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UNITED STATES DEFARTMENT OF AGRICULTURE
WASHINGTON, D. C.
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. THE HOHENHEIM SYSTEM IN THE MAN-

AGEMENT OF PERMANENT PASTURES
FOR DAIRY CATTLE**
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INTRODUCTION

The Hohenheim system of pasture management is so called because
it was first introduced at Holhenheim, Germany. A description of
this system is contained in a review of the original experiment, which
alpp ;5 to have been written by a representative of the Journal of
the %‘Sﬁstry of Agriculture for Great Britain (). The following
comEphts were taken from that review:

The foriginal Hohenlieim experiment established by Dr. Warmbold included
69 a of pasture divided into 10 enclosures from 4 to 10 acres ench. The
experimpent sturted in 1916 when the pasture required 1.4 neres to maintain
a l, ound vow Jrom the end of April fo the beginning of Qctober.

Thedkertilizer ayg. od aunually under the Hohenheim system was 107 pounds
per of pure nitrogen (500 pounds sulphate of ammonia equivalent) besides

! Submitted for publication Muy 26, 1938,

7 This i3 n cooperativa investigntion between the Division of Dniry Onttle Breeding, Feeding, and Man-
agement, Bureay of Dairy Industry, and the Division of Forage Crops and Diseases, Burenu of Plani
Industry, The Buresu of Dairy Industry was responsibly for the t of the pastures nnd, mensur-
1ng the yields with dairy cattle, " The Rureau of Plant Industry was responsible far all the apronemic phases
of the work; H. N. Vinull, senior agrenomist, deceased, hud an setive part in the initiatlon nod planning
of the investigation. s

3 Italic pumbers in parentheses refer to Literuture Clted, p. 32.
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phosphiate and potash. At the beginnilg of the treatments, 36 pounds of phos-
pharie acid {260 pounds of superphosphate equivalent} and 8¢ pounds of potash
(200 pounds 40 percent potash salts equivalent) per acre were uppled to the
pasture, Later, the phosph' fes and potusl were reduced but the umonut of
nitrogen continped the saimne.

Phosphutes and potask wete applied in autwmen. Hulf of the nitrogen in
the forz of sulphate of mmonin was upplied about Febiuary 1, and the other
Talf in three separate applications, usuully as urea, in May, June, and July.
The uren seemed to lave some specinl advantage for summer application.
Lime was applied af intervals of 6 yeurs, ut the rafe of about 800 pounds per
HOIC.

Ap requivement of the syskewr is that the grass muost e grazed in a yomny, teafy
stage, If the herd was insufficient to keep down the vigorous growth at a
cortain time of the year, purt of the pusiure wus cut for hay. The first “bite”
of each enciosure was chtuismd Ly the best milk cows; after 2 or 3 duys on n
piot there cows were follow oo by lower-yielding cows or by dry cows and stock
centthe.

Also, iL appears dhat, From 1018 onwards the heavy application of fertilizers
resnlted in o enrrying capcity of 0.5 aere per cow for the grazing scasen as
against L4 geres reguired o the heginnving of the experiment.

American investigators are not in agreement as to what practices
constitute all the essential phases of the Hohenheim system. They
do, however. agree that two of the mmin practices involved are él)
rotatiug the cattle over separate parts of the same pasture, and (2}
Tiberal application of fertilizers, particularly those carrying nitrogen.
Some maintain that dividing the herd accoriing to the quantity of milk
produoced, and then giving the highest-vioducing cows the first chance
at the fresh pasturage, is an addition:l essential part of the system.
Othiers assert, that harvesting hay from some of the nasture fields
early in the season is also an integral part of the system. It appears
certailu that all of these variations were actually practiced by Dr.
Warmbold at Hohenheim.

The Hohenheim system of pasture management is primarily in-
tended for dairy cattle, although other livestock may be henefited also.

ts principal purpose is to increase the yield of nutrients for milk
and butterfat production from the pasture. by maintaining the herb-
age in an immalure, rapidly growing stage throughout the growing
season, as well as to increase the total yield of nutrients obtained by
the cattle and other livestock.

In view of the apparent success of the Hohenheim system in Ger-
many and the favor with which it or similar systems were regarded
in some other countries, notably the Netherlands, England, and New.
Zealand, it scemsed desirable to conduct an investigation to determine.
whether or not the Hohenheim system is adapted to conditions that -
prevail in the United States. In the countries mentioned the climate” -
and soil are excellently adapted to the growing of pasture plants.:
The cool summer weather prevents excessive drying of the soll and, -
lessens the loss of organic mutter from the soil. While the total-
precipitation in these countries may not be any greater than over °
a preat part of the United States, the rains are more frequent as.
well as less violent. Because of the high content of organic matter:
in the soil and the gentleness of the rains there is much Jless surface’’
run-off than in the United States, .-

Agriculture is less intensively practiced in this country, the land.
values are lower, and high yields per acre are mot so essential to .
success. ‘The densely populated European countrles cannot raise’
enough food on thewr land to feed the inlubitants. The United
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States, on the other hand, usually produces more than enough food,
and the surplus in recent years has not been salable abroad. The
tendency in Europe is to produce more abundantly ; the tendency in
the United States is to produce less abundantly by raising crops
that are naturally less productive, but which will at the same time
conserve the fertility of the soil and reduce erosion. Because of the
differences in the soil, climate, and economic conditions here aud
abroad, it is readily apparent that pasture practices which meet the'
needs of other nations will not necessarily prove desirable here. At
the time this investigation was started tliere had been no investiga-
tions reported of the Hohenheim system in the United States.

REVIEW OF AMERICAN INVESTIGATIONS

Salter and Yoder (74) have reported on 2 yemrs’ work (1928-29)
with the Hohenheim system in Olhio. Three 6-ncre and three 4-acre
pastures were used. The fertilizers applied per acre were 500 pounds
of superphosphate (20 percent P.0.), 120 pounds of muriate of pot-
ash, and four applications of sulphate of ammonia (20.5 percent N)
totaling 500 pounds. They conclude that it is more profitable to pro-
duce both protein and dry matter by the application of fertilizers
than it is to buy these materials in feed. The grazing season was
sald to be lengthened by about 3 weeks and the herbage of the
Hohenheim pastures to have a higher content of protein. These
pastures were also said te bave a denser turf and to yield more
heavily. Difficulty was noted in maintaining a stand of white clover
in the pasture herbage.

Foley (§), in reporting three seasons’ work (1928-30) with the
Hohenheim systemn at the Mussachusetts Agricultura]l Experiment
Station, states that the return per acre over feed, fertilizer, field,
and land costs, was greater on pastures treated with a complete fer-
tilizer than on pastures treated only with the phosphoric acid and
potash, and these latter showed a greater return than untreated
pastures.

Archibald and Nelson (/) at the same station, reported that in-
tensive fertilizing and grazing not only increased the yields of dry
matter, but also increased the nutritive value of the dry matter.

There are few published accounts of rotation-grazing experiments
in the United States.

Hodgson and associates (8) reported the resulis of three seasons
work (1931-33) in . estern Washington with dairy cows. They com-
pared the effects o rotating cattle over separate parts of a pasture
with the customary practice of grazing an entire pasture continu-
ously. They state that the pasture yields, cale::lated as total digesti-
ble nutrients, averaged 5,986 pounds per acre for the pasture grazed
in rotation, and 5,499 pounds sor a similar pasture grazed continu-
ously. This was an increase of 8.9 percent in favor of the rotation-
grazed pasture. Rotational grazing did not improve the grass from
the standpoint of chemical composition. No significant difference
was observed in the amount of clumping in the pastures under the
two methods of grazing.

Salter, Gerlaugh, and Welton (74) conducted & trial of rotational
grazing in comparison with eontinuous grazing for one season near
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Dayton, Ohio, using young cattle to measure the yields of the pas-
tures. The pasture yield, expressed in pounds of beef per acre, was
175 for a pasture divided in four parts and grazed in rotation, and
179.5 for a similar pasture grazed continuously.

Comfort and Brown (3) conducted an experiment at Grain Val-
ley, Mo., in which they compared rotational with continuous grazin,
ot bluegrass pasture, using young cattle, Three years’ results showe
that on an average the yield in pounds of beef per acre for the con-
tinuously grazed pasture was 112 and that of the rotation-grazed
pastore was 97. The yield of grass as determined by monthly clip-
pings of small areas, stated in pounds of air-dry herbage per acre
per season, was 1,589 on the continnous pasture and 1,648 on the rota-
tion pasture.

Holdaway and Pratt (9) conducted an experiment in Virginia, in
which 20 acres of bluegrass pasture was grazed in rotation by dairy
cows, and an equal area of similar pasture was grazed continuously.
The results for 1 year, measured in terms of total digestible units,
showed that the yield for the rotation pasture was 1 percent greater
than that for the continuous pasture.

The literatare regarding the influence of fertilizers on pastures is
too voluminous to review. In general, it can be said that fertilizers
increase the yields, thicken the turf, and discourage the growth of
weeds. They do not generally improve the uniformity of growth
from one part of the pasture season to another. Applications of
nitrogen not only increase the nitrogen content of the herbage but
also may promote the growth encugh so that the pastures will be
ready for grazing as much as 3 weeks earlier than those not receiv-
ing such applications. In many cases it is reported that applications
of nitrogen diseourage the growth of leguines.

PLAN OF THE INVESTIGATION

The study of the Hohenheim system described in this bulletin was
conducted on the experimental duiry farm at Beltsville, Md. The
Bureau of Dairy Industry stocked and munaged the pastures during
the experiment, and measured the yields of pasture nutrients with
dairy cattle. The cattle used in grazing the pastures were from the
Bureau’s experimental dairy herd at Beltsville. The Bureau of Plant
Industry prepured the soil of the fields used, seeded und fertilized
the pastures, curried out plant-population studies, and mude chemical
analyses of the herbage.

PREPARATION OF THE PASTURES
La¥Y-0UT OF THE PASTURES

The original plan wus to establish u 12-ucre pasture, then divide
it into six equal parts, and manage it as advocated by the sponsors
of the Hohenheim systemi. That 1s, the six units were to be grazed
in rotation and the whole pasture was to be fertilized during the
entire period of the experiment. The work had barely started
when it was decided that this plan was inadeguate for two reasons.
One was that no control pasture had been provided. The other was
that, if the Fohenheim system proved advantageous, there would
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be no way of telling whether it was advantageous because of the
method of grazing or because of the fertilizer applications. For
these reasons, {two 4-acre pastures were added to the experiment.
Both 4-acre pastures were to be grazed continuously, one was to be
fertilized ang the other unfertilized, for the duration of the experi-
ment. This will explain why the three experimental pastures are
not all the same size, and why the seedings were not all made at the
same time. The lay-out of the pastures is shown in figure 1, and the
topography in figure 2,

T T I
PASTURE A (12 ACRES),FERTILIZED
A6 A-5 A-4 4-3 A-2 A=
f2 AGRES) | (2ACRES) | {2 ACRES) | (2 ACRES] ({2 ATRES) [{2 AGRES)
N-P-it N%P-K N-p-k ] NEp-x | NPk NEP-K

TUR 4

N?-P-K (2 AGRES)
]

1
PASTURE C (4 ACRES), NOT FERTILIZED W SULATE Or oI

P= PHOSPHATE
= FOTASH

Figree L—Lay-out of the pastures.

The fields used for the three pastures were selected after due con-
sideration had been given to the productivity of the soil and its pre-
vious treatment. The soil in all fields was Sassafras silt loam, all
fields had received generous applications of lime and stable manure
In previous years, and all had good stands of alfalfa when plowed
up for seeding to a pasture mixture. The sume pasture mixture was
used for all three. It was expected, with pastures so much alike,
that they could be compared directly year by year and for the entire
period of the experiment. If the plan cutlined for managing the
pastures could be followed throughout the experiment, then com-
parison of the fertilized pastures, A. and B, one to be grazed in ro-
tation and the other continiously, would show the effect of rotation
grazing; a comparison of the fertilized pasture B and the unfer-
tilized pasture C, both to be grazed continuously, would show the
effect of fertilizer applications; and a comparison of pasture A (fer-
tilized and grazed in rotation) with pasture C (unfertilized and
grazed continuously} would show the combined effect of rotation
grazing and fertilization. The comparisons could not be made
a5 simply as this, however, because severnl adjustments became
necessary.

For exumple, in the management of pastures A and B, it appeared
destrable after results for 3 years (1930-33) had been studied, to inter-
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change the methods of grazing them because of the obvious superior-
ity of the turf in pasture A. This superiority was attributed either

T

racne 2.—Holeglivim pasiares ou the Buszvas of Duiry Industry experimental fupng, Ueblsville, Md,

to a more fertile soil or to a more favorable topography. Hence
pasture A (12 acres) was rotationaily grazed for 3 years, then grazed
continuously as a single pasture for § yeaurs. Pasture B was grazed
continuously for 8 years, then divided into six equal (Z4-acre) units
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and rotation-grazed for 3 years. Although the interchange men-
tioned does not complicate materially the comparison between A and
B to determine the effect of the method of grazing, it does necessitate
certain adjustments when other comparisons are made to deterniine
the effect of fertilizer applications when used alone or in combina-
tion with rotation grazing.

The effect of using fertilizer in this experiment was to be deter-
mined by comparing pasture B, fertilized, and C, unfertilized. These
two pastures were both made from a field which bad been uniformly
treated as regards the crops grown, and the manurve, lime, and fer-
tilizer applie§ for a period of 15 years before this investigation began.,
Also, the topography of the two pastures is similar. Novwithstand-
ing their great similarity, they cannot be compared directly to deter-
mine the effect of fertihzer applications because of the change in
method of grazing pasture B.” Pasture C was continuously grazed
during the 6-year period, but pasture B, during 3 of the 6 years of
experimental work, was grazed in rotation. Hence, the yields of pas-
ture B must be adjusted to the basis of continuous grazing before the
comparison cait be made between B and C for the influence of
fertilizer.

Furthermore, 1n order to arrive at the combined effect of fertilizers
and rotation grazing, two courses are open. One way would be
to estimate the difference in yields due to the difference in natural
productivity between pastures A and C {assuming that B and C were
equal in natural productivity), and deduct this difference from the
yield of pasture A; then make an additional adjustment for the 3
years’ continuous grazing of pasture A. After the results for pas-
ture A have thus been converted into terms of rotation grazing and
fertilization for the 6-year period, the comparision can be made
between A and C.

The other course is to convert the results for the 3 years of con-
tinuous garazing of pasture B into terms of rotation grazing, and con-
sider this as a rotation-grazed pasture for the 6 years. Then the
comparison can be made between pasture B, as » rotation-grazed fer-
tilized pasture, and pasture ¢ as a continuously grazed unfertilized
pasture. This latter course is preferzhle because it is simpler, though
both should lead to the same ultimate result,

PREVIOUS H0IL THEATMEXT

The field selected for pasturc A had been in pasture previous to
1924, but during the next 3 years, 1924-26, it was cropped to corn.
In the fall of 1926 limestone was applied at the rate of 2 tons per
acre.  In the spring of 1927 it was seeded to alfalfa, and remained in
this erop until the fall of 1928, when the land was prepared for the
experimental-pasture seedings. The alfalfa made excellent growth,
although, due to heaving, it was subject to winter-killing. zj)lu'inp;
the 5 yeurs just beforc the pasture was established, the lund had
received approximately 600 pounds of phosphate per acre.

The field selected for pastures B and C had been cropped in a
rotation of 3 years’ corn and 3 years’ alfalfa for o period of 15 years
before this experiment began. The practice was te apply bammyard
manure before the second and third crops of corn and before the seed-
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ing of the alfalfa. About 300 pounds of superphosphate and muri-
ate of potash and about 2 tons of ground limestone were applied at
the time the alfaifa was seeded. ﬁl the spring of 1927 alfalfa was
seeded and this was plowed under in the winter of 1928-23 prepara-
tory to seeding the pasture mixture early in the spring of 1929

SEEDING

Al] seedings were made before the fields were divided into their
respective pastures in order that uniform freatment might be given.
Pasture A was plowed and a seedbed prepared the Jast week in
September 1928. ~ The grass seedings were made on October 3 and 4.
The time between seeding and soil preparation was not sufficient for
the natural settling of the soil to produce a compact seedbed. The
land was double-disked twice, harrowed, and cultipacked, which,
however, did not give n thoroughly compacted subsurface seedbed.
The seed was sown broadeast, one-half lengthwise and one-half cross-
wise of the field to insure uniform distribution, and covered with a
cultipacker.

A heavy, complex misture was used and, although not recom-
mended for ordinary farm practices, for experimental purposes it
seemed advisable to Include seed of all the pasture plants adapted to
this region. The clevers and lespedeza were seecded broadcast on
March 18, 1929, withont any additional preparation of the seedbed.
The following mixture was sown at the rates indicated:

Sown October 1928 Founds per acre
IKentucky LBluegrass (Poe prafensis Lo = . . ooo- .o—— 12
Redtop (Agrostis alba L) om0 o i moo-- -1
Timothy (Phlewm pratense L.)_ oo coceero o iis aiaees &
Orehard gyass (Daciplis glomerate Lol _L. .l - e Ciie aee— 4
Italtan ryegrass (Loffwm mudifforam Lannd . oo . o . . i)
Perennial ryegrass (L. perewne Loy oo o0 o0 ool oo 4
Meadow fescue (Festwer elatior Ty .~ e 4

Sown March 18520:

Red elover (Trifolium prafenge Lol oo . oo .. cron oo 3
Algike clover (T hpbridium L) e e e 2
White Dutch clover (7. repeng Lo oo e = 2

Common lespedeza (Eespederg strieia {Thuub.r ook, and Arn iy 11}
Tiorean lespedeza (L. sfipulaces Maxim. ) oo« o oomnan 4
Pastures B and C were not seeded unti! the spring of 1929, as it
was not possible to prepare a seedbed in time for a fall planting
These areas were plowed eurly in the winter, and a good seedbed was
worked down just prior to planting. The sume mixture was ugad
as on pasture A,

ESTIMATING THE PLANT COMPOSITION OF THE GROUND COVER

Tn order to obtain definite information on the nlané composition of
the pasture grass and the relative amounts of the different kinds of
plants in the ground cover, on the fertilized rotationally grazed pas-
ture, the fertilized continuously grazed pasture, and the unfertilized
continuously grazed pasture, stu&it:s were made of the plant popuia-
tion on selected areas during each year of the experiment.

A permanently marked quadrat, containing 9 square feet, was
located in each of three rotation units (2, 3, and 4) of pasture A and
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one in each of pastures B and . These quadrats were located as
nearly as possible on representative aress, except the one in unit 4
of £asture A. To study the rapidity of pasture plant establishment,
under adverse conditions, this quadrat was placed on an ares which
had suffered severe winter injury in the seeding year. All quadrats
were open and subject to the same grazing and tramping effect as
the remainder of the pasture,

When readings were taken on the quadrats, to facilitate more ac-
curate and ralpid estimates they were divided into square-foot areas,

1ving a total of nine readings on each quadrat. The estimates of

e nine areas were totaled and the average calculated per square
foot. In 1929 plant counts were made of the individual species.
After that year accurate plant counts could not be obtained without
disturbing the turf, and the individual composition was measured
by estimating the area covered by each species. Also, the area of
bare ground was estimated, The readings were taken in May
shortly after grazing was started and in October before it was dis-
continued. These two readings gave an accurate picture of the
changes in the sward, but they dic% not give an accurate estimate of
the contributions of the annual lespedezas, since the readings were
taken before lespedeza was established in the spring and after its
maturity in the fall. Observations were made at the time lespedeza
was making its maximum growth during the season, to determine
1ts contribution to the herbage.

For the purposes of this bulletin the term “weeds” includes all
plant material undesirable in permanent sward, although such
plants as buckhorn, dandelion, crabgrass, and field paspalum,. which
were classed as “weeds,” might supply some grazing at certain
periods.

In addition to the amnual population studies on the permanent
quadrats, estimates were made on random-selected areas in 1933 and
1935. In selecting these areas at random the procedure was to start
at one corner of the pasture and walk toward the opposite corner
and at rather definite intervals toss out a 10-inch-square frame
onto the pasturage; the plant cover within the area marked by the
frame was then estimated. To increase the aceuracy and speed of
making the estimate of the percentage of cover contributed by the
various species, and the percentage of bare ground, the quadral was

divided into 25 equal sized areas; thus each square represented 4
percent of the total area. The interval between each location was
so divided that the readings would be representative of the entire
pasture.

FERTILIZERS USED

In the initial application in the fall of 1928, phosphate and potash
were applied with a dril] and worked into the soil just before seed-
ing. Subsequent applications were broadeast either in late fall or
early spring, up to and including March 1933, when they were dis-
continued %or the remainder of the experiment. Phosphate was
applied at the rate of 400 pounds dper acre (84 pounds P,O,) and
potash at the rate of 100 (50 pounds K,0), making a total of 2,000
Eoupds of phosphate and 500 pounds of potash per acre applied

uring the period 1928 to 1933,
86710"—38—2




10 TRCHNICAL LBUGLLITIN 660, U, 8. DEPT. 0F AGRICULTCRE

Nitrogen was applied in the form of nitrate of soda and in the
form of sulphate of ammonis, in equivalent amounts of nitrogen.
Half of each pasture that received fertilizers (A and B) was treated
with nitrate of soda and the other half with sulphate of ammonia,
Four applications of nitrogen were made per year in 1929, 1931, and
1932, 100 pounds per acre of nitrate of soda and 73 of sulphate of am-
monia being used in each application. Each year, the first application
to pasture A (Hohenheim pasture} was made to votation unit No. L
at least 1 month before grazing started, and to each succeeding unit
at 5-day intervals until all six units had been treated. Pasture B
of the continnously grazed series reccived nitrogen at the same time
as unit No. 1 of pasture A. The second nitrogen application to both
pasture A and pasture B was made immedintely after grazing was
started, and the third and fourth applications were made in late
June and August, respectively, in the same relative manner as the
first application.

Only two nitrogen applications were made in 1930 because the
drought retarded growth after June. After 1932 only two applica-
tions were made per year, as the results indicated definitely fhat
nitrogen used after June had not been eftective in increasing produc-
tion.

METHODS OF GRAZING AND ANIMALS USED

Pasture A was grazed according to the so-called Hohenheim system
or rotation-grazing method, and pastures B and C were each grazed
continueusly as one unit for the first three seasons, 1930-32. During
the next three seasons (1938-33) pusture B was grazed by the rota-
tion method and pastures A and € were each grazed continuously as
one unit.

Tach of the six units of the rotation-grazed pasture was first grazed
by milking cows and then by young stock. Two units were thus being
grazed wiile the other four were recuperating, so that each unit
was grazed one-third of the time. By shifting all cattle every &
days (the young stock being placed on the unit just vacated by the
cows) 16 days were allowed for recuperation, which was considered
about right in good growing weather. In dry weather the recupera-
{ive period conld have been yuch longer and the shifts less frequent
without the grass becoming too mature.

Animals weve put on or faken off the three diflerent pastures (4,
B. and C) in such numbers as would result in the pastures belng
grazed equally close and also heavily enough so that hut little of the
rrass would grow up and remain wuneaten. Clumps of uneaten grass
could not be avoided in any of the pastures. Particular attention was
directed toward having all three pastures grazed equally close at the
end of the season. The cattle were turned on the pastures in the
spring when the grass was 3 to 6 inches high. They were taken off
nsually a week or so after the first killing frost in the fall.

The cattle used were Holstein-Friesians, and Jerseys. About as
many heifers as milking cows were used. An effort was made to
have the groups of cattle on the three different pastures (A, B, and
C) comparable with reference to the breed, age, size, milk produe-
tion, and stage of lactation. Cows recently fresh and animals nearing
parturition were not included. Weights were taken on 3 consceutive
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days at the beginning and close of the grazing season, also on 3
consecutive days at the first of each month. Any cattle put on or
taken off between regular weigh days were weighed on one day only.
The cattle were on the pastures 24 hours a day except when taken off
to be milked, weighed, or fed.

BUPPLEMENTARY FEENING

The aim was to give the cattle enough supplementary feed to keep
the heifers gaining, to maintain the weights of the cows, and to
prevent any undue decline in milk production. At the same time
1t was desired to have the eattle get as much of their total nutrient
requirements as possible from the pasturage. The quantity of sup-
plementary feed given was gnged by the condition of the pastures,
the gains being made by the heifers, the gains or losses in weights of
the cows, the quantity and fat percentage of the mitk, and the de-
cline in daily milk production.” Concentrates (18 percent average
protein content) were used for the most part as the supplementary
feed. 'The quantity varied from none to as much as or more than
would be fed in the stable during the winter. In general, for the
first month or so in the spring, cows producing less than 1 pound
of butterfat a day received no supplementary feed whatever, and
these producing more were fed enough concentrates to provide the
nutrients required for all the butterfat produced over and above 1
pound a day. As the pasturage became poorer, the flow of milk
that it would sustain became less, and concentrates were provided
for all production above 0.75 pound, then 0.5 pound of butterfat
a day, and sometimes in the driest part of the summnier for all pro-
ducfion, the pasturage being expected to provide only the nutrients
require(i for maintenance.

BETERMINATION OF PASTURE Y1ELDS

ESTIMATION OF NUTRIENTS WITH DAIEY CATTLE

After much study it was decided to measure the yields of lfasture

grass in terms of digestible nutrients per acre in substantially the
same manner as that used for years by Graves and associates (2, 13,
17)_in evalnating pasture yields at the field stations of the Bureau
of Dairy Industry. The method comprises several steps as follows:
(1) Determine the requirements of the animals for total digestible
nutrients; (2) deduct the total digestible nutrients provided in the
supplementary feeds; (3) add the digestible nutrients removed from
the pasture in the form of hay or otherwise; (4) divide by the num-
ber of acres in the pasture.

The calculated requirements of the cattle were based on the Savage
(16) standard. The Savage and Haecker standards are so nearly
In agreement with respect to the total digestible nutrients, that it
was immaterial which one was chosen. These standards differ mainly
in the protein allowed. Also, the use of any other well-known
standard would probably not have materially changed the com-
parative results obtained for the different pastures. As the protein
was always ample in the rations fed in this investigation, even when
judged by the most liberal of the standards, the protein require-
ments may be entirely disregarded.
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The allowance of digestible nutrients for maintenance of cows was
at the rate of 7.925 pounds a <ay for 1,000 }t)JOunds body weight.
The allowance for maintenance of heifers was based on the work of
Gullickson and Eckles (7). The allowance for gains in weight of
heifers was adapted from the data of Eckles and Guilickson (4)
by applying a straight-line formula (17). The allowances for gains
and losses in weight of cows were those suggested by Knott, Hodg-
son, and Ellington (10). The supplementary feeds used and the
hay removed from the pastures were not analyzed, but the content
of total digestible nutrients in each was calcnlated from tables of
Morrison (12),

Knott and associates (10) suggest a credit to the pastures of 3.33
pounds of digestible nutrients for each 1-pound gain in weight of
cows and 2.73 pounds debit for each 1-pound loss in weight. In
using these factors the question arose as to how often during the
season they were to be applied, also whether they iwere to be applied
to the groups or to the individuals. Obviously, if such factors were
applied daily, erratic results would be obtained because of the wide
Auctuations in weight due to fill from day to day. On the other
hand, if applied only to the gains and losses for the entire season,
it would be possible for cows to Jose flesh and then regain it before
the season closed, thus nullifying the influence of different factors
for gain and loss. In this investigation the computations were marle
monthly, and were based on the gains und losses of mdividual ani-
mals by calendar months. The reason for calculating the gains and
losses separately rather than the combined gain or loss of the group
is that the figures for gain and loss would cancel out, and the full
influence of the different factors for gnin or loss would be lost.
For example, if there were six cows in g group and two of them
showed 2 combined loss of 30 pounds and four showed a combined
gain of 40 pounds, the factors for loss or gain were applied separately
fo 30 and 40 pounds. making a net credit of 59.3 pounds of nutrients
for the pasture, rather than applying the factor for gain to 10
pounds, the difference between 80 and 40, which would make a eredit
of 35.3 pounds of nutrients for the pasture.

EATIMATION OF HFEREAGE YTELDS FROM HAMVESTED QUADRATS

Yields of herbage were also estimated by harvesting af various
times during the season small arens representative of the entire
pasture. The grass was harvested by hand plucking, with an attempt
to obtain herbage similar in quality and quantity to that eaten by
the animal:, In order to arrive at a standard to govern the harvest-
ing, careful observations were made on the pasture that was being
grazed at the time, noting in particular the intensity of the grazing
and, if possible, the preference shown by the animals for certain
grasses. The practice on the Hohenheim or fertilized rotationally
grazed pasture was to harvest four to six areas, each containing 16
square feet, the day before grazing was started. On the continu-
ously grazed pastures 100-square-foot areas were harvested from
fenced-off movable quadrats in 1930, 1981, and 1932. Beginning in
1933 wire cages 4 by 4 feet were used (fig. 8). Yields were faken
every 15 days during the flush growth in the spring and every 30
days thereafter. After each plucking the cages were moved to a
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new area that had been previously grazed. Yields were taken in
such inanner that it was possible fo compare the nitrogen carriers,
nitrate of soda and sulphate of ammonia. The harvested material
was saved for moisture determination and chemieal analysis.

EBTIMATION OF RELATIVE ECONOMY OF YIELDS FROAD DIFFERENT PASTURE TREATMENTS

A common method of estimating whether certain pasture treat-
ments are profitable is by measuring the difference in terms of milk
and then assuming that the value of any additional milk represents

Ficnee 3—COue of the woven-wire cages used In studying the productivn of the pastures,
1933, Note the ungrazed clumps of grnss in the backiroumi,

the value of the pasture treatment. The net returns are estimated by

deducting the cost of the treatment. The objections to this method

are that the net returns of a ?asture treatment are influenced by
¢

the producing ability of the herd, the efficiency with which the dairy
operations are conducted, and the price of the milk. The object in
applying improved methods of management or fertilizers to pas-
tures on a dairy farm is to increase the yieldl of nutrients for milk

roduction which may be obtained from the pastures. The question,

owever, is not whether the extra nutrients produced in this manner
will make a certain amount of milk or other products, but whether
they have been produced more cheaply than an equivalent amount
could have been produced by other crops or purchased. This is
called the feed-replacement method of gstimaling the economy of
pasture yields,

After the effect of a pasture treatment has been measured in terms
of total digestible nutrients, the quantity of feed, either commercial
or Liomegrown, that would be required to supply the amount of nutri-
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ents provided in the extra pasturage can be readily estimated. The
cost of raising or buying this feed cun then be compared with the
cost of the pasture treatment, in order to find out whether the

treatment paid.
CLIMATIC DATA

The total annual rainfall in the vicinity of Beltsville during the
¥eriod of the experiment is shown in table 1. Tt did not differ mach
rom the 48-year average except in 1930, when this regio. . experienced
the most severe drought in history. During that year the total rain-
fall of 17.93 inches wus 22.42 inches below the 48 year average. The
greatest fluctuation was in the total monthiy precipitation which
ranged from .21 inch in October 1930 to 12,41 inches in September
1834. A comparison of the 48-year monthly average precipitation
with the 7-year monthly average shows that the greatest deficiency
occurred during July. The average precipitation for Angust and
September during this 7-year period was influenced hy the heavy
rainfall in 1931, 1933, 1934, and 1985, the maximum average monthly
precipitation for these months in those years varying from 7.53
inches to 12.41 inches. These large amounts of rain generally oc-
curred with such intensity that much of the moisture was lost in
run-off and the physical condition of the soil was affected. In gen-
eral, temperature conditions were normal except in 1930, when tem-
peratures were ubove the uverage during the summer months.

TarLE L—Actual monilly precipifation, 1538-83, compared with f8-yeur average
wonthly precipitation
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GROWTH OF THE PASTURES

CONDITIONS AFFECTING GROWTH

Pasture A came up to a good stand in the fall of 1928, but made
slow growth as part of the pasture was heavily infested with chiclk-
weed, which retarded the grass growth and reduced the stand. On
November 21 these areas were sprayed with iron salphate solution,
but the results were not entirely satistactory, probably due to the low
temperutures and extremely high winds immediately ufter spraying,

Pasture A suffered ruther severe injnry in the winter of 162820, 1t
being estimated that 50 Hercent, of the original stand was winter-

killed, recovery was slow during the spring, and chickweed continued
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to retard the grass growth. To improve the grass stand, an addi-
tional seeding of one-half the original grass seed misture was broad-
cast on March 13, 1929, along with the seeding of clover and lespe-
deza, A cultipacker was used to cover the seec% and to set the plants
which had been heaved during the winter.

The spring-seeded pastures, B and , came up to a good germina-
tion and made rapid spring growth. By July 1 the stand and growth
on these pastures was equal to that of pasture A.

The pasturves were clipped once in early spring to reduce the
chickwoed growth end to thicken the turf before srazing was
started, June 1, Recovery was rapid after mowing and good growth
continued until late summer when lack of moisture was u limiting
factor. The ryegrasses and meadow fescue furnished most of the
pasturage during the spring and early sumimer, with redtop, timothy,
orchard grass, and Kentucﬁy binegrass increasing as the scason pro-
gressed. The legumes were suppressed by the dense grass growth
early in the season and by the dry weather in late summer.

When it became apparent that the original seeding of lespedeza
had been crowded out by the dense grass growth, ¢ pounds of com-
mon lespedeza and 4 pounds of Korean lespedeza per acre were
seeded 1n March 1930. Lespedeza germinated well but by late
spring it was again crowded out by a thick stand of grass. At the
time grazing was started this season the ryegrasses and meadow
fescue were 8 inches high with Kentucky bluegrass, timothy, and
orchard grass approximately 4 inches. The ryegrass was largely the
perennial species, the Italian ryegrass having gone out late in 1929,
After the middle of June the pastures did not make any growth
because of the drought. The cattle remained on them until Sep-
tember 22, at which time they were obtaining practically no pas-
turage. It did not seem likely that the pastures would survive such
severe drought and high-temperature comditions. In April 1931,
however, all pastures had practically recovered except two arens
where perennial ryegrass predominated. This grass suffered more
from the dronght than any other species, and the plants that sur-
vived recovered very slowly. By the middle of summer Kentucky
bluegrass was established in most of these areas. By the end of the
1931 season the plant cover was as dense as it had been before the
drought.

The greatest changes in botanical composition began to appear
during the season of 1931, between the fertilized pastures (A and B)
and the unfertilized pasture (C). Kentucky bluegrass increased
rapidly on the fertilized pastures but some perennial ryegrass re-
mained, while on the unfertilized pasture the perennial ryeprass
disappeared almost completely with Kentucky bluegrass, orchard
grass, and redtop making up an equal percentage of the cover. The
clovers did not recover from the drought of 1980, while lespedesa had.
not become sufliciently established to add materially to the pusturage
on either the fertilized pastures or the unfertilized pasture.

A good spring growth was obtained in 1932. The unfertilized
pasture was about 10 days later than the fertilized pastures, with
redtop more prominent on the former and Kentucky bluegrass and
orchard grass making up most of the cover ou the latter. During
July and August the grass growth was very slow. Lespedeza fur-
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nished 35 percent of the Lerbage on the unfertilized pasture durin
the summer months, this being the first year that this legume ha
been prominent in the mixture. It was not present on the fertilized
pastures except in small areas where the grass stand was thin, It s
believed that the heavy nitrogen fertilization, which produced a
dense turf and growth, suppressed the lespedeza.

Merne <,—The unlertilized continuously graged pasture, showing Uwe thiek stand of
lospedez, 1933,

In 1933 climatic conditions were ideal for pasturage during the
entire season except for a short period in Jate full. The fertilized
pastures were ready for grazing approximately 2 weeks earlier than
the unfertilized pasture. After July 1 this latter pasture furnished
as much grazing per acre and. for some periods, more than either
of the fertilized pastures. Its comparatively good showing was
largely due to the predominance of lespedeza (fig. 4), which was
estimated to form 65 to 75 percent of the herbage during August.
September, and October. When the pasture yields for these months
were calculated in terms of total digestible nutrients, the unfertilized
pasture furnished almost 800 pounds more nutrients per acre than
the fertilized pastures. Grazing started equally early on all pastures
in 1934. The dense growth of lespedeza during the 1933 season, it
is believed, was the principal factor in the increase in the earl
growth of the unfertilized pusture. The lespedeza was not as promi-
nent during the summer months of 1934 as in 1933, probably due to
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the dense grass growth in early spring. The pastures made rather
slow growth in July and part of August, but recovered late in
August and made excellent growth, furnishing the best fall pasturage
since 1929.

All pastures were ready for grazing at about the same time again
in the spring of 1935, and made good growth most of the season
except for a short Rermd in Aungust, when lack of moisture reduced
production. Lespedeza furnished about 50 percent of the herbage
during the summer months of this year on the nnfertilized pasture.

RELATIVE AMOUNTS OF GROUND COVER SUPPLIED BY DIFFERENT
GRASSES AKD LEGUMES

PLANT TOFULATION IX THE PERMAXFERT QUADEATS

Table 2 shows the relative changes in the character of the pastures
during the experiment, as determined from the readings of the per-
manent quadrats on pastures A-2; A3, A-4, and pastures B and C.
The percentage of area considered as being occupied by each kind of
grass or legume, the weeds, and the percentage of bare ground, was
caleulated from the average of the readings made in the spring and
Iall of each year except 1929, when plant populations were deter-
mined by counting the individual plants.

TABLE 2.—Tnitiul stands, und the percentages of bure ground and of ground cover
supplied by different gragsey and legumes, for a period of ¥ years, on pastures
rotation graved, eonlinuonsly grazed, feriilized, and unfertilized
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TarLe 2—Initial stands, and the percentages of bare ground and of ground cover
supplied by different gresses and legumes, for a period of 7 years, on pastures
rotation grazed, continuously grazed, fertilized, and unfertilized—Continued
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quadrats, except the one that had been located in pasture A-4, on an
area selected to observe the character of subsequent growths where
the plant cover had been reduced by winter killing. The percentage
of bare ground in relation to grass cover was highest in the spring
of 1981, following the severe drought of 1980, but with more favor-
able rainfall in the spring and summer of 1931 the grass cover had
increased 50 to 75 percent by the fall of that year, It was the only
year when striking changes were recorded between the fall und spring
estimates.

During other years the variations in cover between spring and fall
were Influenced by the presence of crabgrass in summer, which re-
duced the cover of desirable grasses, and the slow recovery during
fall, of such grasses as orchard grass, timothy, and redtop. Favor-
able climatic conditions for the growth of white clover during certain
seasons also contributed to some differences in the cover between
spring and fall.

While comparisons of the seasonal results (table 2) obtained on
the permanently marked quadrats with those on the random-selected
areas {table 3} indicute considerable variation in the plant cover,
the changes in the permanent quadrats and the random areas from
year to year show a trend that is quite similar for all pastures. On
the pastures receiving fertilizer, Kentucky bluegrass rapidly became
the predominating grass to the virtual exclusion of other grasses.
On the unfertilized pasture Kentucky biuegrass also predominated,
but with orchard grass and red top contributing a substantial propor-
tion of the grass cover. Timothy and perennial ryegrass persisted
to a minor extent in all pastures after the first few yeurs. The re-
duction in stand of annual lespedeza was influenced more by the
heavy fertilizer applications than was the white Dutch clover.

COMPARATIVE REBULTE OBTAIRED FUGM RANDOM-SELECTED AREAS

The average percentages of ground cover for different grasses or
legumes as obtained from the random-selected areas in 1933 und 1935,
are given in table 8, for comparison with the data in table 2.

Tabte 8.—Botanical gnalysis of random-selecied areas (1933 and 1935)
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‘When the estimates of ground cover, based on the random-gelected
areas of pasture A (table 3) are compared with the estimates based
on the three permanent guadrats in this pasture (table 2) for the
same years, the greatest difference is in the percentage for Kentucky
bluegrass and clover {mostly white Dutch). The random-selected
areas showed a significantly higher average percentage of these
species than the permanent quadrafs.

When a similar comparison is made between the permanent quadrat
and the random-selected areas in pasture B and in pasture C, a
greater variation between species as well as between different years
1s shown thun was the case for pasture A. JMoveover, in 1033 the
permanent quadrat, both in pastere B and in pasture €, showed a
relatively higher percentage of Kentucky bleegrass than the random-
selected areas, wlhile in 1933 the percentage was reversed. This
would indicate that in pastures B and ' the permanent quadrat was
not located on a representative aren of the pasture, and that a greater
number should be used to obtain an accurate botanicel analysis,
The data based on random areas only, for the years 1933 and 1935
(table 8) show that at the end of the experiment the only significant
difference in plant populution between pasture A, which was grazed
continuously the last three pasture seasons {1933-35) and pasture
B, which was grazed rotationaliy the last three sensons, was a higher
percentage of white clover in pasture A, The same condition was
true in 1933, when the grazing practices In the two pastures were
reversed.

UNIFORMITY OF GRAZING

One of the advantages claimed for rotation grazing is that the
pasturage is grazed more uniformly so that fewer bunches of grass
are left ungrazed. Observations for 6 years showed that there is
practically no difference in this respect between pastures grazed
in rotation and pastures grazed continuously.

CLIPPING THE PASTURES

In June, every year, after some of the grasses had grown up in
clumps and formed seeds, the pastures were clipped to get rid of this
ungrazed grass and to permit & new and more palatable growth to
take its place. Much of the newly mown grass was eaten by the cattle,
but any that became bleached by the sun and lezched by the rains
wae apparently avoided entively. In only one of the six seasons
was the yield of clippings sufficlent to justify making them into hay
and removing them from the fields. In the other five seasons the
clippings were allowed to lie in the pastures just as they were mowed.

Only one-half of each of the pastures was clipped in 1935. The
purpose of this wus to see whether the ungrazed clumps would be
eaten evenfually, and whether there would be any difference at the
end of the season in the uniformity with which the clipped and
unclipped portions were grazed. The catfle ate the clumps of tall
grass on the unclipped half little by Bttle, and at the same time
clumaps were reappearing on the clipped half, At the end of the
2?80“’] it would have been difficult for one to tell which half had been

ipped.

The clumps of grass developed for the most part beeaunse of the
droppings of the cattle. The young growth on such places was re-




BOHENHEIM SYSTEM OF PERMANENT DAIRY PASTURES 21

fused after it was mowed in the same way as the more mature growth
was refused before it was mowed. Clipping is also desirable as a
means of controlling weeds, but there is no evidence that clipping of
heavily grazed pastures, free of weeds, will serve any useful purpose,

YIELDS OF HERBAGE AS ESTIMATED FROM HAND-HARVESTED AREAS

The annual yields of herbage, expressed in pounds of dry matter,
for the experimental pastures, us determined from the yields of hand-
harvested areas, are shown in table 4.

FasLe 4—Annual yicld of herbage per aere (dry-maiter dasis) on the un fertitized
pasture and on different parts of ferlilized pastures, according to the form in
whick nifrogen was applicd?

Rotationally grazed, Continuonsty grazed,
fartilized with— fertilized with— Continu-
ousiy
eraged, nob
Sedium  [A jnm| Sodium A jum| fertilized,
nitrate, siiphute, nitrate, sulpbate, | Pesture C
pasiure A | pastora A | pasture B | pasture B

Pounds Pounds Paunds Poundy Poundy
22,771 L3 Arrd 23 OR6D 72,809 3T
15, 183 15,183 05, 378 14,379 8, 157

4,535 2, 435 14,183 *4, 163 7,82

Pasture 33 | Postore T3 | Posiare A | Pasture A | Pastora O

2,93 3,146 4, 756 4,35 4,23
1, 337 1,828 3,078 3,018 2,365
1,538 2, B35 2,968 3,174 2,558

Averafe .. . L o ... 3,083 3,005 4, (34 3, 803 3.274

T Avernge yield on roiation-grazed fertilized pustures for fyeur pariod wes 3,074 pounds per acre; on
continuensly grased fertilized dpastum, 4,015 pounds. i
? Yield not taken by individual treatments of pitrate of sods ynd sulphate of nmmonia,

Theoretically, rotation grazing should give an incressed produc-
tion of herbage. From the data given in table 4, however, calcula-
tions show that the yield of herbage (dry-matter Basis) on rotation-
grazed fertilized pasture was only 76.6 percent as much as that on
continuously grazed fertilized pasture for the 6-year period,

Observations of herbage and natrient yields as determined with
grazing animals (pp. 25-6) show that pasture A was naturally more
productive than pasture B, yet the estimates based on hand-harvest-
ing methods indicate that during the first 3-year period when pas-
ture A was under rotation grazing it produced only 89.0 percent as
much herbage (table 4) as pasture B when continuously grazed;
during the last 3-year period when the grazing treatments were re-
versed, pasture B produced 60.9 percent as much as pasture A.

The data showing the yield of herbage undoubtedly were infln-
enced by the difference in the frequency of harvesting by hand.
When pastures A and B were under rotation grazing, yields were
taken on an average every 17 days, while under continuous grazing
the yields were taken every 30 days except the period of flush growth
in the spring. This shorter interval between dates of hand-har-
vesting will give a lower total annual yield, as many previous ex-
periments have indicated. Another factor that makes the figures
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for the rotation pasture less than they should have been was that
the growth made during the 8-day period when the cattle were graz-
ing a pasture was not determined, since the quadrats were not
fenced. This growth would be sufficient, especially in the spring, to
increase the total yield of herbage materialty.

Under continuous grazing the unfertilized pasture produced 8L.5
percent as much as the fertilized pasture. The form in which nitro-
gen was applied seemed to muke little difference. On pasture A
nitrate of soda produced 6.2 percent more herbage than sulphate of
ummonia, while on pasture B sulphate of ummonia produced 5.1 per-
cent more herbage than nitrate of soda.

CHEMICAL COMFPOSITION OF THE HERBAGE

Table 5 shows the average chemical composition of the lierbage
harvested at various periods from the fertilized pastures (A and B)
during the 3-year period, 193335, when pasture A was grazed con-
tinuously and pasture B was rotationally grazed. Table § also
shows the composition of that harvested from the unfertilized pas-
ture C in the same 3-year period. The herbage was plucked by
hand, as described under Estimation of Herbage Yields from Hax-
vested Quadrats, with an effort to obtain samples representative of
that consumed by the cattle. The unalyses of the herbage from the
rotation-grazed fertilized pasture represent composite samples har-
vested from the six units of pusture B during each complete rota-
tion of the cattle over all six units. Each unit received on an aver-
age eight grazing rotutions during the pusture season. The analyses
of herbage from the continuously grazed fertilized pasture—that is,
pasture A when continuously grazed-—represent composites of sam-
ples taken in the six different areas at each date of harvest. Those
for the pasture that was continuously grazed but not fertilized (pas-
ture C) were taken from two different areas at each date of harvest.

TanLe f.—Averuye chemical gomposition of the herbage (dry-motier basis) on the
three different pustires during the 3-gewr period, 1933-35
ROTATION-GRAZED, FERTILIZED PASTURE BB

Nan- | Nitra-

Form i ]}"};[‘\h"r}"”?ﬁ{“:i Agy 1 Bther | Crude | Crude |*'Prue”|protein geu- | Cal- | Phes-
¥ Ha Klrae ITLH, nitro- rea cium | phorug
WHE “{’Ff el s preri AR bagtret| nber | protein | proein| nit f i ph
o nnalysis | ren extracl

Sadinm nitrate: LPerecnt | Pereent | Pereent | Pereent | Poreent | Pereent | Percent | Pereent Pererat
FirsL roislion iK1 470y RLTT [ OIER2 [ 6.0l LA | 46,73 0. 48 UA7

sSecond rotytion 877 SEE 2o.48 | 1ndd [ 14 A0 2131 44 1% i AR
Third rolulion H R 517 24,35 14, 20 Li. 66 L4 43,00 Va2 ]
Fourt b rotat fon o, 42 A, 81 2470 1505 18, 44 L22) 451 Y AT
Fifth roindian LA | b2 2 AG 14,43 12,75 L2 47, 0l N A4
Bixth rotation i 4. 0% 5.2 23, 33 148,78 16, 54 248 Al M La13 ]
Seventh rolntion L 1] a0 22,801 2.04 16, il [®f 42, 4] ] Ll
HKighth rotation 10. 4% 524 21, 55 18, 74 . 54 L. Gii 44, 03 L Lok
Average .. . oo | a7 | enss| mmoz| ases| L] sav] 00 4
Ammeniuti sulphate: I B ‘ LR
First rotation . N Ah 486 | 2019 18,79 18,01 210 | 4831 . e .48
Second retutimi. o2l oS00 2860 189 | 1508 247| el L@ .50
‘Third rotation .. . 10, 02 511 25 40| 18 58 16, 285 1. 74 4], 41 I L 4B fl
Fourih rotation.. " 4] 17 0.0 1412 1242 L2 [ 45 &7 .51 A7
FifLth rotntion.. . LR 5.43 2,78 14, 31 1587 LQU | 4k [ i) A7
Bisth rotation_ .. . H. 53 iR | 23, K5 18. 4% .75 167 FERIEN .48 Lal
Seventhrotation... .. | & 04 o6 2405 20,04 1T L6 | 4L 93 16 LG58
Eiehth retation... 100 513 2401 18. 2% 16, 28 1,48 44. 14 42 )

|
Avernpe. ... E fa 14 h A U8 MBS 1T & 15, 32 1.07 l 43. 84 [ i) .50
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TaBLE 5—dverage chemical conposition of the herbage {dry-iatter bagig) onihe
three different pastures during the B-year period, 1833-35—Continued

CONTINTOUSLY GRAZED, FERTILIZED PASTURE A

: : ' Nen- | Nitro-

Form in which pitrogen ih Crude | Crade [ True” teini Th
was applied, and period e jLrude | Lrida e |Protein] gen- : 05-
of ahalysis fher |protein | protein ngilérno- ftr::ct phorus

Sodinm nitrate: Pereent Percent (Pereent Percent | Percent | Percent | Pereent
AprH .51 20.32| 203 3 . 3 X 4. 50
.73 1730 .
235.1% 1597
. ) .35 i7. 31
Atpsl . 2444 | 20.32
September. . : 21,83 | oD
Cetober___.___ .. 3 3 22,93

Average N L 154
Ammonjlum sulphinte:
Apri

20, 42
15,97

PR

o | @onmpm g gyar
2| EBAGEES

&

PASTURE C

1,76

Wos| 138
1504 LE7

The fertilized pastures produced herbage higher in crude protein
early in the season than the unfertilized pasture (table 5). As the
growth of anual lespedeza increased early in July on the latter pas-
ture, the percentage of crude protein in the herbage increased rapidly,
and continued to maintain a comparatively higly level unti] the end
of the season. As a result, the average seasonal composition of the
herbage on this pasture compares quite favorably with that of the
herbage on the fertilized pastures. The averauge percentage of crude
protein was higher and the crude fiber lower for herbage on the con-
tinuously grazed fertilized pasture than for that on the rotation-
?rrazed fertilized pasture, although the herbage was harvested more

requently on the latter pasture. The averages for erude fiber con-

tent of all samples were 28.56 percent for the continuous pasture and
24.22 percent for the rotation pasture; those for crude protein wers
19.22 percent for the continuous pasture and 17.78 percent for the
rotation pasture,

.. The ealcium and phosphorus content was sufficiently high at ail
times for the nutritional requirements of the cattle. The amount, of
caleium, which was lowest during May, varied more during the
season than the phosphorus content, which was quite uniform.

These data indicate that under the conditions of this experiment
the herbage on a pasture grazed continuously is us high in feeding
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value, as indicated by its chemical composition, as that on a similar
pasture grazed in rotation, when both pastures arve fertilized in the
same manner and grazed with similar groups of cattle, Also, with
herbage from an unfertilized pasture in which annual lespedeza main-
tains an optimum stand and growth along with desirable grasses, it
appears that the composition will be equally as high in feed nutri-
ents in the summer and fall as with herbage from a fertilized pasture.

PASTURE YIELDS AS MEASURED WITH DAIRY CATTLE

Results of the work with dairy cattle in this investigation are con-
tained in tables 6 and 7. Table 6 shows the dates and days of grazing,
the supplementary feed, production of milk, gain or loss in weight,
nutrients required, nutrients credited to pasture, and the percentage
of total nutrients required that were furnished by the pasturage.
Table 7 shows the yields of digestible nutrients by months for the
different pastures. The data in both tables ave stated on an acre
hasis. The averages in table 7 are also shown graphically in figure 5.




-

TaBLE 6.—Record on a per-acre basis, of grazing, supplementary feed, production of milk, and butterfat, gains or losses in live weight, digestible-
nutrient requirements, and nulrients credited to pastures when rolation-grazed and fertilized, when continuously grazed and fertilized, and a
pasture continuously grazed bul not fertilized

ROTATION-GRAZED, FERTILIZED

QGaln {4) or
) Proportion

Supplementary feed Production | 1058 (_? in Digestible nutrients
per aere . live weight Be LT of total
Heif- brr acre per acre required nutrient ],)“i;ﬁ‘;’gg’tf

Cow-| SqUire-
days | £T req credited
days ments sup-
per I)t‘)r C"L‘ﬁfé‘,&ﬂ“‘s Hay caten— g‘;ﬂ{‘ For plied in | to Dasture
Date acTe | oore . Butter- Heif- o | Bain supplemen-| Peracre
ate ! in tary feeds

% Iat ers
ended ; By | By | By By duc- ; ¢
cows |heifers{ cows |heifers tion |Welght per acro

Grazing

. Lb. { Lb. | Lb, . . Lb. . s L Lb. Lb, Lb.
Sept. 22 b 698 2461 203 1,103 103 810
Oct.. 11 897 504-| 204 3 1,321 240 1,189
5 657 310 0 3 88 1,006 219 ¢ 71

821 49 0 31, 1,198 178 ) 3 642
218 12178 3, 67 44 1,238 270 13,758 (1,056
126,37 g 1,102 357 910

[ L2 . 57 204 130,00

CONTINUOUSLY GRAZED, FERTILIZED

Sept, 22 &01 249 {157 s 94,68 | 419
Oct.. 11 533 443 | 323 108, 46. | —44
Oct. 18 644 273 0 108.68 | —5t
Qct. 18 797 57 0 k 132. 72
Oct. 31 1,052 330 {7137 3 125,74
Oct. 18 999 309 3 | 119.40

—euwia| ADIL Oct. 15 784 N 114. 61

CONTINU

Sept, 22 531 546 161 2, 309 . —27 .
Oct. 11 ¢ 167 76 239 2, 309 . ~14 2,158+ . 11, 659
Oct, 18| 176 Kt 0 1,731 . —~3 p 1, 840 8 1,517
Qcti 18] 175 103 20 0 3,162 +35 3,283 5 2,734
Oct. 311 191 118 2200 3, 156 +45 2 3, 387 5 2,240
Oct, 18| 170 97 36 2216 2,757 | 113.08 | +48 1,556 80 2,928 | 870 . 2,052

Awmgo-..} Oct. 15| 175 86 [ 660 camene 2,560 { 99.10 | 14 1,454 2, 567 1,808

SHIALSYd XAIVA LNENVIVIHI 0 WALSAS NITHNEHOH

! Inchides nutrients in hay that was cut from pastures, but not fed to cows in this experiment: 208 pounds, pasture A, 120 pounds, pasture B, and 127 pounds, pasture C.

2 Silage.

gc




26 PECHNICAL BULLETIN 860, U. 8. DEPT, OF AGRICGULTURE

Tapre T.—Quanlitics of digestive nulrients per acre obteined from
caperimental pustures, by months

ROTATION-GRAZED, FERTILIZED

Yield of tolal digestiblo nutriants per aere

Saptam-| Octo-

April | Aay | Inps July |August hor ber

Pourdy| Pounds| Pounds| Pounds| Pounds| Pounds| Pounds
443 606 254 8B 82 40 0

0 651 405 212 384 478 220
183 | 3,077 455 412 il 178
260 | 1,085 A8 313 472 204

12 o2 20} 288 408 (55
151 G 38 133 73 8

135 Bt 452 248 308 He

CONTINUOUSLY QRAZED, FERTILIZED

233 133
31
334
133
327
83

357

CONTINUOQUSLY GRAZED, UNFERTILIAED

hif i) 68
Gt 231 1y
[541] 165 a7
T 1RG 487
Ay HiT 24
288 piri-)

[obelelolols]

Averape, . e e amo ] B 243 bt

—— ROTATION-GRAZED FERTILIZED PASTURE
CONTINUOUSLY GRAZED FERTILIZED PASTURE  —
= GONTINUOUSLY GRAZED UNFERTILIZED PASTURE

708

600
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NUTRIENTS {POUNDS)
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1co

C
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MONTH

Ficuus S—Compurniive montliy ylelds of toial dipestible nuirisits as moensurcd by
praxing dairy oattie.

The supplemént:u'y feed (table 7} for the most part was concen-
trates, although « small amount of hay was fed the first 2 years and
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a small amount of silage the Jast 2 years. A Iittle less than 27 per-
cent of the total amount of nutrients required was provided by the
supplementary feeds. The exact percentages for the different pas-
tures were as follows: Rotation-grazed, fertilized, 26.8 ; continuously
grazed, fertilized, 26.6; continuously grazed but not fertilized, 26.9.
The ratio of grain fed to milk produced by the cows on the different
pastures for the 6 years was 1:4.1; 1:4.0, and 1:8.9, respectively.

YIELDS OF MILK AND GAINS OR LOSSES IN LIVE WEIGHT

The average daily production per cow was 28.4 pounds of milk
testing 3.72 percent butterfat on the rotation-grazed fertilized
pasture; 26.7 pounds testing 3.81 percent on the continuously grazed
Tertilized pasture; and 98.5 pounds testing 8.86 percent on the con-
tinuously grazed unfertilized pasture. The average yields of milk
for the season on the acre basis were 3495, 3,012, and 2,369 pounds
for the three pastures, respectively (table 6).

The aversge gains in weight of cows and heifers together for the
season on an acre basis were very nearly the same for the three pas-
tures. These were 99, 95, and 97 pounds, respectively.

GRAZING AND SUPPLEMENTARY FEEDING

The date cattle were first turned on the fertilized pastures in the
spring varied with the different years, from April 14 to April 38,
the average date for the 6 years being April 20 (table 6). In four
of the six years, cattle were turned on both the unfertilized pasture
and the fertilized pastures on the same date. In two of the years,
grazing started 10 and 13 days later on the unfertilized pasture than
on the fertilized pastures. While grazing was started on the unfer-
tilized pasture only 4 days later than on the fertilized pastures, on
the average, it is probable that the growth on the fertilized pasture
was a little more than 4 days in advance of that on the unfertilized
pasture, but probably not more than 10 days in advance. The early
spring growth on the unfertilized pasture 1s attributed to the nitro-
gen stored the previous season by the lespedeza, which acted in the
same way as the nitrogen applied in the form of fertilizer,

The length of the grazing season for all pastures varied with the
different years from 161 to 191 days, with an average of 179 days for
the fertilized pastures and 175 days for the unfertilized pasture.

The number of days’ grazing supplied to the heifers was only
slightly less thar the number of days’ grazing that was supplied to
the cows. The tofal number of days’ grazing per acre supplied to
both cows and heifers combined was 238 for the rotation-grazed
fertilized pasture; 222 for the continuously grazed fertilized pasture;
and 178 for the continuously grazed unfertilized pasture.  As the
average weight of the cows and heifers combined lacked less than
50 pounds of being 1,000 pounds, which is the standard weight for
estimating the unit days {)]8) of grazing, the sum of figures given
for days’ grazing by cows and heifers will also approximate the unit
days of grazing.

COMPARATIVE YIELDS OF NUTRUENTS

The average quantity of digestible nutrients credited to rotation-
grazed fertilized pasture for 6 years was 2,533 pounds per acre per
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season, and that credited to the continuously grazed fertilized pas-
ture was 2,295 pounds (table 6).

Apparently rotation grazing at Beltsville resulted in a 10.4-percent
increase in yield of digestible nutrients. Rotation grazing with dairy
cattle increased the yield of digestible nutrients 8.9 percent at the
Western Washington Experiment Station (§) and 1 percent at the
Virginia Agricultural Experiment Station (9). On the other hand,
two experiments (3, 74) with beef cattle showed that continuous
grazing was superior to rotation grazing in the amount of beef
produced per acre.

The fertilizers used and the quantities applied per acre were stated
under Plan of Imvestigation (p. 9). The pastures that received
fertilizer were heavily treated during the first 83 or 4 yeurs of the
experiment, but were less liberally treated in the remaining years.
As previously described, the amount of nitrogen fertilizer apphed in
1930 was reduced on account of the drought. Also, fewer applica-
tions were made in subsequent years than at first because 1t was
found that applications later than June did not benefit the growth
of grass materially for the rest of the season.

The comparison of pasture yields fo determine the influence of
fertilizers should properly be made between pastures B and C, as
was explained in the plan of investigation (p. 5). Since pasture
B was grazed in rotation the last 8 years, however, and pasture C
was grazed continuously every year, the yields of pasture B for the
last 3 years must be adjusted to a continuously grazed basis. This
adjustment was made by dividing the 3-year yields of pasture B by
the factor 1.104, since the ratio of continuous to rotation grazing
yields was 1.00:1.04. The yield for fertilized pasture then became
2,210 pounds of digestible nutrients per year per acre, as compared
with 1,808 pounds for unfertilized pasture. The application of fer-
tilizers increused the yield 16.4 percent. It is thought that the in-
crease due to the application of fertilizer would have been someshat
creater if the kinds of plants that made up the herbage in the un-
Tertilized field had been the same as those in the fertilized field. The
yields of the unfertilized pasture were no doubt greatly improved by
the growth of common lespedeza, which came into the unfertilized
pasture to a much greater extent than it came into the fertilized pas-
ture. It is not known at present whether the lespedeza could be
depended apon to come into other pastures in this latitude, when they
are managed similarly to this unfertilized pasture.

The combined effect of rotation grazing and the application of
fertilizers wus also determined by comparing the yields of pastures
B and C. In making this compurison, the yields of pasture B for
the first 3 years were multiplied by 1.104 to adjust them to the rota-
tion-grazed basis. The relative yields of the two pastures, after this
adjustment was made for B, are 2,440 pounds per year per acre for
the rotation-grazed fertilized pasture and 1,898 pounds for the con-
tinnously gvuzed unfertilized pasture. This indicates that the in-
creases (re to fertilization and rotation grazing was 28.6 percent.

MONTHLY YIELDS OF DIGESTIBLE NUTRIENTS

Table T and figure 5 were prepsred to show the yields of digestible
nutrients hy months throughout the season. The purpose was to de-
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termine whether either rotation grazing or the application of fer-
tilizers tended to wake the yields from month to month gny more
uniform. The unfertilized pasture yielded at the most uniform rate
throughout the season. This was because the peak growth in May
was less than that of the other pastures and because the common
lespedeza increased the yields from July on. Rotation grazing had
littlehor no influeese on the uniformity of yields from month to
month,
It is admitted that the variations in yields from meonth to month
cannot be measured with the greatest accuracy by the methods fol-
“Jowed, because it was impossible to have the pastures all grazed to the
same degree of closeness at the end of each month, Furﬁ':ermore, the
pastures were all grazed shorter as the season progressed. For this
reason, the growth early in the season was greater and that later in
the season was less than the results indicate.

ECONOMIC COMPARISON OF RESULTS

DID ROTATION GRAZING PAY?T

To determine the relative economy of rotation grazing and con-
tinuous grazing, the quantity of the additional digestible nutrients
obtained by rotation grazing must be converted to the equivalent in
a feed or feeds of known market value and of similar milk-producing
ability. The value of such feed or feeds must then be compared with
the cost of fencing the pasture into the smaller pastures, and perhaps
also the cost of providing shade and water in each pasture. In this
investigation the rotation grazing resulted in an adcﬁtional yield per
acre of 238 pounds of digestible nutriei.s. This quantity of digesti-
ble nutrients would be contained in 478 pounds of alfalfa hay or 389
pounds of wheat bran. For example, the average cost of raising 473
pounds of alfalfe hay is $2.86. The average purchase price of 473
pounds of No. 1 alfalfa at Beltsville, for the years 1981-83, was
$5.22.° The average purchase price of 339 pounds of wheat bran for
the past 10 years was $4.71.° Whether these values per acre of pas-
ture would be sufficient to compensate a farmer for the expense of
fencing his pasture into six subdivisions is something that cannot
be answered categorically. Another thing that must be borne in mind
is that the pastures in this investigation were at least twice as pro-
ductive as the average bluegrass pasture. The same percentage in-
crease for rotation grazing applied to pastures only one-half so pro-
ductive as the pastures in fhis investigation, would make the value of
the increased nutrients only half as much as stated above. It is doubt-
ful, therefore, if rotation grazing can be advocated for pastures of
Jess than medium productivity unless the fencing eosts and other ex-
penses incident to the subdivision of the pasture can be kept very
low.

On the other hand, if the pasture 1s above the average in produc-
tivity and an inexpensive type of fence is used, it appears that it
would pay tv cross-fence the pusture into a number of subdivisions.
The electric fence offers cne means of lowering the cost of fencing.

fAvernge of costs from fartm surveys in Wew York and Ohle $9.97 o ton.
B$22.07 a ton,
©$27.77 a ton at I'hitadelphio.
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Under the conditions of this investigation it is estimated that the
value of the inereased pasturage greatly exceeded what cross-fencing
with an electric fence would have cost.

Because of the location of the pastures and the inaccessibility of
water and shade, six subdivisions of the pasture may be toe many to
be practicable on many of the dairy farms of this country. An in-
vestigation is now in progress to compare a three-pasture rotation
with continuous grazing. The rotation pastures ave being grazed 1
week in every 3.

DID THE HEAVY APPLICATION OF FERTILIZERS PAY?

It appears that the question of whether heavy applications of
fertilizers pay can be answered satistactorily for ccncllitions similar
to those at Beltsville, However, the information obtuined at Belis-
ville concerning the use of fertilizers will not be as widely applicable
as the information obtained about rotation grazing. The kids and
guantities of fertilizers to use are dependent to a great extent upon
the soil und climatic conditions. Nuaturally, these vury widely in
different parts of the United States.

The cost of the fertilizer applied per acre during the ¢ years wus
as follows: 1930, $11.92; 1031, $12.19; 1932, $9.75; 1038, $7.14; 1434,
$2.88; 1935, $2.88; and total for the 6 years, $46.76.

Since the total cost for the &-yeur period was $46.70, the average
cost per acre per year was $7.79. In return for this expense the
quantity of digestible nutrients obtained was 312 pounds. This
quantity of nutrients would be contained in 620 pounds of ulfalfa
hay or 444 pounds of wheat bran. If alfalfa hay could have been
bought or raised for less than $25.14 a ton or wheuat bran could have
been bought for less than $35.09 a ton, it would have heen better to
use these feeds to provide this quantity of digestible nutrients than
to have obtained it from pasture by the application of fertilizers.

The application of fertilizers of the kinds and in the amounts
specified in this investigation did not pay under the couditions pre-
vailing at Beltsville. One reason for this, and perhaps the principal
vue, is that common lespedeza cume into the unfertilized pasture and
materially increased the yield. Neither common lespedeza nor any
other legume comprised any considerable part of the bherbage of the
fertilized pastures.

The phase of this investigation concerned with the use of fertiliz-
ers is being continuved. In nddition, a series of plots in a separate
pasture are being devoted to the problem of finding out what kinds
and quantities of fertilizers will be profitable. It is certain that
pastures will in time decline in fertility and in productivity unless as
much plant food is returned to the soil as is removed by the grazing
animals. For this reason, it appears that judicious applications of
fortilizers should be profitable. The question is what kinds and
amounts to apply.

DID THE HOHENHEIM SYSTEM PAY?

The combined increase due to rotation grazing and the use of fer-
tilizers was 542 pounds of total digestible nutrients per acre. This
quantity of nutrients would be contained in 1,078 pounds of alfalfa
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hay or 772 pounds of wheat bran. The average cost of raising 1,078
pounds of alfalfa hay is $5.37; 7 the purchase price of this quantity
of No. 1 alfalfa hay is $11.90;° and 772 pounds of wheat bran,
$10.72.> If from these prices is deducted $7.79, the cost of the fer-
tilizer, it can be seen that the Hohenheim system, under the condi-
tions of this experimerit, is of doubtful economic value, and this is
particalarly the case if the comparison is made between the cost of
the fertilizer for the increased yields of pasture nutrients and the
cost of obtaining an equal guantity of nutrients in home-grown
alfglfs hay, rather than in parchased hay or bran.

SUMMARY

Three fields of 12, 4, and 4 acres, respectively, in a good state of
productivity were used in un investigution of the Hohenheim system
of pasture management for dairy cattle.

A good 2-year-old stand of alfalfn on all the fields was plowed
under, and the fields were seeded with « complex pasture mixture of
grasses and legumes,

One pasture was divided into six equal units, heavily fertilized
each year with a complete fertilizer, und the units were grazed in
rotation ; another pasture was fertilized in # similar munner but was
grazed continuously; the third pusture was unfertilized and grazed
continuously.

After 3 years the method of grazing the first two puastures was
reversed, and the experiment with uli three pustures was continued
for another 3 years.

Ixcept for 1 dry year, 1930, the climatic conditions were not
very different from the average of 48 years.

On the two fertilized pastures the growth of the grasses suppressed
the legumes, and in a few years Kentucky bluegrass was predominat-
ing. Orchard grass and redtop were the maost prominent of the
other grasses remaining.

On the unfertilized pusture most of the grazing in spring was
furnished by Kentucky bluegrass, orchard grass, and redtop; and in
summer by common lespedezu.

Ungrazed clumps were as prominent in a pasture that wus grazed
in retation as in a pasture that was grazed continuously.

The yields of herbage harvested by hand from protected spots were
greater on continuously grazed pasture than on rotation-grazed pas-
ture. The more frequent harvesting of the herbage is thought to
have reduced the yield of rotation-gnrazed pasture. This result shows
some of the difficulties that may e encountered, and incicates the
necessity for exercising particular care In measuring the yields of
hand-harvested, caged arens, if such areas are to be used as the basis
for measuring grazing yields. _ )

The results obtained indicate that rotation grazing by dairy cows
and heifers increased the yield of total digestible nutrients 10.4 per-
cent; that heavy fertilization increased the yield 164 percent; and
that both rotation grazing and heavy fertilization combined increased
the yield 28.6 percent.

* Bame as footnote 4, p. 29
® Bame as footnote §, p. 28,
? Bume as footnote 6, p, 20,
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The fact that common lespedeza came into the unfertilized field to
a much greafer extent than into the fertilized fields is no doubt
responsible in large measure for the relatively good showing of the
former.

Heavy fertilization failed to improve the uniformity of carrying
capacity throughout the grazing season.

It appears likely that on most dairy farms in the United States,
an increase of 10 percent in the yield of nutrients obtained from a
pasture by rotation grazing would not be sufficient to justify the con-
struction of permanent division fences of the usual type and to pro-
vide the necessary shade und water in each pasture. = It is sufficient,
however, under many conditions. to justify the construction of u
cheaper type of fence.

The application of large guantities of a complete fertilizer was
not profitable.
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