
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




2 5 Ui.·5 IWI2.B 10112.51.0 	 11111 . 10 W Imlli\li§ m~ 
.2 11111 . w I~ Iw 

~~ W 
: If.£ . 2.0 
'" " I .... "II"~ .1 , 	

LIi 

1111,1.8 

25	 25 
.1""1. 1111'1.4 111111.6 	 111111. 11",1.4 ·111111.6 

MICROCOPY RESOLUTION TEST CHART MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF STANDARDS-1963-A NATIONAL BUREAU OF STANDAROS-1963-A 



Technical Bulletin No. 660 	 October 1938 

UNITED STATES DEPARTl\IENT OF AGRICULTURE 

WASHINGTON, D. C. 


THE HOHENHEIM SYSTEM IN THE MAN­
AGE!>MENT OF PERMANENT PASTURES 
FOR DAIRY CATTLE 12 

By T. E." 'VOODW"\RD, senior dairy husbandman, 'and J. B. SHEPHERD, o.ssocia/.c 
da.irJl h·II.~b(/lI(llll(£'I/, Dh'i,~ion of D(Lfry O(l.ftle Br('e(lil/y, Feeding. alld Mal/aye· 
'1Ilent, Burea.n of D(l,iry Ind1Lstry, and M. A. HEIN, agrr)nomist, Division of 
Forage C'rop8 and Disca,scs, BlIrccm of Pla,lIt Illdustry 

CONTENTS 

Puge Page 
Intr9duc'.ion •••. ".•... ,".. ..•. . .. . 1 Yields of berbage lIS estimuted from hand· 
Re"le? of American investi!miinns 3 harvested arellS..._._....... "" ......... . 21 
Pia;;. of the investigution.. Chemical composition of the herbage .... . 22 

Preparaticn of the postures ! Pasture yields as measured with dairy cattle". 21 " Estimating tho plnnt composil.ion of t.ho Yields of milk and gains or lesses in live 
ground cover............ . ~ weighL.............................. .. '.!.7 

Fertilizers used ............. " ... " __ 9 Grazing and supplementary feeding ••.... 27 
Methods of grazing and animals used. " • 10 Comparative yields of nutrients......... . 27 
Determination of pasture yields ..... 11 Monthly yields of digestible nutrients .. .. 28 

Climatic data............. ......... . I4 J<:conomic comparison of resuJ tB••_..._... __ .. . 29 
Growtb of tbe pastures................ __ .. 14 Did rotation grazing pay?..__ ......... . 20 

Conditions alfectin;:l growth.. ... .'"' 14 Did the heavy application of fertilizers 
Relative amounlsofground cover supplied 	 au 

by diITerent grasses and legumes....... . Ii Drd'r~e·iioheiiiieiiii·sl;sielii p~Y1=:=:::.:= au

21) Summnr~T_______________ ... __________________ _Uniformity of grazing ................... .. 	 3t 


Clipping the JllIStures••••••••••__• __._... . ~'O Literature cited .......__••__•.... __ •.•.••••.. 32 


INTRODUCTION 

C' The Hohenheim system of pasture management is so called because e it was first introduced at Hohenheim, Germany. A description of 
.t::I this system is contained in a review of the original experiment, which 
;:s. app~ to have been written by a representative of the Journal of 
o the .listry of .Agriculture for Great Britain (6).3 The following 
-- c01'n~ts were taken from that review::0 u~. 

:: The (prigiual Hohenheim experiment established by Dr. Warmbold included 
~ 	69 a~ of pasture diYidecl illto 10 euclosures from 4 to 10 acres each. The 

experment starte<l .in 1910 wht'n the pasture rt'qnired 1,4 acres to maintain 
a 1,0 ound cow .'~"lm the end of April to the beginning of October. 

Th . rtilizer al'l~. :ed Ilunually uuder the Holll'nlwim system was 107 pou\ldH 
per _ of pure nitrogen (500 pounds sulphate of ammonia equivalent) besides 

I Submitted (or publieaticfn :May 26, 1938. 
I This Is a cooperative investigation between tlle Division of Dairy CRttie !lreedlng, Feeding, Rnd Man. 

agement, Bureau of Dairy Industry, and the Division of Forage Crops and Diseases, Bureau of J>ll\nl 
Industry. The Bureau of Dairy Industry was responsible for the management of the pastures nnel men.UF-, 
leg the yields with dairy cattle. The Bureau of Plant Industry was responslhle for all the BllflmM\j" pllases
of the work; H. N. Vinall, senior agrcnomist, deccased. had an Rctive pnrt in the inWQHq~ and planning
oUhe investigation. 	 ., 

• Italic numbers In parentheses refer to Literature Cited, p. 32. 
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phosphate and potash. At the beginning of the treatments, 36 pounds of phos­
phoric acid (260 pounds of superpbosphate equivalent) and SO IJOUll(ls of potash 
(200 pounds 40 percent potash salts equivalent) per acre were applied to the 
lJUsture. Later, tbe phosph·tes a_lid potash were recluced but tbe amount of 
nitrogen continued the same. 

PboSllhate:; and potash were applied in autumn. Half of the nitrogen in 
the form of sulphate of IUnmonht was applied about February 1, and the other 
half in three separate applications, uRuully as un'n, in May, .June, and July. 
'l'he urea seemed to ha\'e SOme special Uc1YlUltage for summer application. 
Lime was upplied itt intervals of () years, itt tile rate of auout !lOU pounds per 
acrC'. 

A requirement of the s~'stell1 is that tbe grass mm;t be grazed in a young, leafs 
stage. If the here} was insufficient to keep duwll the vigorous growth at a 
cerblin time of the year, pnrt of the pasture was cut for h:l:,. The first "hite" 
of each enclosure was obtuhlN} h~' the best milk cows; after 2 or 3 dlQ'S 011 a 
lllot the~e cows were folio" -!~, h~' lower-yielding cows or by dry cows aud stock 
cattle. 

AlS(l, it uppC'ars thut, from 1918 onwanls the lll'uvy appli('atioll of fl'rtilizCl'S 
J'Psulted ill It CHlT),iug l'allaeit~· of I).:; uc-re' pe'r ('ow fo!' the grnzing spasOl. us 
against 1A :lC'res required pI the h~'ginnillg of the experiment. 

American inYeRtigators are not in agreement IlR to ·what practices 
constitute all t.he essential phases of the Hohenheim system. They 
do, howewr. agree that t\Yo of the main pmctices illYoh'ed are (1) 
l'otating the caUle OWl' ",epara.te parts of the same pasture, and (2) 
liberal application of fertilizers, particularly those carrying nitrogen. 
Some maintain that diyic1ing the herd acco"cll1t~ to the qlHmtity of milk 
produced, and then giyillg the highest-~;:;.oducihg cows the first chance 
at the fresh pasturage, is an addition tl essential part of the system. 
OtllE'l's a~sert that halTestina hay fl':)111 some of the nasture fields 
early in the Reason is also an Integi'a11lart of the system. It appears 
certaiu that all of these YariatioJls ,\ ere actually practiced by Dr. 
1Yarmbold at Hohenheim. 

The Hohenheim system of pasture managf'ment is primarily in­
tenc1ed for c1a,iry c[tttle, although other livestock may be benefited also. 
Its principal purpose is to increase the yield of l1utri~nts for milk 
and butterfat prodnction from the pasture, by maintaining the herb­
age in an immat1ll'e, rapidlY growing stage thronghout the growing 
season. as 'Yen as to increase the total yield of llutrients obtained by 
the cattle and other Jiyestock. 

In ,i('''' of t11e apparent SllCC(,SS of the Hohenheim system in Ger­
many and tlw fayor with which it or simi1ar systern.') were regarc1ed 
in some other countries, notably the Netherland!':., England, and New 
Zealand, it seemed desirable to conduct an inyestigation to determine, • 
whether or not the Hohpll heim :::ystem is adapted to conditions that­
prevail in the United States. In the countries mentioned the c1imate~ 
und soil are excellently adapted to the growing of pasture plants.; 
The cool snmmer weather pi'Pyents excessiye drying of the soil and.·. 
lessens the loss of organic matter from tIll' soil. ·While the total!:. 
I)l·ecipitn.tion in those countries may not be any greater than over" 
a great part of the United States, the rains aTe more frequent as~. 
well as less violent. Because of the high content of organic matter:. 
ill the soil and the gentlen('ss of the rains there is muC'll less surface~: 
run-off than in the United States. -

Agriculture is less intel1!':iveJy practicel1 in this country, the land· 
values are lower, and high yields per acre are not so essential to 
success. The densely populated European countries cannot raise' 
enough fooc1 on their land to feed the inL.ubitants. The Unite.d 

http:epara.te
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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 "as started there had been 110 inyestiga.. 
tions reported of the Hohenhe~m system in the United States. 

REVIEW OF AMERICAN Il'I.'YESTIGATIONR 

Salter and Yoder (15) lmve reported on ~ years' work (1928-2H) 
with the Hohenheim system in Ohio. Three 6-acl'e and three 4-acre 
pastures 'Yere used. The fertilizers applied per acre were 500 pounds 
of superphosphate (20 percent P~Or.), 120 pounds of muriate of l)ot· 
ash, and four applications of sulphate of !unmonia (20.5 percent N) 
totaling 50D pounds. They conclude that it is more profitable to pro­
duce both protein and dry matter by the applicatIOn o:f fertilizers 
than it is to buy these materials in feed. The grazing season was 
said to be lengthened by about 3 weeks and the herbage of the 
Hohenheim pastures. to haye a higller content of protein. These 
pastures were also said to h:we a denser turf and to yield more 
heavily. Difficulty was noted in maintaining a stand of white clover 
in the pasture herbage. 

Foley (5), Dl reporting three seasons' ·work (1928-30) with the 
Hohenheim system at the Massachusetts Agricultural 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 ancL Nelson (1) at tlU' same station, reported that in­
tensive fertilizin,g and grazing not only increased the yields of dry 
matter, but also increased the nutritive value of the dry matter. . 

There are fE'w published accounts of rotation-grazing experiments 
in the United States. 

Hodgson and associates (8) reported the results of three seasons' 
work (1931-33) in ., c~lel'11 'Vashington with dairy cows. They com­
pared the effects 01 rotating cattle over separate parts of a pasture 
with the customary practice of grazin(T an entire pasture continu­
ously. They state that the pasture yielcls, calc, Jated as total digesti­
hIe nutrients, averaged 5,986 pounds per acre for the pasture grazed 
in rota60n, and 5,499 pounds :Lor 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, Gel'laugh, and 'Welton (14) conducted a trial -of rotational 
grazing in comparison with contmuous 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) conductecl an experiment at Grain Val­
ley, Mo., in wInch they compared rotational with continuous grazing 
Jf bluegrass pasture, using young cattle. Three years' results showed 

.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 
pasture was 97. The yield of grass as determined by monthly clip­
pings of small areas, stated in POlUlelS of air-elry herbage pel' acre 
per season, was 1,589 on the continuous pasture allel1,648 on the rota­
tion pasture. 

Holdaway and Pratt (9) conducted an experiment in Virginia, in 
which 20 acres of bluegrass pasture ,vas 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 tlle rotation pasture was 1 percent greater 
than that for the continuous pasture. 

The literature regarding the influence of fertilizers on pastures is 
too vohuninous to review. In general, it can be said that fertilizers 
incre.ise 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 110t only increase the nitrogen ('on tent of the herbage but 
also may prmnote the growth enough so that the pastures "'ill be 
ready for grazing as 11111('h as !3 "'eeks earlier than those not receiv­
ing such applications. In many ('ases it is reported that applieations 
of nitrogen discourage the growth of legumes. 

PLAN OF THE INVESTIGATION 

The study of the Hohenheim system described in this bulletin was 
conducted on the experimental dairy farm at Beltsville, Md. The 
Bureau of Dairy Industry stockedlUld managed the pastures during 
the experiment, and measured the yields of pasture llutrients with 
dairy cattle. The cattle used in grazing the pastures "'ere from the 
Bureau's experimental dairy herd at Beltsville. The Bureau of Plant 
Industry prepared the soil of the fields used, seeded and fertilized 
the pastures, carried out plant-population studies, \.md made chemical 
analyses of the herbage. 

PREPARATION OF THE PASTURES 

J..\Y-OUT OF THE P.\STritES 

The original plan was to establish a 12-acl'e pasture, then divide 
it into six equal parts, and manage it as advocated by the sponsors 
of the Hohenheim system. That is, the six units ,,"ere to be grazec1 
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 inadeqU!tte for two reasons. 
One was that no control pasture had been provided. The other was 
that, if the Hohenheim 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 and 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. 

PASTURE A Cl2ACRES),FERTILIZED 
A-6 A-5 A-4 A-3 A-2 A-I 

(2 
I
ACRES) 

N -P-I< 
(2ACRES) 
N~P-K 

(2ACRES) 
NI-P-K 

(2 ACRES) 
N2-P-K 

(2 ACRES) 
N'-P-K 

(2 ACRES) 
N~P-K 

N 

i 
PASTURE B (4 ACRES) f 'LANE 

FERTILIZED ' NI-P-K (2 ACRES) 

-------- ----- --~.-=;.; ;;-A~;E~)+- LANE 

~ 
1

N• NITRATE OF SODAPASTURE C (4ACRES), NOT FERTILIZED rI- SULPHATE OF AMMONIA 
p. PHOSPHATE 
K- POTASH-


FIGURE 1.-J"u)'-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 ,vas Sassafras silt loam, all 
fields had received generous applications of lime and stable manure 
in previous years, and all had good stands of alfa.lfa when plowed 
up for seeding to a pasture mixture. The same 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 outlined 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 continuously, would show thc effect of rotation 
grazing; a comparison of the ferHlized pasture B and the unfer­
tilized pasture 0, 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 
as simply as this, however, because several adjustments became 
necessary. 

For example, in the management of pastures A and B, it appeared 
desirable 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 

to a more fertile soil or to a more favorable topography. Hence 
pasture A (12 acres) was rotationally grazed for 3 rears, then grazed 
continuously as a single pasture for 3 :rears. Pasture B was grazed 
continuously for 3 years, then divided into six equal (%-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 determine 
the effect of fertilizer applications when used alone or in combina­
tion with rotation grazing. 

The effect of 11sing fertilizer in this experiment ,ntS to be deter­
mined by comparing pasture B, fertilized, and C, unfertilized. These 
two pastures were both made from a fielel which had been uniformly 
treated as regards the crops groWll, and the manure, lime, and fer­
tilizer applied for a period of 15 years before this investigation began. 
Also, the topography of the two pastures is similar. NOLwithstand­
ing their great similarity, they cannot be compared directly to deter­
mine the effect of fertilizer 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 Ctlll be made between Band C for the influence of 
fertilizer. 

Furthermore, in order to arrive ttt the combined effect of fertilizers 
and rotatjon 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 Band 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 grazing of pasture B into terms of rotation grazing, and con­
sieler this as a rotation-grazed pasture for the () years. Then the 
comparison can be made between pasture B, as a rotation-grazed fer­
tilized pasture, and pasture C as a continuously grazed unfertilized 
pastnre. This latter eonrse is preferable because it is simpler, though 
both should lead to the same ultimate result. 

The field selected for pasture .A lutcl been in pasture prevjous to 
1924, but during tIle next 3 years, 1924-26. it 'WIIS cropped to eorn. 
In the fall of HJ26 limestone was applied 'at the rate of 2 tOllS per 
acre. In the spring of 1927 it vms seeded to alfalfa, and remained jn 
this crop until the faU of 1928, when the land "'as prepared for the 
experimental-pasture seeelings. The alfalfa made excellent growth, 
although, due to heaving, it was subject to ,,·inter-killing. Dlll'ing 
the 5 years just before the pasture was established, the land had 
receive'd approximately 600 pounds of phosphate per acre. 

The field selected for pastures Band C haclbeen cropped in a 
rotation of 3 years' corn and 3 years' alfalfa for a period of 15 years 
before this experiment began. The practice was to apply bflrnyal'el 
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. In the spring of 1927 alfalfa was 
seeded and this was plowed under in the winter of 1928-29 prepara­
tory to seeding the pasture mixture early in the spring of 1929. 

SEEDING 

All seedings were made before the fields were divided into their 
respective pastures in order that uniform i:reatment might be given. 
Pasture A was plowed and a seedbed prepared the last 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 hvjce, harrowed, and cultipacked, which, 
however, did not give a thoroughly compacted subsurface seedbed. 
The seed was SO"Wl1 broadcast, one-half lengthwise and one-half cross­
,vjse of the field to insure uniform distribntion, and covered with a 
cultipacker. 

A heavy, complex mixture "Was used and, although 110t recom­
mended for ordinary farm practices, for experimental purposes it 
seemed advisable to lllclude seed of all the pasture plants adapted to 
this region. The clovers and lespedeza were seeded broadcast on 
:March 13, 1929, without any additional preparation of tlle seedbed. 
The follo"Wing mixture was SO"W11 at the rates indicated: 
Sown October 1928: Founds pcr acrp 

KentuckY bluegrass (POrb pratc1l8i8 L. L ___ .. __ _ _______________ 1:.! 
lledtop (Ag1'o$ti.s alba,L.L________________ _, __ _________ H 
Timothy (PhleUln praten.~e L.) ________________________________ 4 
Orchard grass (DactJllis glomenll(l. L. L_. ,____ . _ _ ___ _ ____ 4 
Italian ryegrass (Lolium 11l1lti1iorll/n Lam.) _ S 
Perennial ryegrass (L.lle1'I?II11C L.l___________ __ _ ______ 4 
lIIeadow fescue (Pest1(c(J. el(l.tior L. L ____ . _ __ 4 

Sown March 1920: 
Red clm'er (Trifol/1l1n p1'ate118e L.J_______ __ __ ______________ 3 
Alsike clover (T. 71Vbridi1lln L.) ___________________________ -____ 2 
White Dute11 clover (T. repens L.) __________________________ .. ~~ .. __ ~ 

Common lespedeza (Lospcde;:a, stri(l1a. (Thul1b.! Hook. lmu Arn.) __ l(}
Koreanlespedeza (L. stiplIlacea, Maxim.) _____________________ • __ 4 

Pastures Band 0 were not seedecl until the spring of 1929, as it 
was not possible to prepare a seedbed in time for a fall planting 
These areas were plowed early in the '\'~nter, and a good seedbed was 
worked down just prior to planting. The same mixture was m~d 
as on pasture A. 

ESTLl\IATING THE PLANT COMPOSITION OF THE GROUND COVER 

In order to obtain definite information on the n]ani composition of 
the pasture grass and the relatiye amounts of the different kinds of 
plants in the ground cover? on the fertilized rotahonally grazed pas­
ture, t1le fertilized continuously grazed pasture, and the unfertiliz,ed 
continuously grazed pasture, studies were made of the plant pOpUlR.­
tion on selected areas during each year of thr experiment. 

A perma,nently marked quadrat, containing 9 square feet, was 
]ocat~d in each of three rotation units (2, 3, and 4-) of pasture A and 
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one in each of pastures Band O. These quadrats were located as 
nearly as possible on representative areas, except the one in unit 4 
of pasture A. To study the rapidity of pasture plant establishment 
under adverse conditions, this quadrat was placed on an area 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 rapid estimates they were divided into square-foot areas, 
giving a total of nine readings on each quadrat. The estimates of 
the rune areas were totaled and the average calculated per square 
foot. In 1929 plant counts were made of the individual sJ?ecies. 
After that year accurate plant counts could not be obtained WIthout 
disturbing the turi, and the individual composition was me~ured 
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 did 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 
its 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 annual 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 lO-inch-square frame 
onto the pasturage; the plant cover within the area marked by the 
frame was then estimated. To increase the accuracy and speed of 
making the estimate of the percentage of cover contributed by the 
various species, and the percentage of bare ground, the quadrat 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 drill and worked into the soil just before seed­
ing. Subsequent applications were broadcast either in late fall or 
early spring, up to and including March 1933, when they were dis­
continued for the remainder of the experiment. Phosphate was 
applied at the rate of 400 pounds per acre (64 pounds P Z0 5 ) and 
potash at the rate of 100 (50 pounds K 20), making a total of 2,900 
pounds of phosphate and 500 pounds of potash per acre applIed 
during the period 1928 to 1933. 

86710°-38-2 



10 TECHNICAL BULLETIN GGO, e. S. DEPT. OF AGHICULTGllE 

Nitro~en was applied in the form of nitrate of soda and in the 
form of sulphate of ammoniu, in equiyalent amounts of nitrogen. 
Half of each pasture that received fertilizers (A and B) ,,"'as treated 
with nitrate of soda and the other half with sulphate of ammonia. 
Four applications of nitrogen "ere made per year in 1929, 1931, and 
1932,100 pounds per acre of nitrate of soda and 75 of sUlphate of am­
monia being used in each application. Each year, thefil'st application 
to pasture A (Hohenheim pasture) was made to rotation unit :No.1 
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 continuously grazed series received nitrogen at the same time 
as unit No.1 of pasture A. The second nitrogen application to both 
pasture .A and pa;.:tllre B was made immediately after grazing was 
started, and the third and fourth applications ,yere made in late 
June and August, respectively. in the same relatiye manner as the 
first application. ' 

Only t,yO nitrogen applications were made in 1930 because the 
(h·ought. retarded growth after June. After 1932 only t,yO applica­
tions were made per year, as the results indicated definitely that 
nitrogen used after June had not been effective in increasing produc­
tion. 

METHODS OF GRAZING AND ANOIALS USED 

Pastme A was grazed according to tl12 so-called Hohenheim system 
or rotation-grazing method. and pastures Band C were each grazed 
con.tinuously as one unit fo]' tIl(' first three seasons, 1930-32. During 
1he next three seasons (1933-35) pasture B ,vas grazed by the rota­
tion method and pastnres ~\. amI C 'were. each grazed continnously as 
one unit. 

Each of the six: units of the rotation-grazed pasture was first grazed 
hy milking cows and then by young stock. Two units were thus being 
grazed while the other four were recuperating, so t11at ea(;h unit 
,\'US grazed one-third of the time. By shifting all cattle every 4 
days (the young stock being placed on the unit just vacated by the 
eows) Hi days were allowed for recuperation, which was considered 
about right jll good growing ,,-eat her. In dry ,yeather the recupera­
th-e period could haw been much longer and the shifts less frequent 
without the gr'lss becoming too mature.. 

Animals were put on or taken off the three different pastures (A, 
13, and C) in sueh munbers as "'ould re.sllit in the pastures being 
grazed equa}]y dose and also 11eavily enough so that but little of tho 
~rrass would gl'o\Y up and remain uneaten. Clumps of uneaten grass 
could not. be avoide.d 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 'YaS B to 6 inches 11igh. They were taken off 
usually a week or so after the first kimng frost in the fall. 

The cattle used were Holstein-Friesians, and Jerseys. About as 
many heifers as milh:ing cows were used. An effort waE' made to 
]lUve the groups of cattle on the three different pastures (A, B, and 
C) comparahle with reference to the breed, age, size, milk produc­
tion, and stage of laetation. Cows rece.ntly fresh and animals nearinO' 
pn.rturition were not included. 'Veigl1ts ,,,ere taken on 3 con,<;ecutiv~ 
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days at the beginning and close of the grazing season, also on 3 
consecutive days at tlie first of each month. Aily cattle put on or 
taken off between re~ular 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 fecI. 

The aim was to give the cattle enough supplementary feed to keep 
the heifers gaining, to maintain the weights of the cows, and t{) 
prevent any undue decline in milk production. At the same time 
it was desired to have the cattle get as much of their total nutrient 
requirements as possible from the pasturage. The quantity of sup­
plementary feed given was gaged by the condition of the pastures, 
the gains being made by the heIfers, the gains or losses in weights of 
tha cows, the quantity and fat percentage of the milk, 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 
those producing more were fed enolwh concentrates to provide the 
nutrients required for all the buUerfut 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 sumlller for all pro­
duction, the pasturage being expected to provide only the nutrients 
required for maintenance. . 

D-ETERMINATION OF PASTURE YIELDS 

ESTIMATION Ok' NUTRIENTS WITH DAffiY CATTLE 

After much study it was decided to measure the yields of pasture 
grass in terms of digestible nutrients per acre in substantially the 
same manner as that used for years by Graves and associates (B,13, 
17) in evaluating 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 
inag-reement 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
paratiye 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 disregarvJed . 

• 
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The allowance of digestible lllltrients for maintenance of cows was 
at the rate of 7.925 pounds a day for 1,000 pounds 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 Gullickson (4) 
by applying a straight-line formula (11). The allowances for gams 
and losses in weight of cows "ere those suggested by Knott, Hodg­
son, and Ellingtoll (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 calculated from tables of 
Morrison (12). 

Knott and associates (10) suggest a credit to the pastures of 3.53 
pounds of digestible nutrients for each 1-pound gain in weight of 
cows and 2.73 pounds debit for each I-polmd 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 were to be applied 
to the groups or to the indivich,als. Obviously, if such factors were 
applied daily, erratic results "would be obtained because of the wide 
fluctuations 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 10:-e flesh and then regain it before 
the season closed, thus nuUifying the influence of different factors 
for gain and loss. In this iuyestigation the computations were made 
monthly, and were based on the gains and losses of individual 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 aEd loss would cancel out, and the full 
influence of the different factors for gain or loss would be lost. 
For example, if there were six cows in a group and two of them 
showed a combined loss of 30 pounds and four shO'wed a combined 
gain of 40 pounds, the factors for loss or gain ,,'ere applied separately 
to 30 and 40 pounds, making a net crecUt of 59.3 pounds of nutrients 
for the pasture, rather than applying the factor for gain to 10 
pounds, the difference between 30 :md 40, whic11 ",yould make a credit. 
of 35.3 pounds of nutrients for tIl:} pasture. 

ERTI}[ATIOX OF HEHBAGE YIELDS 1'1l0}[ H,\nVESTEIJ QUADIUTS 

Yields of herbage "were also estimated by harvesting at -various 
times during the season E'mall areas representative of the entire 
pasture. The grass was haITested by hand plucking, with an attempt 
to obtain herbage similar in quality and quantity to that eaten by 
the animals. 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 hl 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 contlllll­
ously grazed pasture~ 100-squal'e-foot areas were harvested from 
fenced-off movable quadrats in 1930, 1!J31, and 1932. Beginning in 
1933 wire cages 4 by 4 feet were used (fig. 3). Yields were taken 
every 15 days during the flush gro;vth in the spring and every 30 
clays thereafter. After eath v]uckmg the cages were moved to a 
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new area that had been previously grazed. Yields were taken in 
such manner that it was possible to compare the nitrogen carriers, 
nitrate of soda and sulphate of ammonia. The harvested material 
was saved for moisture determination and chemical analysis. 

ESTIMATION OF REL..-\.TIVE ECONOMY OF YIELDS FRO:\[ DIFFERENT PASTURE TUEATMENTS 

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

FIGUUE 3.--One of tbe woven·wire cages used in studying tbe production of the pastures,
1933. Note the ungrlized clumps of grass in the background. 

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 pasture treatment ure 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 yield of llUtrients for milk 
production which may be obtained from the pastures. The question. 
however, 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 e::ltimating the economy of 
pasture yields. . 

After the effect of a pasture treatment has been measuredlll terms 
of total digestible nutrJents, the quantity of feed, either commercial 
or homegrown, that would be required to supply the amount of natri­
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euts provided in the extra pasturage can be readily estimated. The 
cost of raising or buying this feed can then be compared with the 
cost of the pasture tre:itment, hl. order to find out whether the 
treatment paid. 

CLIMATIC DATA 

The total allnual rainfall in the vi.cinity of Beltsville during the 
period of the experiment is shom1 in table 1. It did not differ much 
from the 48-year average except iu1930, when this regio. experienced 
the most severe drought in history. During that year the total rain­
fall of 17.93 inches was 22.42 inches belo'w the 48-year average. The 
greatest fluctuation 'was in the total monthly precipitation which 
ranged from 0.21 inch in October 1930 to 12.41 inches in September 
1934. A. comparison of the 48-year monthly n:yerage precipitation 
with the 7-year monthly average sho'ws that the greatest deficiency 
occurred during tTuly. The ayerage precipitation for August and 
September during this 7-year l)eriod was influenced by the heavy 
rainfall in 1931,1933,193+, and 1935, 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 twd the pl1ysical condition of the soil was affected. In gen­
eral, temperature conditions were normal except in 1930, when tem­
peratures 'were above the. average during the summer months. 

TABl~E 1.-Actual month1J1 l)l'ceipitn/i(nt, 1.929-85, cOIII/Jal'ed 1rith itS-ucal' (/.t'cmge 
IIlOlIthl!lI)I'('('ilJitatioll 

---~-[-On-t-h-----::.•-l0-2-n"'"":1'-1U-3-0-1:-:-l\l:l~ ---:;:- -'lOa:! I 193-1-1-~0:5-1 n~:K:'~~e 4~~~~~~r 
, t 'I ,(1929-35)1 age I
,I1 ' 

._.. ' Inches Inches' Inchrs [Ilches Illc/Ies Inches I inri"s illches Inches 
January __ ._._______ ._ •.. _ 2.84 2.42 1.58 ·I.U8 a.19 2.72 2.~2 2.88 3.20 
.Feeruan· _.•__ ._....•_____ 3.25 1. 98 1.35 2.2·1 2.27 l. 571 2.38 2.15 2.81 
Marcb.:._ ....... _. __ . ___ . 2.0'1 2.13 3.8-1 5.5!! :1.22 5.4!! a.29 3.7·1 3.50 
ApriL .......... __ .._.... 0.48 3.80 2.20 ;'.~~ i ,H:I 2.01 5.10 3.94 3.42 
May___ ........... _...... 2.02 1.05 3.87 , ." I 4.37 ·1.80 4.40 :1.87 3.53 
June............_...... 7.09 2.07 4.75 ~'!Q2, 3.88 1.00 3.05 a.74 4.02 
July __ .................... 1.06 .38 4.58 _. ( 5.51 1.02 3.68 2.50 3.92 
August...... ....... .•. 1.65 .50 7.911 1.53: 10.51 4.10, 1.08 4.00 4.41 
Septemher._._ ..._._...... 2.33 .81 1.22 a.U7 1.08 12.41 7.53 4.28 3.21 
Octoher.._..... _._._ .. , .. , 4.·1a I .21 1.10 o.ax Ll17 .52 l.\lfi 2.38 2.70 
No\·cmber... _......._.... 1 1.93 I • !Iii 1.381 5.94. .U5 2.111; ·1.0·1 2.501 2.40 
Dcccmller •.. _..•...-. I 2.70 I~ 2.2~,~ 2.0~~1 __.~~:"-=._ 3.20 

TolaL. __ I 3!J.32 I' 17.03 :lfi.12 1 47.01 i 45.37 I 4:1.7\1: 4t.;j·1 i 38.78 I 40. a5 
I : , : t j­

1'rhis u\,l!rnge is from the '\"ollther Bureau stution at Collc~c Park, :Nfd. , which is nhullt .11niles from 
Beltsville. 

GROWTH OF THE PASTURES 

CONDITIONS AFFECTING GROWTH 

Pasture ~I\.. came up to n, good stand in the fall of 1928, but made 
slow growth as part of the pasture 'was hen,yiiy infested with chick­
weed, which retarded the grass growth aBd reduced the stand. On 
November 21 these areas 'were sprn,yed with iron sulphate solution, 
but the results were not entirely satisfactory, probnbly clue to the low 
temperatures and extremely high winds immediately after spraying. 

Pastnre A suffered rather severe jnjury in the winter of 1928-29, It 
being estimated that 50 percent of the original stand was willter­
killed, recovery was slow during the spring, and chickweed continued 
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to retard the grass growth. To improve the <Trass stand, an addi­
tionalseedin&" of one-half the ori~inal grass see'a mixture was broad­
cast on Marcll 13, 1929, al()ng wIth the seeding of clover and lespe­
deza. A cultipacker was used to covel' the seed and to set the plants 
which had been heaved during the winter. 

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

The pastures were clipped once in eltrly spring to reduce the: 
'chickw()ed growth and to thicken the turf before grazing was 
started, .Jlme 1. Recovery was rapid after mowing and good growth 
continued until late summer when lack of moisture was a limiting 
factor. The ryegrasses and meadow fescue furnished most of the. 
pasturage during the spring and early slUlllller, with redtop, timothy, 
orchard grass, and Kentucky bluegrass increasing as the season 1)1'0­

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, 6 pouHlls of com­
mon lespedeza and 4 pounds of Korean lespedeza per acre were 
seeded in 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 Kentuch.-y bluegrass, timothy, and 
orchard ~Tass approximately 4 inches. The ryegrass was largely the 
perennial species, the Italian ryegrass having gone out late in 1929. 
After the midclle of June the pastures did 110t make any ~rowth 
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 110t seem likely that the pastures would survive such. 
severe ch'ought and high-temperature conditions. In April 1931, 
however, all pastures had practically recovered except two areas 
where perennial ryegrass predominated. This grass suffered more 
from the drought than a.ny other species, and the plants that sur­
vived recovered very slowly. By the midcUe of sunUl1er Kentucky 
bluegrass was established in most of these areas. By the end of th€! 
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 sen son of 1931, between the fertilized pastures (A and B) 
~tlld the mlfertilized pasture (C). Kentucky bluegrass increased 
l'apidly on the fertilized pastures but some j)erellniul ryegl'ass re­
mainecl, while on the unfertilized pasture the perennial l'yegrass 
(ljsappeared almost completely with Kentucky bluegrass, orchard 
grass, and redtop making up an equa.l percentage of the covel'. The 
clovers did not recover from the ch'ought of 1930, while lespedeza had 
not become sufficiently established to aclclmaterially to the pasturage 
on either the fertilized pastures or the unfertilized pasture. 

A good spring growth was obtained in 1932. 'rhe unfertilized 
pasture was about 10 days later than the fertilized pastures, with 
l'ecltop more prominent on the former and Kentucky bluegrass and 
orchard grass making up most of the cover on the latter. During 
.ruly and August the grass growth was very slow. Lespedeza fur­
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nished 35 percent of the herbage on the lUlfertilized pasture during 
the summer months, this being the first year that this legume had 
been prominent in the mixture. It was not present on the fertilized 
pastures except in small areas where the grass stand was thin. It is 
believed that the heavy nitrogen fertilIzation, which produced a 
dense turf and gro,,-th, suppressed the lespedeza. 

/"IGnu; ~.-The unfertilized continuously I';!'azl'd pasture, showing til<' thick stand of 
lespedcza~ ] n3;~. 

In 1933 climatic conditions 'were ideal for pasturage during: the 
entire season except for a short period in late fall. Thefertilized 
pastures were ready for grazing approximately 2 weeks earlier than 
the unfertilized pastlll'e. After~ July 1 this htttet' past ure furnished 
as much grazing per acre and, for some periods, more than either 
of the fertilized pastures. Its comparatjyely good showing was 
largely due to the predominance of lespec1eza (fig. 4), wluch was 
estimated to form 6;) to 75 percent of the lU'l'bage during August, 
September, and October. ,Vhen the pasture yields for these months 
were calculated in terms of total digestible nutrients, the unfertilized 
pasture furnished almost 300 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 early 
growth of the unfertilIzed pasture, The Jcspedeza was not as prOIDl­
I'lent during the summer months of 1934 as in 1933, probably due to 



~. I , 

HOHE.NHEIM SYSTEM OF PERlHNEl\"'T DAffiY PASTURES 17 

the dense grass growth in early spring. The pastures made rather 
slow growth in July and part of August, but recovered late in 
4-ugust and made excellent growth, furnishing the (jest fall pasturage 
SInce 1929. 

All pastures were ready for grazing at about the same time again 
in the spring of 1935, and made good gI'owth most of the season 
except £'01' a short perlod in ~ugust~ when lack of moisture reduced 
productIon. Lespedeza furmshed about 50 percent of the herbage 
during the summer months of this year on the nnfertilized pasture. 

RELATIVE A.~OUNTS OF GROUND COVER SUPPLIED BY DIFFERENT 

GRASSES AND LEGUMES 


PUNl' !'OPt-:L\l'ION IN THE PEIDLANF.Nl' QU"\DEATS 

Table 2 sho"s 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; A-3? A-4, and pastures Band 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 
calculated 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.-Initial stands, and, the percentages of bare ground and Of gl"Ound cotoer 
supplied by different grasses und legumes, for a period of 7 years, on pa.st1f.1"CS 
rotation grazed, continlwI/s7y grazed., fertilized, and unfertilized 

PASTURE ..1.-2 

Aren of bare ground or plant cover
Plants per

square foot in 
initial stand, 

Rotationolly grazed, Continuously grazed,Item 1929 1 
fertilized fertilized 

____________I._s_pr_in_gl~ 1930' ~~~~J~ 
Number NILmber Percent Percent Percent Percent Percent Percent 

Bare ground_••.••••...•••••••••••••••.•••_. _....... 13.2 28.0 10.2 5.3 5.5 2,8 
Kentucky bluegrass_................ 3 a 20.4 53.4 75.9 84.0 83.7 92.5 
Canada bluegrass__ .•• _•••.•••••••••_ 0 3 T .0 .3 .9 .0 _0 .0 
Timothy•••••••••••....•••••_...... 7 8 23,2 9.0 .5 1. 4 2.6 .3 
Orcbardgross_ •••••.•••••• _... ...... 2 3 8.3 6.6 11.5 8.7 fl. 0 2.4 
Redtop.••• _•••••.•••.••• _••••_••• _ _ 1 2 9.4 1.3 .7 .0 1.3 .Ii 
Italian ryel,'Ta$s __ •••••••••• _•• _••_... 3 0 2.4 _0 .2 .0 .0 .0 
Perennial ryeb'Tass_•••_•..• _......... 3 8 16.1 .7 .1 .3 .0 .0 
Meadow fescue•• __._••••••••_....... 2 2 4.4 .7 .0 .0 .0 .0 
Clovers •• _._•••• __ .•••••••••• .•••••• 4 3 .9 .0 .0 .2 .3 .0 
Lespedcza..•••_..................... 3 T .0 .0 .0 3 T .0 .0 
Weeds_....... _........._••••.• _..... 4 T 1.7 .0 .0 .1 _6 1.4 

PASTCRE .>\.-3 

Bare ground_•••• -•.••••••••••••• -•••1........1........ 8_7 32.5 7.9 3.7 7.3 6.0 
Kentucky bluegrass......._. .•..•••• 4 5 28.3 54.4 71.4 86.3 77~ 6 77.S 
Canada bluegrass.................... 0 0 .0 1.7 li. i .3 .9 .0 
Timotby......................, •••.• Il 4 11.7 5.0 .9 .0 .3 .0 
Orchard gross••••.•.•••••.••••••••.•• 2 3 4.0 2.0 2.8 .8 .9 .1 
Redtop••••••.•••••••,._....., •._•••• 2 3 10.9 .0 .3 .0 .1 .3 
Italian ryegruss..••••••••••••••.._••• 3 T 3.3 .0 3.1 .0 .0 _0 
Perennial ryegrass••••••••••.•••••••• 2 7 ]0. a 1.7 4.1 o 2.1 4.0_. -f 
Meadow fescuc••••••••••.•.••••••••• 2 2 1.7 .3 .0 .0 .0 ,0 
Clo\·crs •• _ ••••••••••••.•••••__ •• _•••• 7 7 10.7 .0 .4 .3 .4 1.9 
Lespedeza••••••_•••_•.•••••.•• _•.••_ JI 0 .0 .0 .0 .0 .0 .0 
'" eeds._._•••••_••••••••••••••••, •••• 7 1 1.4 .9 ~.4 5.0 10.4 9.9 

See footnotes at elld ot t.nble. 
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TABLE 2.-Initial 8tand8, and the percentage8 of bare ground and of ground co'ver 
8upplied by different gr~8e8 amdlegu1Ite8, for a period of '1 year8, on pastures 
rotation grazed, continuou8ly grazed, ferUlized, a.nd fl1lfertilized-Continned 

PASTURE A-4 

Area of bare ground or plant cooverP.\ants per 
square foot in 
initial stand, 

Rotationally grazed, Continuously grazed, Item 1929 
fertilized fertilized 

ISpring I FaB ]930 1931 1932 1933 193~ 1935 

-------------~!-J:i,-TU-m-b-erll-N-u-m-br-r -P-er-c-ell-t -P-cr-c-ell-t -p-er-c-ell-t -P-er-ce-ll-t -P-er-ce-ll-t -P-e-rc-C1l-t 
Bare ground_________________ •____________•••.•••__ •• 25.0 49.9 23.9 14.5 7.2 6.8 
Kentucky bluegrass_______ •______.__ 1 3 22.3 24.0 45.1 59.8 66.2 67.7 
Canada bluegrass___________________ • 0 0 .0 .0 2. ~ .0 .0 .0 
Timothy__________ ._________________ 3 3 10.8 11. 9 3.3 2.7 2.1 1.0 
Orchardgrass________ •____ •. ________ 3 2 6.3 7.9 9.7 7.1 3.0 1.7 
Redtop______________________ ._______ 1 1 1.4 .4 .9 .1 .2 .0 
Italianryegra.'lIi__________ .... ______.. 3 1 7.8 .0 3.5 .9 .0 .0 
Perennial ryegrass___________________ 3 6 15.9 2.1 9.3 3.3 .0 1. 6
Meadow fescue________ . _________ •• __ 1 2 5.3 3.4 .0 .0 .0 .0 
Clovers__..___.....___....._..__..___ 4 2 5.2 .1 .4 9.5 14. 8 13.5 
Black medic...._.. ___ ..______..___.. 0 0 .0 .0 .0 .0 2.9 2.4 
Lespedeza..___________.._________.. 4 0 .0 .0 .0 (.) ('l 1. 1 
Weeds_______________________________ 2 I ' T 'T .3 1.1 2.1 3.6 4.2 

PASTURE B 

FaB I Continuously grazed, RotationnBy grazed, Spring fertilized fertilized 

Bare ground________________________ 
21. 7 21.9 9.4 9 .. 2 8.1 9.4Kentucky hluegrass__ . ______________ 3 3 33.3 36.6 49.9 (;7.4 46.6 51. UCanada bluegrass____________________ 

0 0 .0 .0 3.9 .3 .0 .0 
Orchard grass _______________•__ .. ___ Timotby __ ----------- ••_--- -----_._- 0 1 7.1 4.6 .4 1.6 1.1 .5 

5 4 7.8 12.1 13.0 3.2 2.2 2.0Redtop_________..___ • __ •___ •________ 

Italian ryegrass__•____________ . ______ I 8.3 11.8 11.9 6.0 7.9 7.1 


4 1 3.3 .0 .2 .0 .0 .0Perennial ryegrass _______________ .. 3 5 12.1 8.6 6.5 .0 2.1 4.4Meadow fescue ...._______________• __ 2 1 5.6 3.5 .0 .0 .0 .0 
Lespedeza.__________________________ 
Clovers_____________•________________ 

2 .7 .3 .3 1.9 6.2 7.8 
'Veeds____________________________._ 0 .0 .2 ('l 4.9 16.6 7.3 

T .1 .4 4.5 5.5 9.2 10.5I 
PASTURE C 

ISpring! FaB ContinuolL~ly grazed, not fertilized 

----·I---~---.--~----~--~---
Bare ground____ • ___ .._______________ 15.5 24.0 13.9 8.9 14.4 8.1
Kentucky hluegrass. ___ • __..________ 3 1 39.4 28.3 41.9 52.8 51.4 60.8Canada bluegrass.__.....____________ 0 0 .0 .0 .6 .0 .0 .0Timothy_....__ . _________________.._ 3 1 3.9 2.6 .9 3.4 3.7 1.8Orchard grass _____...._________..___ C 4 7.2 18.6 21.9 14.9 7.1 4.1
Redtop......___..__••• ______•_•••_.. 1 3 13.9 11.4 11.1 10.5 8.3 7.8Italian ryegrass_..__________.... ____ • 4 1 5.6 .6 .3 .7 .0 .UPerennial ryegrass _____.. _..__....___ 4 5 12.8 6.4 8.0 4.7 .9 2.1
Meadow fescue____•.•____.....__••__ 3 2 1.7 8.1 .0 .0 .0 .0Clovers_________ ._ •• ________________ 5 'T 'T .0 .0 .0 .3 .3LespedezB...___ •__________________._ 2 0 .0 .0 .0 .0 8.6 11.1Weeds_..__• ___•___......._______._._ 
 5 'T 'T .0 1.4 4.1 5.3 3.9I 

I Pasture A1.fertllized and rotatioIiallygrazed; pasture B,,lertllized and continuously grazed; pasture C, 
not fertilized out continuously grazed. 

I Spring count only. 
I T=Trace. 
'1~ plants.
110 plants. 
• 2.3 plants. 

Plants of each species of the mixture sown were [resent in 1929 
on all the pastures, and there was a complete cover 0 herbage on all 
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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 1931, followulO' the severe drought of 1930, but with more favor­
able raulfall in tile sprulg and summer of 1931 the grass cover had 
increased 50 to 75 percent by the fall of that year. It -was the only 
ye~r when strikulg changes were recorded between the fall and spring 
estImates. 

During other years the variations in cover between sprulg and fall 
were influenced by the presence of crabgrass in summer, which re­
cluced the cover of desirable grasses, ancl the slow recovery during 
fall, of such grasses as orchard grass, thnothy, 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. 

W1lile comparisons of the seasonal results (table 2) obtained on 
the permanently marked quadrats with those on the random-selected 
areas (table 3) indicate coneiderable variation in the plant cover, 
the chKnges Ul the permanent quadrats and the random areas from 
year to y;3ar 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 bluegrass also predominated, 
but with orchard grass and red top contributing a substantial IJropor­
tion of the grass cover. Timothy and perennial ryegrass persisted 
to a minor extent in all pastures after the first few years. The re­
duction in stand of annual lespedezlL was influenced more by the 
heavy fertilizer applications than was the white Dutch clover. 

COMPARATIVE RESULTS OBTAINED :nw~[ RArmO~[-SgLECTED AREAS 

The average percentages of ground cover for different g:rasses or ­
legumes as obtauled from the random-selected areas in 1933 -and 1935, 
are given in table 3, for comparison -with the data in table 2. 

TABLE 3.-Bota-nical, analysis Of 'random-selected areas (1933 and 19.15) 

Bare ground or plant cover 

Item 1933 1935 

PasturoA PastureD PastureC' PlIsLureA PastureB PastureC' 

Percent j:Jcrcfnt Percent Percent Percent PercentBare ground ___________________________ ._. 5.9 1:1.1 18.4 i.l 9.3 9.0Kentucky bluegra~s __________________ . _._ 05.3 58.4 45.3 69.1 iO.l 46.0Timothy_______________________________ 2.2 2.2 0.1 • ·1 .3 l.iRedtop__________________________________ 
1.6 .0 1.9 2.0 3.3 5.0Orchard grsss_. _________________ •__ •• _____ 0.0 14. i 12.0 2.2 4.3 13. iPerennial ryegrass _______________ •________ 1.8 1.8 .8Clovers___________________________•_______ 13.2 3.6 6.5 12.8 2.6 

Weeds_________________________ . _. _••____ • <'I e') (3) .5 3.2 21.0
Lespedezs_______________________________ _ 

4.0 5.3 6.9 5.1 6.9 3.6 

I 1plant per square foot . 
• ,2 plants per square foot. 
• 8 plants per square foot. 
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When the estimates of ground cover, based on the random-selected 
areas of pasture A (table 3) are compared with the estimates based 
on the three permanent quadrats in tIlls pasture (table 2) Jar the 
same years, the greatest difference is ill 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 quadrats. . 

'Vhen a similar comparison is made bebYeen the permanent quadrat 
and the random-selected areas in pasture B and in pasture C, a· 
greater variation between sp('cies as well as between different years 
is shown than wus the case for pasture A. :Moreover, in 1033 the 
permfrnent quadrat, both in pasture B and in pastnre C, showed a 
relatively higher percentag-e of Kentuch.-y bh:egrass thun the random­
selected areas, while in 1935 the pel'C'entage ,vas reversed. This 
would indicate that in pastures Band C the permallent quach'at was 
110t located on a representative area of the pasture, and that a greater 
munber should be used to obtain an accurate botanical analysis. 
The data based on random areas only, for the Fars 1033 and 1935 
(table 3) show that at the end of the experiment the only significant 
difference in plant population between pasture A, ,Yhich was grazed 
('ontimlOusly the last three pasture seasons (1933-35) and pasture 
B, ",hi.ch was grazed rotationally the last three seasons, was a higher 
percentage of white clover in pasture A. The same condition was 
true in 1933, w1len the grazing practices in the two pastures were 
reversed. 

UNIFORMITY Ol~ GRAZING 

One of the advantages claimed for rotation grazing is that the 
pasturage is grazed more uniformly so that fe,Yer bunches of grass 
lire left lIngrazed. Observations for (j years showed that there is 
practical1y 110 difference in this respect between pastures grazed 
in rotation and pastures grazed continuously. 

CLIPPING THE PASTURES 

In June, eV'ery year, after some of the grasses llad grown up in 
clumps and formed seeds, the pastures were 'clipped to get riel of this 
ungrazed grass and to permit a llew 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 SUll and leached by the rains 
was apparently avoided entirely. In only one (If the six seasons 
was tIle yield of cHppings sufficient to justify making them into hay 
and removing them from the fi(>lc1s. In the other fiye 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 was to see whether the ungrazed clumps would be 
eaten eV'entuaJ]y, and whether there 'would be any difference at the 
end of the season in the uniformity with which t1le clipped and 
unclipped portions were grazed. The cattle ate the clumps of tall 
~rass on the unclipped half little by little, and at the same time 
dumps were reappearing on the clipped half. At the end of the 
season, it would have beel) difficult for one to ten ,yhich half had been 
clipped. 

The clumps of grass deyeloped for the most l)art because of the 
droppings of the cattJe. The young growth on sllch places ,yas re­
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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 or 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, as determined from the yields of hand­
harvested areas, are shown in table 4. 

TABLE 4.-A.nnualyieZa Of herba!le 7'er a·ere (dry-ma.ttel' basi.s) on. the nnfel'Ulized. 
pasture ana on different part.~ of fel'lilized pa.sluFes, according to tlle form in 
1chich nitrogen tea.s al)plied." 

RMationally grazed, Continuously grazed,
fertili7.ed with- fertilized with- Continu­

ously
Year 1-----:-----1-----,------1 vrazed,not 

Sodium Ammonium Sodium Ammonium fertilized, 
nitrate, sulphate, nitrate, sulphate, pasture C 

pasture A pasture A pasture B pasture Jj 

Pound., Pounds Pound. P()und. PmLnds 
1930.••..••.•_..................... '. __ .. 22,771 22,771 ' 2, 869 '2,869 2,447 

1931. __................................ .. '(I,IS3 '6,183 26,370 '6,3i9 5,15i

1932________ • __ •••• __ ....... __ .. __•...•.. _ 
 :1,5.15 2,4:15 '4,163 '4,163 2,823 

Pnsture H Pasture B Pasture A Pasture A Pasture (1 

1933.___•••• ____• ______ ..... __ ....... ' •• __ . 
 2,012 3, i40 4, i56 4,354 4,291
1934._______ ........ __ •. __ •__ .....__ .... __ 
 1. 5:~7 1,826 3,Oi8 3,018 2,365
1935________ ........ __ 
 .... ---...--...... .. ---" 1,558 2,035 2,968 3,174 2,558~ ~ ~ 

.Aycrngc. _.. - <-- ---- 3,083/ 3,O(i5 4,036 3,993 3.2i4~~- -~ 

1 Average yielcl on rotatiou'grazed fertilized pllStures for 6-yeur period wus 3,OB pounds per acre; on 
continuously grawd fertili7.ed pasture, 4,015 pounds. 

'Yield not taken by individual treatments of nitrate of soda and sulpbate 01 nmmonia. 

Theoretically, rotation grazing should give an increased 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 nutrient 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 contl11uously grazed; 
during the Jast 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 influ­
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 

http:fertili7.ed
http:fertili7.ed
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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 ,lOt 
fenced. This growth ·would be sufficient, especially in the spring, to 
increase the total yield of herbage materially. 

Under continuous grazing the unfertilized pasture produced 81.5 
percent as much as the fertilized pasture. The form in ·which nitro­
gen was applied seemed to make little difference. On pasture A 
nitrate of soda produced 6.2 percent more herbage than sulphate of 
ammonia, while on pasture B sulphate of ammonia produced 5.1 per­
cent more herbage than nitrate of soda. 

CHEMICAL COMPOSITION OF THE HERBAGE 

Table 5 s11o·ws the aye rage chemical composition of the herbage 
haryested at various periods fronl the fertilized pastures (A and B) 
during the 3-year period, 11)33-35, when pasture A \yas grazed con­
tinuously and pasture B \,"as rotationally grazed. Table 5 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 Har­
vested Quadrats, with an effort to obtain samples representative of 
that consumed by the cattle. The analyses of the herbage from the 
rotation-grazed fertilized pasture represent ('omposite sttlllples har­
vested from the six units of pasture B during each complete rota­
tion of the cattle over all six units. Each unit recei,'ed on an an:or­
age eight grazing rotations during the pasture season. The analyses 
of herbage from the continuously grazed fertilized pasture-that is, 
pasture A \"hen continuously grazed-represent composites of sanl­
pIes 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 fro111. two different areas at each date of hal"Yest. 

TABLE 5.-~lvera!le dle'lllira/, oomp08iNon. Of the herbage (d;rll-lIlat/el" ba.~i.~) on the 
I" r('1' rliffcl"rlli IHll5t /I 1"(,8 dll pill!l tll e .J-yeal" Jlrriod, 1 !I.J.~-.'J;; 

ROTATION-GRAZED, F:ERTILIZED PAwrnm B 

~--:-- 'I. I ~--I···_·- --.-~------·--I ;\"011' I NilrQ· 

Form IU ~\ lit'! IIltro,:' n Ether Crude Crude "'rrue'· protein gell- Cal- Phos­

wus npIllled; nllt! perIOd ,,\sh cxtrnct t1her prolein prot.ein uitru- free ClIltll phoru$ 
_~~~na~VSiS_ \ ___________ gcn extrn("! . __.____~ 
SodIUIll nUTate: Puanl Pucent PeretTI/. Pt'rccnt Pen't'nt Peret'1" Parent Perct:nl. P(lrC't''Ill

FirsLrotntioll !i. HI 4.71 21.77 IS.r.2 16.03 Lll5 4!i.73 0.48 0.47 
Second rotllllon H.77 3.95 211.48 17. aa l4. .10 2.13 44. 18 . aM .41\ 
'I'hirdrol.at.ion 10.01 5.1724.25 Jll.20 111.110 I. III 42.0() .521 .;;0 
Fourt h rOl allan Y.42 5.34 24.70 15.05 13.4:1 1.22145. no .57 .47 
Fifth rotallon H. 74 5.211 24.46 14.43 12.75 I. 2f1 47.53 .110 I .44 
Sixth rotutioll ! S. Oil 5.21 23.2a 19.72 16.5!1 2.35 4-1. [~I .55 .50 
Seventh rotution ! U. 10 5.69 22. ao 21.0a 1M. flO I. sa 42.41 .43 .56 
Eight,brotutinn 110.-19 5.24 21.505 18.74 ~_1.~U,_~.[':!_~.4~~ .~ 

Average___ • . II. IS 5.07 2:1..>!1 18.02 15.04 1.79 401. 7:1 I .50 I .411 
Ammonium snlphllte: ="-"""''''' =1= = ==---='~===i"·= 

FirsLrotation I S.5S u;n 22.19 18.79 10.01 2.10 40.:11 I .48 .4S 
Second ro!ntion. 9.02 4.00 28.60 18.25 15.09 2. a7 40.91 I .:l7 . f>!) 
'{,hird rotation I 10.02 5. I J 2.';. W J8.58 10.21; I. 74 41. 40 I .48 .51 
Fourth rotlltion.. 9.41 5.17 20. 14 14. 12 12.42 1. 26 45.57 .51 .47 
Fifthrotution... HollO 5.4325.7813.3111.87 1.QU 4f1.H31 .50 .47 
Sixthrotlltion..... S.53 5.24 2:1.85 18.99 W.70 1.67 4a.Of., I .48 .51 
Seventh rotation...... i H.OO 5. fi8 2.1.95 20.03 17, 8·\ 1.05 41. 9:1 .46 .58 
Eighthrotution_'I~~.O:l _5.13 . .!2:.:~ 18.22 .~~~~_..-:.~ 

A,·eragc_ ••• _.... _ .[ 1I.19! 5.081 2·1.85 17.54 . 15.32 1.071 4:1.811 I .46 .50 

http:5.4325.7813.3111.87
http:5.1724.25
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T_Wf..E 5.-Average ch.emical compositwn of tile herbage (dry-matter basis) on tile 
three differellt pastures dl/ring tile B-year Jleriod, 19.~3-35-{)ontillned 

CONTINUOUSLY GRAZED, FERTILIZED PASTURE A 

Non· Nitr()oForm in which nitrogen Eiher Crude Crude "True" protein gen· Cal· Phos­was applied, and period Ash extract fiber protein protein nltr()o Cree cium phorosof analysis gen extract 

--------1---------------------------
Sodium nitrate: Percent Percent Percent Percent Percent Percent Percent Pacent Pacent 

AprlL._••._._.__ •__ • __. 8.51 4.87 23.32 20.31 16.97 2.52 43.82 0.61 0.50 

May__••_•.•.•••__ ..•••• 9.10 3.63 27.73 17. ao 13.34 2.97 43.22 .48 .49 

June••••••._•• _••••.. _._ 9.15 4.7625.1915.9713.21 2.0745.50 .68 .46 

July•••••••••••__ ••••••_ 8.38 5.54 23.35 1i.31 14.94 1.78 46.00 .62 .4~ 

August._•••••••••_..... 8.27 5.92 24.44 20.32 17.08 2.44 41.85 .58 .52 

September •• __ ••••..•••• 8.95 5.60 21. 83 23.00 19.13 2.91 41. 60 .66 .52 

October..••• _... _._..... 10.16 5.03 17. :10 22.93 20.09 2.14 45.29 .57 .46 


Average_•••••••_•••_. 8.93 5.05 23.31 19.59 111.39 2.40 43.90 - .60 L .49 

Ammonium sulphate: 
AprlL,_•• _............ 8.31 4.79 2:1.13 20.42 16.95 2.62 44.22 .flB .49 

May____._._________ •••• 8.58 3.60 28.62 15.97 12.74 2.45 44.01 .45 .49 
June__ ••_••• ____ • •••••• 8.40 4.95 25.14 ]6.96 14.33 1.98 45.19 .08 .45 
July._. __ ••• ___ .". __ ••• 7.90 5.45 24.65 15.07 ]3.40 1.25 47.35 .58 .45 
August••.••••..•• _•••• _ 7.90 5.77 24.04 21.20 1i.54 2.75 42.01 .54 .50 
September__ . _____ •••.. _ 8.60 5.57 22.34 22.11 ]7.90 3.17 42.42 .66 .55 
October•.•.••••.•••. ___ • 9.39 4.98 18.70 20.22 17.90 1.74 47.23 .52 .45 

_.. verage· __ • __ .. , .. ___ !s:44!5:02-WIl8.ii5l5.8212.2844.63-:58I~ 

('ONTINCOUSLY GRAZED, UNFERTILIZED PASTURE C 

APany-I_,_-.,..•.••.-.•••..'.' •• _.•._-_'_••••".' __,' 8.391 4.57 24.51 15.93 13.61 1.76 47.19 I 0.50 0.46
M! . 9.54 3.46 28,39 12.87 10. 57 1. i3 46.30 .44 . 41 
Juno...___________• ______ •.. 8.96 4.7925.7514.88 12.70 1.6046.15 .75 .45 
July_______•••• __ • ___ ... __ ,. 7.06 5.42 21.85 IS.fi2 16.05 L93 47.70 .92 .43 
August__ . ___ • ______ ._._____ 7.36 5.70 21. 57 20.63 17.55 2.31 45. flO .84 .40 
September________ ._._______ 7.92 5.81 21.45 21.92 18.0Y 2.43 43.71 .80 .49 
October.____•______________ .8.97 4.4420.41 17.84 16.04 1.3048.78 .72 .42 

AVerage-_-=~=~.~___8~~L 4·~L~~~L~7:~__ 15.~_~46.48~~ 
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 contmued to maintain a comparatively high level until 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 average percentage of crude 
protein was higher and the crude fiber lower for herbage on the COIl­

tinuously grazed fertilized pasture than for that on the rotation, 
grazed fertilized pasture, although the herbage was harvested more 
frequently on the latter pasture. The averages for crude fiber COIl­

tent of all samples were 23.56 percent for the continuous pasture and 
24.22 percent for the rotation pasture; those for crude protein wen~ 
19.22 percelJt for the continuous pasture and 17.78 percent for the 
rotation pasture. 

The calcium und phosphorus content was sufficiently high at all 
times for the nutritional requirements of the cattle. The amount of 
calcium, 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 as high in feeding 

http:15.~_~46.48
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value, as indicated by its chemical composition, as that on a similar 
pasture grazed in rotation, when both pastures are fertilized in the 
same manner and grazed with similar groups of cattle. Also, with 
herbage from an unfertilized pasture in which annuallespedeza main­
tains an optimum stand and growth along with desirable grasses, it 
appears that the composition wHl 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 inyestigatjon 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 pastura~e. 
Table 7 shows the yields of digestible nutrients by months for tM 
different pastures. The data in both tables are 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, prod11ction of milk, and butterfat, gains or losses in Uve weight, digestible­
11l1lrient. requirements, and 1I11lricnls credited to pastures 'When rotation-grazed and fertilized, when continuously grazed andlertilized, and a 
pasture continuol/sly grazed but not fertilized 

RO'l'Nl'lON-ORAZED, FER'I'ILIZE]) 

Year 

1930_____________ 
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j Silage. Ct 



26 TECHNICAL BULLETIN 660, U. S. DEPT. Ol!' AGRICULTURE 

TABUJ i.-Quantitie8 of digestive nutrient8 per acre obtained from the 
ea:perimenta~ pa8ture8, by month8 

ROTATION-GRAZED, FBRTILIZED 

Yield of total digestiblo nut.rients per acre 

Year Pu5·1-----.----~----~----~----~----~---­
ture 

April May June 

1930_________________________________ ._ Pounds Pounds Pounds Pounds Pounds Ponnds Pounds 
1931. _________________,. ______ ._.__ • ___ _ A 443 996 264 88 82 40 0 

A 0 691 406 212 384 478 2201932_ • _____ • ___ ._. ____ • __ ... _._ ••• __ • __ A 183 1,077 455 412 181 171 179
1933___________ ..._. ______ • _. _____ _ B 269 1,09.1 318 313 409 472 2041934. __ • ____ ••• _______ • ____ • ____ _ n 123 752 2<JO 269 205 409 6551935_________ • ___ •____ • __ . _. ________ _ n 1.11 766 :181 133 296 278 Zl8 

195 S91i 352 238 259 a08 249 

CONTINUOUSLY GRAZED, FERTILIZED 

1930_____ .... ____ ._._. __ • _______ • __ •• __ B 460 7il 233 123 63 46 o1931. ______ ._ .•.• ___ ._ •• ____ • _____ • __ B o 633 314 182 346 455 121932_______ • __ • __ .__ _ ___ . _____ . B 115 903 334 338 149 188 1941933 _____ ._. __ ._._ •• __________ •.• __ A 330 799 433 435 331 562 1531934 _______ .. _____ .. __ • A 100 768 327 235 129 331 6611935_. _____ .___ • ______ . __ ••• A 140 669 383 318 177 286 211 

A\'eTage~ 191 757 3:17 272 199 311 20ii 

CONTINI-OGSLY GHAZED. UNFERTILIZED 

1930 ••• __ . -- . ~ (' 251 SI!) I 200 68 W:1 44 0--~.~~--~-­1931. ••.• ______ . _.. w. _ .... ('-- 0 .1IH 281 1111 :124 27:1 :111
1932. __ 

~ ~ 

(' fi29- ., . ~ ... "- - .. .18 199 237 187 130 77 
193:1 - .... sa 747 189 :l87 4112 .184 282g

~W:H ~ --- .. - .. - ~ .. -. ~ --. - . --- -- .. --. 7.1 506 2Hi 2fJl 2:1.1 362 -Ilia19:15__________ • ___ . 
~~--­... - .. ~ .. ~ ... -- --- 0 108 WI 288 278 320 317 240 

.A \'erage_. _._ 96 577 242 22.'; 272 285 ISO 
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1!'(GUItI~ r.,--COInpllrnU\"e lIIonthly yields of totul dlge;;1ible lllltrientR us )IH'uRllrecl by
/-IrIlzlng- duiry cnttl('. 

The supplementary feed (table 7) for the most pllrt was concen­
h'ates, although a small Itmount of hay was fed the first 2 years and 
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a small amount of silage the last 2 years. A little 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, 26.3; 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: 3.9, respectively. 

YIELDS OF MILK AND GAINS OR LOSSES IN LIVE WEIGHT 

The average daily produc60n per cow was 28.4 ponnds of milk 
testing 3.72 percent butterfat on the rotation-grazed fertilized 
pasture; 26.7 pounds testing 3.81 percent on the continuously grazed 
fertilized pasture; and 28.5 pounds testing 3.86 percent on the con­
tinuously grazed unfertilized pasture. The average yields of milk 
for the season on the acre basis were 3,495, 3,012, ancI 2,569 pounds 
for the three pastures, respectively (table 6). 

The aver&ge gains in weight of cows and heifers together for the 
seaSon on an acre br.sis were very nearly the same for the three pas­
tures. These were 99, 95, and 97 pounds, respectively. 

GRAZING AND SUPPLEMENTARY FEEDING 

The date cnttle were first turned 011 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 pastmes 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. 'Vhile 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 is attributed to the nitro­
gen stored the previous season by the lespedeza, which acted in the 
same ,yay 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 thaT!. the number of days' grazing that was supplied to 
the cows. The total 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 176 for the continuously grazed unfertiHzed 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 (18) of grazing, the sum of figures given 
for days' grazing by cows and heifers wm also approximate the unit 
days of grazing. 

COMPARATIVE YIBLDS OF NUTRlENTS 

The average quantity of digestible nutrients credited to rotation­
grazed fertilIzed pasture for 6 years was 2,533 pounds per acre per 

http:April.14
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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 
'Vestern Washington Experiment Station (8) and 1 percent at the 
Virginia Agricultural Experiment Station (9). On the other hand, 
two experiments (3, 14) 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 Investigation (p. 9). The pastures that received 
fertilizer were heavily treated during the first 3 or 4 years of the 
experiment, but were less liberally treated in the remaining years. 
As previously described, the amount of nitrogen fertilizer applied in 
1930 was reduced on account of the drought. Also, fewer a:r;>plica­
tions were macle in subsequent years than at first because lt 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 to determine the influence of 
fertilizers should properly be made between pastures Band C, as 
was explained in the plan of investigation (p. 5). Since pasture 
B was grazecl in rota,tiOll the last 3 yeaTs, 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 ~razed 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 llutrients per year per acre, as compared 
,dth 1,898 pounds for unfertilized pasture. The application of fer­
tilizers increased the yield 16.4 percent. It is thought that the in­
crease due to the application of fertilizer would have been somewhat 
greater if the kinds of plants that made up the herbage in the un­
fertilized 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 upon to come into other pastures in this latitude, when they 
are managed similarly to tIns unfertilized pasture. 

The combined effect of rotation grazing anel the application of 
fertilizers was also determined by comparing the yields of pastures 
Band C. In making this comparison, the yields of pasture B for 
the first 3 years were multiplied by 1.104 to adjust them to the rota­
tion-grazed bash'. 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
tinuously p-:.tlzed unfertilized pasture. TIns indicates that the in­
creases (b:e to fertilization and rotation grazing was 28.6 percent. 

MONTHLY YIELDS OF DIGESTIBLE NUTRIENTS 

Table 7 and figure;' were prepared to show the yields of digestible 
nutrients by mouths 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 make the yields from month to month any 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 
Jespedeza increased the yields from July on. Rotation grazing had 
little or no influer.,::e on. the uniformity of yields from month to 
month. 

It is admitted that the variations in yields from month to month 
cannot be .measured with the greatest accuracy by the methods fol­

. lowed, because it was impossible to have the pastures all grazed to the 

same degree of closeness at ehe end of each month. Furthermore, the 

pastures were all grazed shorter as the season progressed. For this 

reason, the growth early in the season was greater und that later in 

the season was less thun the results indicate. 

ECONOMIC COMPARISON OF RESULTS 

DID ROTATION GRAZING PAY? 

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 providmg shade and water in each pasture. In tlus 
investigation the rotation grazing resulted in an additional yield per 
acre of 238 pounds of digestible nutrieh~d. This quantity of digesti­
ble nutrients would be contained in 473 pounds of alfalfa hay or 339 
pounds of wheat bran. For example, the average cost of raising 413 
pounds of alfalfa hay is $2.36:1 The average purchase price of 473 
pounds of No.1 alfr.lfa at Beltsville, for the years 1931-35, wa!: 
$5.22.5 The average pmchase price of 339 POlUlds of wheat bran for 
the past 10 years waS $4.71.6 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 sometlunO' 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 ap:pliecl to pastures only one-half so pro­
ductive as the pastures in this 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 
less than medium productivity lIDless the fencing costs and other ex­
penses incident to the subdivision of the pasture can be kept very 
low. 

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

'Average of CORts from farm survey" in New York alld Ohio *0.97 a ton. 

G$22.07 a tOil. 

e $27.77 a tOil at I'hlla(Mphio. 




30 TECfu'IC•.\L BULLETIN 660, U. S. DEPT. OI~ AGHICULTUHE 

Under the conditions of this investigation it is estimated that the 
value of the increased pasturage greatly exceeded what cross-fencing 
with an electric fence would have cost. 

Becttuse of the location of the pastures and the inaccessibility of 
water and shade, six subdivisions of the pasture may be too many to 
be practicable on many of the dairy farms of this country. An in­
vestigation is 110W in progress to compare a tIu'ee-pasture rotation 
with continuous grazing. The rotation pastures are being grazed 1 
week in every 3. 

DID THE HEAVY APPLICATION OF FERTILIZERS PAY? 

It appears that the question of whether hellY)' applications of 
fertilizers pay call be answered satisfactorily for conditions similar 
to those at Beltsville. However, tile information obtained at Belts­
ville concerning the use of fertilizers will not be as widely applicable 
as the information obtained about rotation grazing. The kinds lUHl 

quantities of fertilizers to use are dependent to a great extent upon 
th.e soil and climatic conditions. Naturally, these vary widely in 
different parts 0f the United States. 

The cost of the fertilizer applied pel' acre during the 6 years was 
as follows: 1930, $11.92; 1931, $12.19; 1932, $9.75; 1933, $7.H; IH34, 
$2.88; 1935, $2.88; and total for the (j year,;, $46.76. 

Since the total cost for the 6-year period was $46.76, tllP. ayerage 
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 alfali'a 
hay or 444 pounds of wheat bmu. If alfalfa hay could have been 
bought or raised for less than $25.14: 1:.\ ton or wheat bran could hava 
been bought for less than $35.09 a ton, it would haye bt'l'n better to 
use these feeds to provide this qUitntity of digestible lIutrients thall 
to have obtained it from pasture by the application of fertilizers. 

The application of fertilizers of the kinds and in the amounts 
Hpecified in this investigation did not pay under the conditions pee­
"ailing at Beltsville. One reason for this, and perlul,ps the principal 
one, is that common lespedeza. came into the unfertilized pasture and 
materially increased the yield. Neither common .lespedeza nor any 
other legume comprised any considemble part of the herbage of the 
fertilized pastures. 

The phase of tIus investigtttion concerned with the use of fertiliz­
ers is being continued. In addition, 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 productiyity unless as 
much plant food is returned to the soil as is removed by the grazing 
animals. For this reason, it appeltrS tlmt judicious applications of 
fertilizers 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 pOlmds of total digestible nutrients pel' acre. Thi" 
quantity of nutrIents would be contained in 1,078 pounds of alfalfa 
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hay or 172 pounds of wheat bml1. The average cost of raising 1,073 
pounds of alfalfa hay is $5.37; 1 the purchase price of this quantity 
of No. 1 alfalfa hay is $11.90; 8 and 772 pounds of wheat bran, 
$10.72.9 If from these prices is deducted $7.79, the cost of the fer­
tilizer, it can be seen that the Hohenheim system, under thecondi­
tions of this experiment, is of doubtful economic value, and this is 
particularly the ~ase if the comparison is made between the cost of 
the fertilizer for the increased yields of pasture nutrients and the 
cost of obtaining an equalqlUll1tity of nutrients in home-grown 
alfalfa hay, rather than in purchased hay or bran. 

SUMMARY 

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

A. good 2-year-old stand of alfalfa on all the fields was plowed 
under, and the fields were seeded with a complex pastnre mixture of 
grasses and legumes. 

One pasture was didded into six equal uuits, hetl\'ily feLtilizell 
each year whh a complete fertilizeJ', alld the units were grazed in 
rotation; another pasture was fertilized in u similar manner but was 
grazed contimlOtlsly; the third pasture was unfertilized and grazed 
continuously. 

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

Except for 1 ell')' year. 1930, the climatic conditions \\'en' ]lot" 
very different from the average of 48 years, 

On the two fertilized 1Jastures the growth of the grasses suppressed 
the legumes, and in a few years Kentucky bluegrass was predominat­
ing. Orchard grass and l'edtop were the most prominent of the 
other grasses remaining. 

On the unfertilized pasture most of the gl'llzing in spring was 
furnished by Kentucky bluegrass, orchard gra'ss, and redtop; and in 
summer by common lespedeza. 

Ullgrazed clumps were as prominent ill a pasture that was grazed 
in rotation as in a pasture thltt \\'as grazed continuonsly, . 

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 harvestin~ of the herbage is thought to 
have reduced the yield of rotation-~"l'azed pasture. This result shows 
some of the difficulties that may be encountered, and iuclicates the 
necessity for exercising particular care in measnring the yields of 
hand-harvested, caged areas, 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 nutri~nts 10.4 per­
cent; that heavy fertilization increased the yield 16.4 percent; and 
that both rotation grazing and heavy fertilization combined increased 
the yield 28.6 percent. 

7 Same as footnote 4, p.29.
• Same as footnote 5, p. 29. 
• Same as footnote 6, p. 29. 
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TIle fact that common lespedeza came into the unfertilized field to 
a much greater extent than into the fertilized fields is no doubt 
responsible in large measure for the relatively good showing of the 
former. 

Heayy fertilization failed to improye the uniformity of carrying 
cnpacity throughout the grazing season. 

It nppears likely that on most c1ah'y farms in the United States, 
an increase of 10 percent in the yield of nutrients obtained from a 
IJflsture by rotation grazing would not be sufficient to justify the con­
struction of peI'lntment dh-ision fences of the usual type and to pro­
vide the necessary shade and 'water in each pasture. It is sufficient, 
however, lUlder many conditions_ to justify the construction of n, 
cheaper type of fencp. 

The application of large quantities of a complete fertiJiz('1' was 
not profitable. . 
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