA

Edmund Ruffin was the mosutstanéhg agricultural reformer of
the pre-Civil War period. Although htheaies and his farmpradices
were at first derided by hiseigtbors within a few years after the
publication of the first edition of his Essay oBalcar®@us Manures,
many used marl to enrich their lands. His essay, which was later
expanded to a volume of 560 pagespbebly was read by more
farmers and owners of large estates than any atjr@ultural book of
the ningeenthcentury. In 1830, Ruffin, having by that time worked out
his principles of marling, felt that some vehicle @xpresion was
needed to spread his ideas. With a small amount of capital and only a
few subscribers, he assumed d¢uétorship of the FarmersRegiger and
remained in thgpostion for 10years.
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The newperiodical was the mossuccesill as well as the most
authoitative of the contenporary farm journals Although Ruffin gave
up its publication in 1842 and went intdempaary retirement he
contiruedto enjoy greapregige amongagriculturists The neighbors
in Prince George County gave a dinner in his honor and presented him
with a piece of plate on which his name was inscribed. They publicly
expressed theigraitudeto him for devoing his time, talents, money,
andindudry in an endeavor to convince farmers that the use of marl
would help reclaim the barren fields of the county. They agreed that
"single and alone, he had buffeted popylegjudices and that "by his
untiring indugry * * * enabled * * * [them] to make two ears of corn or
two blades of grass to grow upon a spot of earth where only one grew *
** hefore" (4, p.65).

The increase in the wealth of tBeuttern States was attributed to
the adogion of Ruffin’s ideas. From 1838 to 1850, land values of the
Tidewater section increased by over 17 million dollars. Gstimate
placed the increase in value because of marling at 30 nl&thars.

Soutrerrers boasted that Mother Earth had altered her face and her
consttution under the healing action of lime; that her presmypear
anceand her past differed from each other as greatly as did a healthy
man from alingering and hectic victim otonsumgion. Accordng to
Craven(3, p.143):

The stories of changes in Prince George County (Va. ) and other easiarn
ties * * * read like fairy stories. Fields once galled and gullied were now
growing rank with clover, lands on@bardoned now brought fortreburdant
yields of wheat andorn.

Many honors followed, although Ruffin often protested that he was
not appreiated Ex-PresdentJohn Tyler placed the picture of Edmund
Ruffin over his fireplace as acompaion piece to that of Daniel
Webster and proclaimed them theeaest American agriculturist and
the greaest Amerlican statesan (3, p. 137). A commitee of the
Virginia Agricultural Society in 1851 proclaimed him "not Edmund
Ruffin of Prince George * * * but Edmund Ruffin of Virginia." He was
given extrawagantpraise in aiography published in DeBow’s Review
and the United StateAgricultural Society made him an honorary
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member "because he had ended the agegadultural barbarism”(4,
pp.88-90).

In spite of generakcoqition of his work byagricultural andpoliti-
cal leaders, Ruffin felt that his work was not a success. As a young man
he had beemumiliatedby the jibes of his fellow farmers. He reports
that Thomas Cocké6, p.422),one of hisneighors said in 1822: "In
future time, if marling shall then have besmardonedasunproftable,
this place willprobebly be known by the name of 'Ruffinolly.™

Ruffin commented again and again on the ridicule he suffered, and
the tendency of farmers to reject new ideas: "For some years, my
marling was a subject for ridicule with some of mgighbours and this
was renewed, when in after-time the great damage caused by improper
applicaions began to be seen(26, pp.422-423).He wasdoubful
always of theaccepanceof his ideag26, p.189):

The opinions of many farmers have been so long flxed, and their habits are so
uniform andunvarying, that it isdiffi cult to excite them to adopt any new plan

of improvement except by promises of proflts so great thabmacommon share

of credulity would benecesaryto expect theifulfil ment

For this reasorgvery-improvenentin agriculture had to work its
way slowly and against evediscouaganent andobstale. The agr
cultural classes werdlistrusful. They were the least ready either to
receive benefit or to bthankul for services, even after thgradices
had been completely proved agstatished

Marling proved ncexcepion to this rule. Ruffin'steaclings were
geneally ignored by farmers although acclaimed by leaders. Although
he believed that from 1833 to 1835 tkeowledge of marl among
farmers doubled and itpplication wasmultiplied tenfold, the masses
of farmers had not read Hi®ok.

Marl at that time (1835) had not been tried much in Virginia and
Maryland, only recently in North Carolina, and not at all in South
Carolina, Georgia, Florida, and Alabama. Later, marling was widely
used, but Ruffin still found that the average farmer had never heard of
him. After a trip insoutkern Virginia during which he had talked to
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many farmers, he recorded on April 16, 1857, in his d{@xary of
Edmund Ruffin, April 16, 1857. Ruffin mss., Librargohgress.):

| did not see a man who appeared even to have heard of me before, or who
cared whether he ever heard of me again. Of course, | did not obtrunjginmy
ionsor advice on farmers who seemed to desire to heitker."

Because of his bittelisagointments he retired from public life. He
attempted to become a reclusefusng curtly the Presdency of the
Virginia Agricultural Society. InFebruary 1845.

The failure of the FarmerRegiger was followed by anothatisap
pointment Ruffin had planned aompréersive program for the State
Board of Agriculture, which he hadnitiated He was electedorre
spondng secreary and planned to make this agency a great center of
agricultural research andissenination of information for the farmers.

As part of his reforms he divided the State into eight districts, each
under thesupevwision of a member of the board. But the board was
violently attacked, its funds were cut off, and Ruffsigned.

In spite ofbittemessat theingraitude of his courtrymen Ruffin
never completely gave up his dreamrebuildng a Southimpover-
ished by soil exploitdion--at least not until the last. He believed so
fervently that the South could regain its placepaiitics, and in the
social and economic life of the nation that he founupossible to
follow his resolves to give up thareacling of soil consevation. His
dreams received partillfill mentin Virginia and he planned the same
for the otheiSoutlern States.

Again and again he warned kisurtrymen of the ruin that awaited
them if they did not mend their wa{&7, p.26):

| can only offer my earnest verbassuancesof your available gain, as great
and as sure to be obtained by ypursung a proper course afnprovement as
will be the growing loss anédveriual ruin of your country, anéiumiliation of

its people, if the longxising system ofexhaushg culture is noabamoned *

* * Choose, and choose quickly! Amémenber, as my last warning, that your
decsion will be between youpurchasg, at equal rates of price, either wealth
and genergbrogeiity, of valueexceedhg all present power afompuation, or
ruin, desttution, and the lowestlegralaion to which the country of a free and
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noble minded people cqossbly besubjected.

But the people would not heed his voice and the South declined in
progeiity andpolitical power. The old Virginian went up and down the
country, writing, talking, and making speeches. If the farmers could or
would not defend their soil, they would have to defend their country
with their lives. He had attempted to save the South thraggbul-
tural reform; but now it seemed that the North would gain the upper
hand.

His efforts to build amagraran Utopia were thwarted. He would not
accept the inevitable decline of the South. He felt thetthern
exploitaion was the cause of soil erosion in the South. Thus, when war
came in 1861, Edmund Ruffin, in spite of his advanced years, served
the cause of th€onfeceracy with a zeal no less than that with which
he hadstrugyled to save the soil of the South. He wagsung the
same end as when he was farming at Coggin’s Point, making soil tests
anddraining land atMarlbourne writing voluminouslyin the Farmers’
Regiger, or making speeches apdmphl¢eeing. It was his hand that
fired the first shot at FoSumter.

Edmund Ruffin’'s efforts ended the pioneer stage of the
erosion-controlmovementin America. His work was equal to that of
all his predeesors combined. Theknowledge of the soil which he
gained from hisexperments his theaies and speailations regardng
the action of water on soil, and his erosion-conpralticesprovided a
foundaion for laterdevebpments

CONCLUSION

During the period from 1620 to 1860, erosion became a major
problem on manyAmericanfarms. The New World settlers found that
after a few years of farming the sarfdifsidesof New England and the
erodble soils of theSouttern and Middle Atlantic States were injured
by wind and by water. At first erosion escaped notice byrthjeiity of
farmers but by 1750, many fields webeconing barren, farms had
already beerabarmoned and in the older settled regions, erosion was
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more geneally noticed. Thedestrution of soil by gullies and floods
had been noted by writers even before Revdutionary War. By
1775, rivers that once ran clear were described as being black with
mud. Manyreferencesto worn-out land provide evidence that sheet
erosion also was taking itsll.

A few of the morentelligentand better educatedimericansbegan
to realize the folly ofexploiing the land.Outstanéhg among these
were Jared Eliot, Samuel Deane, Solomon and William Drown, and
Isaac Hill of New England; John Lorain frodaryland andPenrsylva-
nia; and John Taylor, Nicholas Sorsby, and Edmund Ruffin in the
South.

These pioneers of erosion control contendedigimatancewas one
of the causes of soil erosion. In general the farmers of America were
badly informed, many wersupestitious and most of them were not
aware that erosion was a danger. Land had always feriful and
they believed that it always woulbk.

In order to awakeimterestin farmimprovementthe earlyconseva-
tionists recommendedagricultural soceties and organizations and a
wider dissenination of books, pamphlets, and fajournals Theagri
cultural journalsandsocktiesorganizedby these leaders played a large
part in agricultural reform. The snorinfluertial farm journals were
Isaac Hill's Farmer’'s Monthly Visitor and Edmund Ruffin’s Farmers’
Regiger.

John Lorain and John Taylor, partiaular, felt that the crop system,
more thanignorance was the chief cause of erosion. Both lived in the
South wherediversified farming was littlepradiced Corn, tobacco,
and other row crops were plantexpeagdly on the same land until the
farmer was faced witdeclinng yields. Evertually much landdeteio-
ratedto such an extent that some crops could not be raisetably.
The final result was ruined farms aabamonedfields. Edmund Ruffin
correctly analyzed thdisagrous effects of such a system ekploita
tion. He foresaw that lanexploitaion might beprofitable temporaily
for the individual but for thecommuity, or the Nation as a whole,
would everiually spellruin.
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The earlysouthern consevationists in consguenceurged that the
Govermentdo somehing to enable the farmer to graseil-consering
rather thansoil-depleing crops. Propemus agriculture required a
redudion of interestrates elimination of oppresive tariffs, andagricul-
tural boards to consider the economic aspects of farming. Suagrian
cultural board could, for example, work owgiciprocal tradeagreenents
whereby the farmer could command better prices fopituducts

Largelancholderswere alsencouageby the earlyconsevationists
to do their part. They should first of all develop, gblicty to, and
encoungethe use of erosion-contrtdchiquesthat wereacononically
feasble for the small farmerExpersive erosion-control measures were
of little avail to the average farmer. bddtion, landowrers should
encourngesoil consevation by requiiing soil consevation clauses to be
written into farm leases instead refquiiing tenants to raise those crops
which would give thgreaestpossble gain in a shorime.

These general economic and social reforms that had as their goal the
mairtenanceand increase in thertility of the soil weresupplenertary
to mechaical and agranomic erosion-control measureBrotebly the
mostimportantreconmerdations, many of which were applied to some
extent, related to farrmanagenent Each farm should be divided in
such a way thadoil-impowerishing crops would not occupy too large a
part of the landAmericanfarms were often too large; they should be
small enough so that all the land couldppeperly cultivated This was
one of the chief contentionpartiaularly of theagricultural leaders in
New England. Landlassificaion was needed on every farm; tsteep
estand moserodble parts should be retired frooultivation and other
areas treatedccordng to their fertility and erosion hazard. Pastures,
like cultivated fields, requiredrestridions the areas in row crops
should be limited; and fences should be built to help carry out the
program.

Soil mairtenancealso required the use ofiechaical tecmiques
Plowing, furrowing, ridging, ditching, drairing, andirrigaing were not
consiceredthe basicdemaliesfor erosion, but they did play a large part
in the earlyAmerican erosion-controlmovement There were many
variations of plowing designed to prevent soil washing. Some advised
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usinghillside plows. Although these plows attaineonsicerable popu

larity in theNorthern States, they were mogeneally employed in the
South. If ahillside plow was notavailable the farmer frequently
plowed across the field In omliredion, letting the team drag the plow
back to itsstaring point, or if an entire hill day in one field, the farmer
merely followed the contour all the way around the hill and back to the
startng point. Furrowing or ribbing, also a commapradice, resenbles
moderntechiquesfor erosion control. To prevent gulfgrmation and

to deter the water from rushing down thi#side furrows were run at
intervals on the contour. In pastures they apart than on fikddis.

Ridging was anothevariation of plowing commonly employed.
John Lorain’s ridges wergomavhat similar to the terraces of today. In
some cases these ridges had a slight incline so that the impounded
water that had collected during a heaainstormwould drain offgrad
ually.

Thehillsideditch devebpedfrom the ridge system and was foee-
runner of the modern terrace. Although tdiside ditch has been
supesededby moreefficient methods ofmechaical control, it helped
prevent soil washing bgliverting the water from points where a gully
might have started. The outlets designed by Nicholas Sorsby and his
whole system of water control rested on the sprireiplesas modern
terracesystems.

In draining the land care was taken to construct ditches so that they
would neither clog nor gully. On the banks of drainage ditches
tough-rooted grasseshrutbery, and cedar trees were planted. In some
cases stones, gravel, and stakes were used to prevent the streams from
cutting their banks. Ruffin constructed his open drainage ditches with
wide sloping banks that were not easitydemined Taylor and Ruffin
also usedundegrounddrainage systems constructed of poles, boards,
and deadvegdation. Although not afficient as tiled systems, such
drains wereecononically possble for the poor farmer, provided a
wood supply wasvailable Taylor claimed that hisndegrounddrains
would last for 10¢/ears
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In the early national period no phase of soihsevation received
more attertion than did gully control. The pioneers were more
concerned withprevertion than cures. They pointed out that wagon
roads, trails, and drainage ditches were points whahlging might
start and should be watchedrdully. Contour plowinghillsideditch-
ing, anddraining, all contributed to gullyprevenion. After gullies had
once started, Taylor filled them with green bushes and plowed over
them. For larger gullies stakes were driven down and trash packed back
of them. Sorsby followed thigrocedurebut also sowed rye and peas in
the gully channel, and iaddtion curved his rows in such a manner that
water was diverted from thaully.

Most of the cover cropgconmendedby the earlyconsevationists
are widelyadvacatedand used today. Thegalzed however, that on
extremely sandy land no amount of sarendnent would prevent
erosion if row crops were planted. The sowing of cowpeas between
rows of corn, apradice emphaized most by these pioneers remains
perhaps the most popular method of bailding in the South. Edmund
Ruffin ranked them ahead of any other cover crop. All otctheseva
tionists urged farmers to plant grasspsinting out that not only would
a covelng of grass reduce run-on but that a grass crop would change
the strudure of the soil so that thparticleswould adhere and not blow
or wash away readily. Grass also improved the soil so that it would
produce greater croplereafter.

Many of therotaions devebpedby theconsevationists are in use
today. Theyantidpated the principle of the modern basicotation
consising of a cultivated crop, a small grain, and a legume or grass.
Theymairtainedthat organic matter could be conserved only by means
of rotaion. Rotdions however, were varied irelaion to the soil,
slope, and climate dlifferent sections of the country. For light easily
erodble soils 3 years of grass or cloversnccesion werenecesary.
Clover was moreonsi¢ently used than any other soil builder. It was a
part of almost everyotation listed and wasonsiceredmoreimportant
than grass by most of the pioneers. Eliot lists red clover as the most
important crop forbuilding up poor land and Lorain said that timothy,
other grasses, and soiling were tackboneof his system to prevent
erosion.
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Before the Civil War the turning under of green crops, anéhthe
dudion of animal and minerdiertilizers-stardard consevation prac
tices today--were both employed amecommendedby soil conseva-
tionists Thesepradicesformed anessetial part of theirconsevation
systemsFertilizers of all kinds, mineral, animal, and vegetable, were
turned under to prevent both wind and water erosion. Among the green
manures most stronglgdvacated were oats, rye, milletbuckwheat
and cowpeas. On wind-eroded soils two cropssuiccesion were
plowed under, together with application of gypsum or marl. Sorsby
restored galled land by plowing deeply and turning under cowpeas.
This was followed by rye, which was also turned under. Although
Edmund Ruffin believed that thatrodudion of calcar®@us manures
was the mosimportant method of soiimprovementon the acid lands
of Virginia, he alsoreconmendedthe introdudion of all kinds of
manures.

Consevationists over a century ago called th#ertion of farmers to
the dangers of erosion in this country and correctly analyzed its social,
economic, angbhydcal causes. They devised control measura®le
tion to slope, soil type, and the climatidferencesin various parts of
the country. They also pointed out the dangesxgioiting the land by
cash crops and theecesity for Goverrment cooperation in soil
consevation. When John Taylor remarked that the well-being of the
farmers and thepresevation of the soil werenecesary to the
well-being of the Nation, he was stating a fact that has become one of
the basiqrinciplesof soil consevation in the UnitedStates.
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(12) -------- 1839. CHANGE OF THEIOUNTAINS. Farmer’s
Monthly Visitor 1:119.
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TION. Farmer’s Monthly Visitor 234.
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Monthly Visitor 6:23.
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MENT AND PROGRESS OF THEGRICULTURAL SURVEY OF
SOUTH CAROLINA FOR 1843. 120 pp. Columbia S.C. {App., 55
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OF EXHAUSTING AND FERTILIZING SYSEMS OFAGRICUL-
TURE, READ BEFORE THE SOUTH CAROLINANSTITUTE, AT
ITS FOURTH ANNUAL FAIR,NOVEMBER 18TH, 1852. 52 pp.
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pp., illus.Richmond Va.
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(33) [TAYLOR, JOHN.] 1813. ARATOR: BEING A SERIES OF
AGRICULTURAL ESSAYS,PRACTICAL & POLITICAL: IN
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town, D.C.
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