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Technical Bulletin No. 538 " January 1937 

UNITED STATES DEPARTMENT OF AGRICULTURE 

WASHINGTON, D. C. 


EFFECT OF METHOD AND RATE OF GRAZING ON 
BEEF PRODUCTION AND PLANT POPULATION 
OF PASTURES AT BELTSVILLE, IvID. 

By M. A. HEIN, agronomisi, Division of /I'orage Crops and Diseases, Bureau of 
Plant Indu,s/,ry, and A. C.COOK, associate animal h1/,sbandman, Ani'mal 
Hllsballdrll Division, Bu,reo1/. oj Animal Incllts/ry I 
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INTRODUCTION 

About ha~··f of aU the livestock feed in the United States is furnished 
r--by the gra ' g lands, the care and development of which received 
g;but minor nsidemtion untill'ecent economic changes in the status 
~.f agricultUfe brought about a keener appreciation of pastures and 
I a demand for more authentic information of their possibilities. It 
~is difficult to compare the returns from permanent pastures with those 
0::: from cropped land because pasture l'eturns must be interpreted in 
c.. terms .of animal products, the prices ·of 'which fluctuate rapidly and 
::::::t: widely, and also because many pastures are located on untillable 

land, usually the most unproductive paTt of the faTm. 
The experiment herein described was planned in order to obtain 

more eX/let information as to the returns that may be expected from 
a permanent pasture on soil comptlmhle in productivity with that 
used for cultivated crops when such a pasture is grazed by beef 
cattle that are not given any supplemental feed. The results lire 
considered applicable to soils of moderate fertility in the Middle 
Atlantic States and in the eastern pnrt of the Oorn Belt. 

, The plan of the experiment herein reported wus prepared by n, N. Vin,,11, senior agronomis!.bl>ivision 
of Forage Crops nnd Diseases, Bureau of Plunt Industry, aud W. n, Dlock, senior animal hns andman. 
Animal Husbandry Division, Bureau of Animal Industry. in the summer of 1928. The chemical defermi· 
nnLions in the herbage studies were made by H. L. Wilkins, assistant chemist, Division of Forage Crops 
lind Diseases. and R. E. Davis, assistant biocbemlst. Anbnal Husbandry DIvision. Acknowledgment
is modo to E. W. M~Comas, animal husbandman. and A. T. Semple. formerly associate animal husband­
mun. Animal Husbandry Division. for assistance In tbe grazing studies during the firs!, 2 years. 

78731°-36--1 -;'J fI,. 
..t'lo .t."Jl. 
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Exact data in regard to the production of pastures lmder different 
systems of grazing with beef cattle are lacking. Numerous articles and 
some experimental results comparing rotation grazing and continuous 
grazing of fertilized pastures by dairy cattle have been published. 
Rotation grazing with the application of fertilizer", t.o pastures is 
an intensive method of management adapted to high-producing dairv 
cows, but it is not likely to prove profltable ill general livestock pro­
duction: The only publ~cation noted that specmcally reports a 
companson between contmuous and nJternate and between hea,y 
aud light grazing with beef cattle is Bulletin 204 of the Virginia 
Agricultural E:\-periment Station.z This bulletin showed as an aver­
age for 3 years an annual gain of 198 pounds per acre for heavy 
grnzing as compared with 111.7 pounds per acre for tlte light. The 
bulletin also showed: 

Tbe !1envily grazed field had a more eyen turf and was much freer from weeds 
t'lall the lightly grazed field at the close of the fi\-e years' experiment. * '" '" 
The practice of alternate grazing is of donbtful Yallle. 

Tlte results at the Virginia station were obtauled on a limestone 
soil and on an old established bluegrass-redtop turf ·which had not 
been plowed for 12 years. It is interesting to compare the results 
obtained in YU'ginin, with those ldescrihrd llerein) on the pastUl"e 
Itt Beltsville, 1fd., newly seeded with a rather complex mL-..:ture on 
a t:nical CoastallJlain soil. 

LOCATION OF EXPERIMENT AND SOIL TYPES 

The Division of Forage Crops lll1d Di,;eflses of the Bureilll of Plant 
Industrv, in cuuperation "with the Animal Hushandry Dh~ision of 
the BUl~eau of Animal Industry, began in 1928 at Beltsdlle, j\fd., an 
c:\-periment to compare continuous light grazing ·with continuous 
heavy grazing, and contiuuou~ heavy with nlternate hea,)'" grnzing. 
The results were measured in pounds of beef produced lmd in the 
effect of the Tarious methods of grazing on the composition and 
permanence of the pnstllre flora. ; 

The 18 acres of land used for the experitnent is on the animal 
husbandry farm of the National Agricultmal Research Center at 
Beltsville, approxitnateI:r 15 miles northeast of Washington, D. C. 
It is gently rolling and for the most part slopes to the east. There is 
no tile drainage, b:lt an open ditch along the east side of the field 
provides both surface and subsurface dminage. The soil is pre­
dominantly Sassafras silt loam except near the ditch, where it j.; 

Ol.!hlochnee silt loam. 

PREVIOUS TREATMENT OF LAND 

The area had been in pasture for a number of years prei--iolls to 
1926, ancl there is no record of any fertilizer having been applied prior 
to that date other than some barnyard manure. In 1926 the lanel 
was fall-plowed and 1 ton of ground limestone per acre was applied. 
In the spring of 1927, 5 tons of manure, 175 pounels of 16-percent 
superphosphate, and 80 pounds of muriate of potash per acre were 
added. Biennial sweetclover was then seeded at the rate of 15 
pounds per acre. The stand was poor, but it was grazed some 

, CARRIER, L., and OAKLEY, R. A. illE ¥,U;<\GEl!!;~T or llWF;-GII;I,SS l'AS1:URES. Va. -"gr. Exp•. Ste,. 
Bull. 2Q4, 18 pp., illus. 19H. 
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during the season, and in the fall the land was again plowed in prepara­
tion for another spring seeding of sweetcloyer. Limestone was again 
a,ppliedat the rate of 1 ton per acre, along \vith 4 tons of manme per 
nerc. In the spring of 1928 sweetcloyer was seeded at the rn.te of 
15 pounds per acre; a good stand resulted and furnished good pasture 
until the lust of July, when the lnnd was prepared for seeding the 
experimental pasture. . 

CLIMATIC CONDITIONS 

In this region of the United States the qunntity and distribution of 
ntinfall arc the climatic factors haying most eIred, on crop yields, 
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FIGURE l.-Ruinfllll at Beltsville, Md., br months, for cach year, 1929-3·1. 

and this is especially true of pastures. The rainfall during the period 
of the experiment varied from the most severe drought in history to 
a season which was almost ideal for herbaf?e production. 

Figure 1 shows the monthly precipitatIOn for the period 1929 to 
1934, inclusive, in comparison with the normal or average oyer a 
47-yen.r period ended with 1934. These data alone, howeyer, do not 
present a true picture. For example, in 1932, the total rainfall was 
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above normal, but much of it fell in hard, beating rains which ad­
versely affected the mechanical condition of the soil, and in addition 
much of it was lost in run-off. The average rainfall data were 
obtained from College Park, Md , since the records were not started 
at Beltsville, Md., until 1929. However, the average is applicable to 
Beltsville, as the two places are only 5 miles apart. 

While the 1928 data are not included, it may be stated that the 
rainfall ,vas heavy in August and September but below normal the 
remainder of the year. In 1929 the April and June rainfall was over 
3 inches above the average for each month, but much of tills fell in 
short periods, causing considerable loss of moisture. During the 
last 6 months of the year the total was 9.37 inches below the average. 

In 1930 this region suffered from the most severe drought on 
record, accompanied by excessively high temperatures which tended 
to accentuate the conditions. The deficiency in rainfall for that year 
wn,s 23.33 inches, the total precipitation being only 17.93 inches, or 
about 43 percent of the normal This drought really extended from 
July 1929 through li'ebruary 1931. In this period of 20 months 
there were only 2 months (October 1929 and April 1930) when the 
rainfall equaled or exceeded the normal, and the actual defieiency 
was 36.1 inehes, or 50.8 percent of the normal. 

During 1931, although the annual rainfall was somewhat below 
normal, it was adequate dming the growth season, :March to August 
inelusive, and this assured a good pasture season. The rainfall in 
August was excessive but not sufficient to build up the reserve of soil 
moisture which had been so depleted by the 20 months of drougbt. 
From September to December the rainfall was again below normal. 

The season of 1932 was peculiar in that the total rainfall during the 
yeaI' was 6.90 inches above normal, but during July, August, and 
part of September the ('rops and pastures suffered from lack of 
moisture almost as much as in 1930. During this YCftr most of the 
Tains were very heavy, and their effectiveness was decreased by 
Tun-oft'. 

In 1933 the total for the season was 4.66 inches above normal, but 
this excess can aU be credited to one rain, on August 24, of 7.31 inches 
in a 24-hour period. In general, however, the moisture was well 
distributed, especially during the growing season, and this, in addition 
to below-normal temperatures, resulted in an excellent season for 
pastlU'es. 

The season of 1934 was similar to that of 1932 except that the 
distribution of rainfall was even more errn;tic, varying from 2.52 
inches below normal in July to 9.24 inches above in September. 
The deficieney of 4.82 inches during June and July had a depressing 
effect on pasture production. 

PLAN OF THE EXPERIMENT 

The I8-aCTe field was divided into an 8-acre, a 5-acre, and two 
2-acre pastures, with a lane connecting each pasture ,,,ith the weighing 
yard, as indicated in figure 2. The 8-acre pasture (A-I) was intended 
to be grazed continuously at the rate of one animal unit to 2 acres, 
the 5-acre pasture (A-2) continuously at the rate of one animal unit 
per acre, and the two 2-acre pastures (A-3N and A-3S) alternately 
at the same rate us A-2 (one animal unit per acre). 

,..j 

• 

.__ 

.\iII 
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Gmzing at the rate of one animal unit to 2 acres was considered ligh t 
gmzing and at the mte of one animul unit pel' acre 'wus considered 
heavy grazing. The data obtained and observations made indicatc 
that these terms describe with fair accW"acy the actual rates of grtlzing. 
The animals used, however, were not mature, and the actual rntc 
was some-".{hat lower than intended. Considering both the age and 
the average weight of the animals for the 6-yenr period, the actual 
rates of grazing, cnlculated according to the standard proposed by 
Vinall and Semple,s were equivalent to 2% acres per animal unit for 
the light grazing and 1}' acres per animal unit for the heavy gmzing. 

In alternnte grazing it was originally planned to change the animals 
from one pasture to the other every 2 weeks,. but after the second 
year the grazing period wus increased to 3 weeks, which method was 
continued through 
1932. N ei ther of 810' 
these intervals of 
alternate gr nzing 

8 ACRESappeared superior to 
A-I, CONTINUOUS LIGHT GRAZI N G continuous grazing as 

'0indicated in the 
'" pounds of gain per N"" 

acre, and it was de­
cided in the spring of t 
1933 to govern the 
period of gmzing ac­ 793' .>oj 

cording to the growth 1 

stage of grasses and 
I5 ACRES'J 

It)legumes. In 1933anel 
I'- A-2, CONTINUOUS HEAVY GRAZING z1934 the periods of 

grazing were a.ppro:'\'-1­
mately as follows: (1) r r 
4 weeks on A-3N; (2) 2 ACRES . I 

"<06 tc 8 weeks on A-3S; - A-3N, t:LTERNATE HEAVY GRAZING J 
(3) () to 8 weeks on T 754' -:-
A-3N; (4) 4 weeks on ,I 2 ACRES o I<JA-3S, ALTERNATE HEAVYA-3S; (5)2 to 4 weeks "" GRAZING ,., '--'0r (It<­~~donA-3N. Thismeth­

~ 
690' I,' 0,>-."' 


oel of alternating the - LANE ­
cattle on the hvo pas- FIGURE 2.-Plan of the pllSture,ulRnagcmcnL experiment, animal hus· 

tures was designed to k~~~ry. farm, National Agricultural Hcscnreh Ccnter, Belts,-ille, 


effect the consumption 

of all the herbage on a given pasture before the nninutls were moved. 

The 6 to 8 weeks on pasture A-3S during the early part of the season 

resulted in the accumulation of a heavy growth of rather mature herb­

age on A-3N, which, however, was consumed rather completely by the 

animals in the 6 to 8 weeks following. A-3N was grazed first in 1933 

anelA-3S in 1934. . 

SEEDBED PREPARATION AND SEEDING 

The land was plowed in August 1928, and a,bout the middle of 
September it was double-disked twi(',e. After the limestone was 
applied the ground was barrowed with a spring-tooth harrow, und 

3 VINALI., H. N., and SEMPLE, A. T. UNIT DAYS OF GIt.\ZING. (Notes.) Jour. Awer. Soc. Agron. 2~: 
836-83i. 1932. 
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immediately after the fertilizer applica,tion it WfiS cultivated with a 
spike harrow. The seedbed was in excellent tilt.h at the time of 
seeding, September 27. 

In order to insure uniform treatment of all the pastures, the 18 
acres were seeded as one field and divided later into experimental 
plots or pastures. A heavy seeding of a complex mixture was used 
even though such expensive see dings are not recommended in practice. 
For experimental reasons it was considered iJest to include seeds of aU 
pasture plants adll.pted to tIllS region in ord01' to observe the contribu­
tion made by each under regulated grazing. 

The following mixture was sown broadcast ttt the rates indicated: 
Pounds 

Sown September 1928: 1),r acre 
Kentucky bluegrass (Poa pralensis) _____ ___ ___ ___ _ _ __ ___ __ ___ _ _ _ _ __ 12 
Redtop (Agrosli8 alba) _______________________________ "' _______ "' ___ 3 
Timothy (Phleurn pralenl?e)_________ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ ___ _ _ _ _ _ _ _ _ __ _ 4 
Orchard grass (Dactyli.~ glomerata.) _____________________________ . ___ 4 
Mulldow fescue (Fcstuca elalior) ______ "' , __________ "' _____ .. ___ __ __ 4 
Italiall.ryegrass (Loli1l7n 1Iw.lUjloT1/1II) _____ "' "' ______________ . _ '" _ _ 8 
Perelllllal ryegrass (L. perennc) _____________ "' _____ "' _ _ _ _ _ _ _ _ _ _ _ _ __ 4 
Red clover ('1'rijoli1l.1n pratense) ___________________ . ____________ • __ 3 
Alsike clover (1'. hybridum) ____ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ 2 
White Dutch clover (T. rcpe1ls)________________________________ __ 2 

Sown March 1929: 
Korean lespecleza (Lespedcza slipuZacea) ___ _ _ _ ___ _ _ _ ___ __ __ _ _ __ ____ _ 4 
COllman Je~:pedeza (L. stria/a) ___________________________________ . ]0 

One-half of the mi.xtme (exclusive of the lespedezns) WitS seeded 
lengthvvise of the field and harrowed lightly, after which the re­
mainder W!lS seeded crosswise and covered with a cultipacker. Pre­
vious to seeding, sl1mples were taken, and a germination and purity 
test of each lot of seed was made. The lespedezas were seeded 
broadcnst on the surface early in March 1929, 

LIME AND FERTILIZERS USED 

A detailed ll.cidity test of the surface soil was made every 100 feet 
to a depth of 4 inches over the entire field, and limestone WfiS a.pplied 
to those areas requiring it, as indicated by the test. One and even t,· ...o 
tons per acre were needed on certain ll.reas of the field, the greater 
amounts being required on the hlgher portions. A total of 10 tons 
was applied on tbe 18 acres. 

On September 26, 1928, the field received nn I1pplication of 400 
pounds per acre of 10-percen t s u perphospha te an d 100 po unds per acre 0 f 
sulphate of potash (50 percentK20). No nitrogcnfertiIizerwas used, as 
it WIlS felt that the growth of sweetclover plowed under previous to 
seeding would supply sufficient available nitrntes, and this assumption 
was verified in the rnpid and luxuriant fall growth of the seeding. 

No other applications of limestone or fertilizers were made except ill 
the spring of 1931, when 100 pounds per acre of nitrate of soda, 400 
pounds per acre of 16-perccnt superphosphate, and 100 pounds pel' 
acre of muri{1te of potash (50 percent K 20) were applied to all pastures. 
This was done to aiel the pastures in recovering from the severe 
drought of 1930. 

RESULTING STANDS AND TREATMENTS PREVIOUS TO GRAZING 

An excellent stand of the mixture resulted from the seeding because 
fall weather conditions were almost ideal. Italian ryegrass made an 
especially rapid growth, as did orchard grass and timothy. The 
clovers germinated well, but did not make much fall growth because of 

http:1'rijoli1l.1n
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the competition from the luxuriant grass growth. This dense growth, 
however, protected the clovers during the winter and early spring, 
when young clover seedlings without such protection tended to heave 
out. 

The growth in the spring of 1929 was very rapid, and the stand was 
uninjured by the winter. The lower portion of the field, however, 
contained considerable wintercress (Oampe barbarea) and field pepper­
grass (Lepidium campestl'e). Early in May, when these weeds were in 
full bloom, this area of the field was clipped and the growth removed; 
this practically destroyed all of these weeds before the seed matured. 
The gruss on the clipped area recovered so rapidly that in 3 weeks' 
time it was impossible to observe any difference between the clipped 
and unclipped areas. 

Early in April the field was surveyed, apd the division and lane 
fences ·were erected. Permanently marked qlladrats for plant-popu­
lation studies were located in each pasture. 

GROWTH CONDITIONS 

The pastures made very rapid growth in the spring of 1929, as 
indicated by the condition of the herbage at the beginning of the 
grazing season (fig. 3). It was decided to clip the excess growth on 

FIGt;IIE 3.-Typo and condition of steers untl growth of grass at beginning of grazing SllUson, May 1, 1929, 
i months ufter the gruss WIiS seeded. 

June 14, and 940 pounds per acre of field-cured hay of good quality 
was taken from the lightly grazed pasture, but the growth mowed on 
the other pastures was allowed to remain in the swath, to be eaten by 
the grazing animals. The greatest percentage of the herbage harvest­
ed as Imy was Italian ryegruss, because of its rapid growth, and it 
continued to be the predominating grass until midsummer. It is 
evident from the plant-population records that an excellent stand was 
obtained of all the species in the seed mixture, and in this respect the 
quadrats are quite representative of the pastures. 
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Two possible explanations are offered for the presence of Canada 
bluegrass in the pasture herbage although it was not included in the 
seed mixture. (1) A few plants were observed in the field previous 
to preparing the seedbed; and (2) the :purity tests of seeds showed a 
small amount of Canada bluegrass seed ill the redtop and orchard grass 
seed, but in such small quantities as to pass the purity specifications. 
Mention is made of the presence of Canada bluegrass at this time 
because of the prominence it assumed in the pasture florn. as the ex­
periment progressed. 

The most significant fact in the 1929 data was the uniformity of. the 
number of plants of each species seeded and the maintenance of this 
uniformity in the various quadrats. These results indicate that suffi­
cient seed of ell.h species was sown for an initial stand and that the 
presence or absence of allY species in the following years has depended 
on its longevity and its ability to withstand the competition of other 
species under grazing conditions. 

Plant growth was slow after midsummer because of the lack of rain­
fall, and by the end of the grazing season all pastures were grazed 
quite close. In the late fall the pttstures were harrowed with a spike­
tooth harrow and Scotch chain hurrow to scatter the droppings. 

Because of the luck of moisture during the preceding fall and in the 
spring of 1930 the growth was rather slow. Early in Murch of 1930 
the pastures were pncked with a roller weighted with 600 pounds, to 
set the young plants that had been heaved during the winter. On 
l-oIay 10 the Kentucky bluegrass, orchard grass, and the ryegrasses 
began to form seed bcads, and by that time the first effects of the 
drought were apparent. The mature grass was mowed and remo,ed 
as field-cured hay in the following quantities pCI' acre on June 20: 
From A-I, 1,710 pounds; from A-2, 390 pounds; and from A-3N 
and A-3S, 320 pounds. Regardless of the deficient moisture, the 
grasses showed many small green shoots after the mowing, but failed 
to make any considerable growth because of the drought and the con­
tinued grazing. The pastures were practically devoid of herbage at 
the end of the season, and for this reason no readings of the plant 
populations in the quadmts were made in the fall. 

In the spring from 25 to 31 percent of the ground was bare, as a 
result of the drought in the fall of 1929. The Italian ryegrass had 
practically disappeared, but perennial ryegrass was present on all 
the plots. Kentucky and Canada bluegrass, timothy, orchard grass, 
and redtop furnished almost 60 percent of the total possible cover of 
70 to 75 percent. 

The pastures made slow growth in the spring of 1931, even though 
they had recei,ed an application of complete fertilizer. The con­
tinuously and lightly grazed pasture was in the best condition on 
l-oIay I, when grazing was started, having an average growth of ap­
proximately \3 inches. The continuously and heavily grazed pasture 
was in very poor condition on this date, but the adequate rainfall in 
May increased the growth, and. by the last of that month there was 
an abundance of herbage. On A-3S, one of the alternately grazed 
pastures, there was a 12-inch growth and a heavy stand of grass on 
:May 15, when the animals were moved to it after pasturing for 2 
weeks on A-3N. 

All the pastures continued to make excellent growth the remainder 
of the season, furnishing an excess of herbage. In August the excess 

. 




:METHOD AND RATE OF GRAZIXG 9 

growth on the continuously lwd lightly grazed pasture (A-l) became 
so heavy that it was decided to clip the growth to It height of 4 inches, 
and 760 pounds per acre of field-cured hay was obtained from this 
pastUI'e. The other pastUI'es were clipped, but the excess growth was 
allowed to remain on the pasture. 

The plant-population data from the quadrats show a decrease in 
Kentucky bluegrass from 14 percent in th,e spring of 1930 to lens than 
2 percent in the spring of 1931 under continuous light grazinr;', while 
the Canada bluegrass during the same period increased from 22 per­
cent to 38 percent. Perennial ryegrass and. meadow fescue had 
practically disappeared in all the quadrats. The white Dutch clover 
increased under continuous heav-y grazing, making up Illmost 7 per­
cent of the ground cover. 'Weeds were more numerous under heavy 
grazing than under light grazing. 

All the pastures were grazed quite closely late in the fall of 1931, 
because it appeared at that tinlC that the pastures would not be avail­
able for further e~'Perimental work. Because of this close grazing, 
the pastures made slow growth in the spring of 1932. At the time 
grazing was started, on ~Iay 4, however, the grass was 4 to 6 inches 
high. The continuously and lightly grazed and the alternately and 
heavily grazed pastures ,vere similar in plant population, as they had 
a mixtUI'e of aU grasses, while the continuously and heavily grazed 
pasture was composed predominantly of Kentuch.-y find Canada 
bluegrass and white clover. 'Weeds were more prevalent in the pas­
tures durin~ this year than at any time in the course of the experi­
ment. "lute clover attained its maxinlUIll density during' the spring 
on the continuously and heavily grazed pasture, making up over 38 
percent of the total grolmd cover. DUI'ing this SilDle season the an­
nuallespedezas began to assume prominence in the continuously and 
lightly grazed pasture. It was estimated that they made up at least 
25 percent of the forage during July, August, and part of September. 
They came up to a good stand in the heavily grazed pasture but were 
suppressed by close grazing at the beginning of their grO\vth period. 
The plant population as described above for the pasture in general 
corresponded very closely to that found in the permanent quadrats. 

In 1933 grazing was not started until May 10, at which time the 
pastures had made very 1u..\.Mant growth. The orchard grass and 
timothy were 10 to 12 inches high in pasture A-I and 6 to 8 inches 
high in A-2 and A-3 on this date. ,Yhite clover made up almost 
25 percent of the stand on the heavily grazed pastures and continued 
to be prominent until midsummer. On the lightly grazed pasture, in 
the early part of the season, there was ut least a 10-percent stand of a 
legume, black medic (JIedicago lupulina). Its ol'igin is hard to 
explain, unless the seed had been in the soil for a number of years 
and the climatic conditions at this time became ideal for its growth. 
lUter the black medic had matured a hea,-y seed crop in mid-July, the 
lespedeza began a rapid growth, which, it was estinlatcd, furnished at 
least 50 percent of the forage from July 15 until October 15. 

The percentage of bare ground decreased in all the quadrats dUTing 
the season, especially in th~t in the lightly gl'llzed pasture. In this 
pasture Canada bluegruss, tmlOthy, and orchard grass made up oveI' 
70 percent of the cover. In the quadrats located on the heavily 



10 TECHNICAL BULLETIN 538, U. S, DEP'l', OF AGHICUVI'URE 

grazed pasture Kentucky bluegrass and white clover continued to bo 
quite prominent. 

The herbage in the pastures was about 4 inches tall when gruzing 
began on May 2, 1934, and growth continued satisfactorily until 
about July 1, when it was seriously retarded by lack of moisture, 
especially on the heavily grazed pastures. The lightly grazed pasture 
had sufficient excess growth if the annual lespedezas al'e taken into 
consideration. They supplied approximately 50 percent of the 
forage, making it sufficient to fUl'llish ample feed for the cattle lmtil 
the rains late in August caused a J'enewed gl'Owth. This Was the first 
season that Korean lespedeza contributed much to the grazing; how­
ever, the common lespedeza still predominated over the Korean in 
these pastures. 

The plant-population estimates on the permanent quadrats in 1934 
showed that Onnnda bluegrnss was becoming more abundant in the 
heavily grazed pasture, although it was not yet IlS prominent there 
as in the lightly grazed pasture, where it constituted almost 50 percent 
of the soil covel'. The white Dutch clover decreased over 10 percent 
on the heavily grazed quadrat, probably because of the competition 
from buckhorn, which appeared in great abundance dul'ing the dry 
weather in June and July. The quadrats located on the alternately 
grazed pastures maintained about the sttme stands of Kentucky 
bluegrass as they did in 1932 and 1933. 

PLANT·POPULATION STUDIES 

METHODS 

One quadrat 3 by 3 feet was located on a representative aTea in each 
pasture, and readings were made on each squllre foot in the spring, at 
the beginning of the grazing season, Emd again in the fall when grazing 
was discontinued. The results repo;L'ted are averages of the spring 
and fall readings on the nine square-foot areas in each quadrat Ilnd 
are believed to represent the seasonal plant population. In 1929 
counts were made of individl1al plants of each species except the 
clovers, which were entered as a group, No attempt was made to 
distinguish the three species of clover that had been seeded, and after 
1929 white Dutch was the only clover present in the quadrats. 

Beginning in 1930 it was impossible to determine the individual ..t 
plants of the turf-forming species, and from that time on the plant­
cover determinations were made by estimating the percentage of \I 
the fiJ'eas covered by each species. In addition the percentage of .. 
the area that was bare ground was included. Since there was nn .. 
almost 100-percent stand in the spring of 1929, bure ground was 
supposed to represent a loss of stand caused by wintCl'-killing, drought 
injury, or the natural disappearance of annuals and bienninls. If a .. 
dropping happened to fall within any quadrat and wus not removed 
befol'e the plants were smothered, such un area wus omitted in calcu- .... 
lating the percentage of ground covel'. 

The most difficult problem in estimating the ground covel' of oj 

various pasture plants wus to determine what credit sh0uld be given 
to tIle annuallespedezlls. At the time of making the sp~'ing estimates 
the lespedezas were ill the seedling stnge, and when the full count was .. 
made they were grazed off or mn.ture and the ground they actually 
covered was a very small percentage of the ground they covered in , 
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the summer during their ma~:imum growth. Notes were taken, 
howeycr, dming this period of optimum growth, and the lespedezas 
were credited. with their contribution to the pasture sward in the 
general notes for the season. 

In estima.tin~ the percentage of weeds no attempt was made to 
separate them lllto their vatious species. The vegetation classified 
as weeds was made up of aU the species that would be considered 
harmful to a permanent pasture even though they were grazed by 
the animals at certain stages of growth. The most prevalent species 
were crabgrass (Digitaria sallguinalis), buckhorn (Plantago lanceolata,) 
field paspulum (Paspalum lcU've), 11nd dandelion (Taraxacum officinale). 

CHANGES HUE TO GRAZING SYSTEMS 

In considering the chllngcs in plan t, population as 11 ffected by the 
different s~stems of grn,zing , probably the most significant wns the 
final prommence of Canadn bluegrass, timothy, and orchard grass 
nnd the disappel1l'!lIl{'e of Kentucky bluegrass and white Dutch 
cloyer under light grazing (table 1). 

At the close of the expl~riment there was some indication that 
timothy was gradually deer'easing and orchard grass increasing in 
importance. vYeeds were never a serious factor under light grazing; 
for although the records of 1932 and 1933 show 10 and 6.8 percent, 
L'espcctively, of weeds, thin was due largely to the presence of crab­
grass encouraged by the heavy rainfall during the late summer. 
Crabgrass, however, was never sufficiently abundant in an}T of the 
pastures to suppress the perennial grasses. It is unfortunn.te that 
the method used in determining the plant population does not give 
to the annual lespedezRs proper credit for their contribution to the 
pnstul'flge. 

Changes in the plant population of the quadrat in the continuously 
heavily grnzed pRsture tended in geneml toward a turf of bluegrass 
and white clove)'. In the fall of 1933 Kentucky bluegrass constituted 
almost 50 percent of the plant population. In 1934 the proportion 
of Kentucky bluegrass decreased coincidently with an incrense in the 
Canada bluegrass, which hRd shown a uniform decline from 22.9 
percent in 1931 to 11.2 percent in 1933. The increased percentage of 
Canada bluegrnss ih H)34 may be due in part to the June and July 
drought, which ki1led some of the Kentucky bluegl'llss. Timothy find 
orchard grass made up less than 10 percent of the plant coyer after 
6 YCiU'S of heavy graz.ing. vVhite Dutch clover reached a maximum 
of 26 percent in 193:~ but grndually declined to 7 percent in 1934. 
The abundance of white clover is known to yary widely from year to 
year. ·Weeds did not seriously compete with pasture plants under 
heavy gl'llzing. 

Heavy altel'lll1te grazing had a more pronounced effec.t on the plant 
population than eithcr of the other methods of grazing used. UncleI' 
this method redtoJl wns much more abundant than under continuous 
light 01'. c01)tinu~us heavy grazing, and timothy WI1S as abundant ns 
under lIght grazillg. Orchard grass, which made up 15 percent of 
the stand nt the end of the experiment under light grazing, had almost 
disappeared from the alternately grnzed pastures. The proportion 
of plnnt COvel' l'epl'esented by clover was about 10 percent during the 
last 2 years. "reeds were more abundant and more species werc 
present with alteJ'J:.lte than with continuous grazing. 

http:unfortunn.te


TABLE l.-Initial stands and1Jercelliages of bare ground and of groljnd cO/ler su.pplied by different grasses anclleg1l1lles for a period of 6 years 
IS:)under different llIcthotl.~ oj grazing ""'" 

Pastllres A-3X nnd A-3S, alternute hen\-yPnl;ture A-I, continuous light grazing PElSture A-2, continuolls he,,,''\' grnzing grnzing ~ 
III 

Plnnts per Plants per Plnnts per ZI 
c 

Item I squnrll foot squnre foot square foot .... 
Dnre gronnel or plnut coyer Bare ground or plant cover nnw ground or plantcoveriulnithtl ininitilll in initinl ~ 

stand,1929 stand,1929 stand,1929 t"' 

b:l 
Spring Fall 1030' J9:1l 1932 193:/ 1934 Spring }'all 1930 1 1931 1932 1933 1934 Spdng Fnll 1930 1 1931 1932 193311934 c:j 

-------------------- .--------- ---------- ­
"J.,\rU7n- NU11l- Pa- Per- Pa- Per- l'r- NUlIl- .JV1L1n- Per- Per- PeT- Per- PeT- Num- l'{unz.. PeT- P.,- Per- PeT- PeT­

beT beT cellt cenl cent cent cenl ber ber cent cent cent cent cent beT beT cent cent cent cent cent ~ J3are groUIl(L _________ ~ __________ 
-----3- 31. 1 21.6 17.5 12.6 10.2 ------- ----- .- 25.6 27.0 17.5 14. 2 10.3 .._----- -------- 2.1~6 37.3 20.0 19.8 12.7 ZKentucky bluegrass______________ 5 14.2 1.2 5.:! 5.9 8.6 4 3 23.3 22.4 24.7 46.6 40.2 6 4 18.5 19.0 35.0 36.-1 39.3Cnnada bluegn'ss________________ 1 2 22.2 :l8.1 35.0 46.4 50.1 'T 2 10.3 229 16:2 II. 2 28.1 'l' T .0 2.2 3.9 .7 1.7 

5 6 14.4 32.1 17.7 11.6 15.3 6 8 16_7 11.0 2.6 5.2 5.0 5 7 19.2 29.0 16_6 13.9 16.2
Timothy_____•___________________ ,"

0:> 
0011 -1 0.4 4.8 11.5 13.2 15.0 2 2 2.3 1.2 3.6 5.2 3.9 2 3 11.9 1.2 2.0 .4 .3 ~~~~~~~ ~~=:==:::::=:::::::::: 4 3 -1.4 .3 2.8 2.5 .0 2 I) i. i .0 .3 1.5 .2.2 3 5 14.1 3.5 6.5 7.3 8.7Itt:lian n'eh'T,15s__________________ c:j4 1 .0 .0 .1 .0 .0 3 '1' 1.1 .0 .1 .0 .0 6 T .6 .0 .0 .0 .0 

Ptl'~nnial rycgross__________ • ____ 4 6 4.0 1.8 .0 .9 .0 4 4 8.9 1.3 1.0 2.0 .7 3 5 7.3 .1 .7 .4 .3:l\1£1ldow fescue ___________________ OJ
Clovers 3_________________________ 3 2 .0 .0 .0 .0 .0 3 1 3.3 .0 .0 .3 .0 3 2 5.3 .0 .0 .0 .0 
L2SpedeUl________________________ 5 4 t 2.0 .0 .1 .1 T 2 1 .4 6.7 20.2 10.0 1.0 1 4 3.4 1.2 5.3 9.2 !l.3 

t::l8 3 -12.0 .0 '4.0 '2.0 '1.0 17 4 '10.0 .3 .1 '7.0 T 18 2 '24.0 .4 .1 '4.0 1.5\Yceds_____________• _____________ t;2 1 .3 .1 10.0 6.8 .8 2 1 .4 7_2 i.7 3.8 2.6 6 T 2.1 6.1 9.9 11. 9 10.1) 

~ 
I Spring count only. 

'T=trncc. 
 o

.I:;J
3 Clovers include red, nlsikc, nnd white Dutch in 1929, lifter which only white Dutch remained. 

, Number of plnnts per square foot. 
 >­o 

;:d ..... 
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Among the problems encountered in obtaining plant-population 
data was the difficulty, already discussed, of obtaining an accurate 
measure of the annual lespedezas. It was difficult also to estimate 
accurately the percentage of ground cover for turf-forming grasses 
and legumes, such as Kentucky bluegrass and white clover, wh(':ro 
they were growing in close association. Tho bunch s-rnsses, as timothy 
and orchard grass, do not present such a problem III themselves, but 
during this experiment it was not unusual to fmd Kentucky billegl'llss 
present in the bunches or clumps of timothy or orchard grnss, Rnd 
in effect the two species were apparently occupying the Slime gr'ound 
area. . 

In order to make comparable tho data for different years, the 
readings were made as nearly as possible on the snme date each year. 
It is realized that plant-population estimates obtained from a InrO'e 
number of small nreas distributed at rnndom oyer the pastures would 

I'JOUIIE -I.-Wire cage (4 hy -I (ect) used to keep t.he herbage (rom helng grazed. 

hnve been more representative of the sward thnll the single large 
fixed quadrats. The fL\:cd qllndrat was used for the purpose of mensUl'­
ing tlle permanence of tho various species included in the seed mixture. 

HERBAGE STUDIES 

METlIODS 

Yields of gruss in the various pastures were determined during the 
seasons of 1933 and 1934 by plncing two woven-wire cnges in oach 
pasture to prevent the nnimals from grazing on those particular areas 
(fig. 4). These cages, 4 by 4 feet and 18 inches high, were constructed 
of no. 9 galvanized wire soldered together at the joints. The sizo of 
the mesh was 2 by 6 inches, which was small enough to prevent 
animals from rellLching through but sufficiently open to provent any 
shading effect. ;'yletal stakes five-sixteenths of an inch in dinmeter 
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and 24 inches long were driven into the ground in each corner to hold 
the cages in place. 

The herbage was harvested by hand plucking every 14 days during 
the flush growth and every 28 days later.in the season. These pluck­
ings were made at 28-day intervals, on the date on which the grazing 
animals were weighed. When pluckings were made at 14-dayinter­
vrus they were taken in the middle of the weighing period. An 
attempt was made to pluck the grass as close as the animals would 
graze under normal conditions. Each time the grass was harvested 
the cages were moved to a new area as nearly representative of the 
grazed area as possible. When the cages were moved to a new loca­
tion the excess growth remaining on the new area was removed; 
hence the yields for the ensuing period represented only new growth. 
In 1933 the excess growth or herbage not consumed was discarded, 
but in 1934 this material was saved for determination of the yields 
and chemical composition. 

Yields were calculated in pounds per acre, both as green and as dry 
matter, the dry matter or water-free weight being obtained by drying 
the herbage from each plucking in an electric oven at a temperature 
of 98° O. until it reached a constant weight. The herbage from the 
two cages was combined and a composite sample taken for chemical 
analysis, the yield being calculated from the totals. 

The herbage samples for chemical analysis were first dried at a 
temperature of approximntl.'ly 50° O. immediately after being har­
vested, in order to prevent spoilage. When in an air-dried condition 
they were stored at ordinary room temperatures until analyzed. 

YIELDS OF HERBAGE 

In the last 2 years of the experiment (1933 nnd 1934) un attempt 
was .mnde to measure by agronomic methods tllt:l yields of herbage in 
the various pastures. Any effects of the various grazing systems on 
the productiveness of the pastures should be apparent in these last 
years. The yields obtuined from pluckings, as described under 
experimental procedure, are given in table 2. 

Oonsidering only the totals, it appears that in 1933 the continuously 
lightly grazed pasture produced 1,120 pounds more dry matter per 
acre than the continuously heavily grazed pasture, and 687 pounds <II 

more than the alternately heavily grazed pasture. A large purt of 
this difference in favor of lightly grazed pasture must be credited to :,. 
the unusually high production in August and September, when the .. 
annual lespedezas were making their maximum growth. In all the ' 
pasture, over 50 percent of the totn1 yield was obtained by July 6. 
The production per day during June was nearly three tin1es that of 
July I1Ild about twice as great a.s in August and September.. 

In 1934 the yields of dry matter for all three pastures were practically 
equal and averaged about 40 percent lower than in 1933. A 

The yields for the 2 years were similar, however, in that over 50 
percent of the total was produced before July 6. In both years, there- ~ 
fore, over one-ha.lf the total herbage was produced durmg the first 
one-third of the regular grazing season. This emphasizes the impor­
tance ()f supplemental pasture or feed, during midsummer whenev~r ~ 
the permanent pastures are grazed to capacity during the flush growth 
of spring and early summer; otherwise the rate of grazing must be ." 

• 


http:one-ha.lf
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regulated in May and Jtme so that some of the excess growth will 
be available in midsummer. It;will be noted that during August and 
September 1934 the herbage yields from the heavily grazed pastures 
were slightly higher than those from the lightly grazed pasture; this 
was due to the heavy growth of crabgrass and buckhorn. These 
weeds were abundant because the pastures had betln closely grazed 
prior to the heavy rains, and the abundance of moisture combined 
with the freedom from shading provided ideal conditions for their 
development. 

TABLE 2.-Yie7d per acre and moistllre content of grass pZuckings taken at 14- or 
28-day intervals during the seasons of 1933 and 1984 

yield and moistnreYield nnd moisture Yield nnd moisture under heavy »!teronto under light contino IInder heu\T contin­ grnzing (A-3X nndU(lUS grazing (A-I) uous graziug (A-2) A-oS)
Senson nnd date of harvest 

1---;----,---
Oreen Dry Mols- Oreen Dry Mois- Oreen Dry 1\1015­
weight mutter ture weight mntter ture weight matter lure 

--------/--------------------------­
11m3 poumd. Pounds P!rcent P~u.nd8 Pound., Percent Pounds PO/md•• Percent 

May 25. _______ •• ________ • 1,525 406 73.4 2,124 55S 73.7 3,076 S06 73.8
June 7____._______ _.___ .. 2, tiU8 743 72.1 2,014 721 72.4 2,927 756 74.2 
July 0 .. ______... . ____ 4,928 1,732 64.0 4, laS 1,405 66.1 3,241 1,158 {B. 3 
"~ug ..2________ •_________.•_ 1,601 553 66.7 2,450 662 73.0 2.001 511 74.5 
Aug. 30______.. __________. 2,7.,0 849 tlO.l 1,225 340 72.2 2, 192 561 74.4 
Sept. 28 _______ • ________ ._._ 2, iii 964 05.:1 1,525 479 OS. 6 2,137 nol 61l.1 
Oct. 26. _______•______•••___ 272 125 5-1.0 191 87 54.3 572 232 59.4 

TotaL...__________ .. 16,5S1 5,372 ______ .. g,2(17 4,252 ________ 16,146 4,685 ..____ __ 
= ======1= 

1934 
:May 18____________________ 1,742 -- 0465 491 70.0 2, 205 502 11.­lIIay 31.___________________ 1,7iO 446 53l is. 1 2,Olli 4[,0 78.5 
.June 27 ___ "''' ..... ___ ......... _..... 2, ano 520 SIS GO, 1 1,920 715 62. S
July 20...__ ....____________ 653 310 120 5G.O 504 198 60.7
Aug. 22___ . __ » ______ .. __ ._ 51i Hi:l 158 i4. S 939 237 74.8
Sept. 19_____..____________ • I,OU7 261 274 77.6 21,2\13 29:1 77.3
Oct.li____.._..._____ •____ • 8.J.1 2:r, 224 77,8 1,008 25H 74.3-------,--------------­

~'otnL ____________ .. _ S,029 2. i{)2 i........ 9,719 2,1113 _______ : 9,906 2,0541-------­

1 nigh percentago of huckhorn. 
2 High percentage of crahgrass. 

Each year, except those marked by drought, considerable uncon­
sumed herbage remained in the pastures after the flush growth period. 
The amount was greatest, of cow'se, in. the lightly grazed pasture, and 
uncler this rate of grazing mueh of the expess herbage produced in the 
spring remained untouched until the end ofthe season (fig. 5). Under 
the hea,vier gJ'lLZing rates the excess herbage was reduced gradually 
throughout the season, and little or none remained uneaten when the 
cattle were l'emoved in the fn'll (fig. 6). 

In order to measure as neaTly as possible the contribution made by 
this excess growth to the feed obtained by the animals under the three 
grazing systems, pluckings of the unconsumed herbage were made 
every 28 days beginning May 31, 1934. These estimates are given, 
in pounds of green and water-free llel'bage per acre, in table 3, wInch 
also indicates the moisturfl percentage for each plucking. A new area 
was plucked each time, so that TeeOl'ds for each succeeding date con­
tinue to include unconsumed herbage which had been produced in 
lvfay and June. 

The data in table 3 help to complete the picture of what happens 
under light and heavy grazing when the pasture is not clipped at any 
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time. The dry matter of unconsumed herbage in the heavily grazed 
pastures was greatest June 27, and from that date the quantity de­
creased until none was left in the continuously heavy-grazed pasture 

FIGURE 5.-Growth of grass nnd legumes 3t the enJ of tho rc~ulur grazing season, Oct. 2H, 1933, ufter fi 
yeArs of continuous light ~ruzitlg. 

F.lGUItE O.-Orowtb of grass and legumcs at the end of the regulnr grazing senson, oc t. 20, 1933, ufter 5 
years of heuvy gn17.ing. 

bySeptember 19. Under alternate grazing, by October 17, wben the 
season ended, all herbage had been consumed, which indicates that nt 
this ra.te of grazing the current growth of herbage was insufficient to 
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satisfy the animals and they supplemented this new growth with 
additions from the more mature herbage remaining from the spring 
growth, By the last of July the spring growth was quite matme and 
dry, as indicated by the low percentage of luoistlll'e, The increasing 
percentage of moisture in the later (Aug, 22 and Sept, 19) pluckings 
from the alternately grazed 1)asture was due vcry largely to the pres­
ence of crabgrass, The encroachment of crabgrass was apparently 
due to the system of grazing and the abundance of rainfall in August, 
Chemical analyses of this excess growth (table 4) indicate that tIw 
cattle were gNting, as one would e~q)ect, feed rather low in protein and 
high in car'bohydrates, 

TABLE 3,-Estimaled quaniity lief acre and '//lois/tire cOllient of u.nconsumed herbage 
re1llainillY on Ihe t'ltl'iOliS pas/ures at dijferent daies during the grazing season oJ 
1984 

'Cnder light grl1zing (A-1) is found a situ 11 tion en tirt'ly tlifl'pr('f) t 
from thnt under J)pU\'y grHzing (tuble 3), In A-I the dry l1JnttC'I' of 
lIB('{JllSUDH'd ]Il'rbnge inerensed until July 26 nnd 11 grndlllli deereilS(' 
l'oIJowpd until September 19, from wldch date there wns fill npP1'l'cia­
ble lllCl'pflSO ngain until tllp mid dIp of October, Tbe bigll moistuJ'(' 
perccntnge found in the uneonsullJPd hel'bngt' in Scptembt'l' [tIld 
Octohe I' indiciltps thn t the gl'tlRS wns thpll gro\\-iug mOl'e l'n.pidly 
tbn II the nnimals conRllmed it. The q llnn ti tiC';.> of lU1COl1Sull1ed herbuge' 
~hown for tbe lightly grHZpcl pnstul'c at di{],p]'ellt tinlt's tbrollgllOut 
the senson ill dicate. Hill t the nllimals utilized SOllle of this in August 
:tnt! the enriy ])lll't of Septembpl', There remnined, howp\,el', slighU\c 
more of this excpss growth ute the enl! of the senson (Oct, ] S) tlllln thp,;' , lIad b('pl1 nt the end of June, 

Jfl'OlU fl pl'l1ctiC'HI standpoint this l'eSel'YC of pnstul'nge nt tbe end of 
the l'egultu' grtlzing S(~HRon is by llO means n. totnlloss, Stich surplust 
lI!i1y be used ns n.lnte-fnll or wintC'r pasture for thin stock cn ttIC:' which 
would othol'wise rpquirt' Jnrger qunntitit's of t'xpensi\c lliln'est feed to 
keep them in good ('011 eli tiOll, 

CHEMICAL COl\II'OSITJON Of' HERRAGE 

'rable 5 gin's the ehemienl eompositioll of the herbnge in the three 
pnstures as obtained by nnalyst's of the pluckings made nt intel'\'l1ls 
during the grnzing seasons of 1933ulld ] 934, These pluckings wer(' 
intended to J'ppresent the herbage being entcn by the tll1imnls, Tllis 
material probably approxinmtes in eomposition the feed consumed 
nt different times of the yeur flS compared with the unconsumed 
herbage l'epl'esen ted in tnble 4, 

78731°--::!l--.:1 



TABLE 4.-Cltc1IIicol composition of the \/'l/.colls11'lllcd Itcrbngc obtntned by 1)/tICldl1gS '/IIudc (It !S-dflY 1·11if;rl'al.~ durillf/1he grazi1!g senson of 1.934 l-" 
':YJ 

Crude Crude .ITrue·· -Xouprotein Xill'ogen-frce
'\sh Ether 	 CulciuTIl Phosphorus ,..::extract fiher prote1n protein nitrogen extmct 


l\Jethod of grllzing 1Ill>1 ,hHl' of ~._. 1____.... , . _ IMois· 
 to5 
C':l 

hllrl'l'st I I I I I' I 'I ture('reen ,,'uter' Green Wnll~r· Oreen Wuler· ('reclI IWt\tcr.,. (',,'on i, Will er· orecnl,,"lIlur. Green j Wuter· Oreen Wllter· Green Water· =Z.J free.) rn'~ freo) t free t,) 1 freo frce frtlC free free 	 .... 
~- ..~--,------ -1--I--I-- .,' ,--- ...--.'-------- Ii 

;.. 
to'per-l I'.r· per-II)"'. I'a· Per- IW'! I're· l'tr'I/'''' 1 l'tr.!/'I'f- I'cr· Per- 1'''-1 PPr' P.r· Per· Per-

Continuous light l!nll.iniZ· ~e'lIl, ceill celli ~e'fJ/. r.e,~ .~e1lt ~t'"Ilt. i!t'llt_ ~;'~(' (·ell~. I Cel!~ (,'(;ll~ ~e}!!t: C~ll/~ ce'1J', eel!t l'eu!. CC1!t C!"I_ OJI 
2.(12 !l.UI 0.8U 3.0., ll.d 3.1.15 .1.1l.!.10.3a _.oll ,q.S" n..l.l, 1.13 1.1./0 40.9_ 0.08 0.2S n.w IUO 10.10 

Jun!! 27 '2.20 5.'S I.:m 1 :l.<\U 12.(i1) :12.37 a.:(1) ~.'I~ 2'~71 i.3·j .a~ .Sa 111.02150.19 .11 .28 .011 .24 IlO.OO 
~lny:U 

Julr2ti 2.112 5.27 I.M 3. \U 15.7f> :1I.02 :J.I~ Il.:m 2.7S 5.58 .:1Il .'H 211.81 53.8:1 .13 .27 .08 .W 50.2U ~ 
Au!!:'.:!:! 3.0n ;;AIl 1.51 2.ml 17.57 :1I.3S :l.!lll II. un a.·l/l 0.1. .:H .UO 31l.0o .la.71 • If) .2Il .10 .18 .j·I.W to' 

t;:J2. fi\l tUiII I. IS :1.Oti II. sa !III. 7:1 :1. r.!l lUiU :1. 21i S.4R . a2 .sa 19.:H 50.24 • ~'O ••;3 .08 .22 01.50lil'lil. III. ~V;I) OAR I.all 3.01 11.7H 27.211 n.m 11.1).1 ,1.,If> Ill. 20 .44 ].01 22.44 51.115 .32 .7:1 .("' .21 50.S0 	 .... 
Z 

Oct. 17 

;\\"crl1gc_ ~2~~J lI.o~ri·;~r:;:~,}i~==!~~D~JIi!l-!-:~,f~i~::=-!~~7\J [.3~ .S422.oi -;;1.14 i .17 .40-'-.(;iJl=·~21 fi7:~ 
~1 

Oontinuous IlPt\\'~~ J!Ti17.1I1lr: 
;\lllyal.. 1.70 7.10 .8.1 :1.2R 7.65 :m.:tfi 3.07112.20' 2..10/9.51/.51 2.l)a ]2.0a 47.731 .15 .33 74.80 00'''is/.osl 0> 

June ~i 	 2. iii 11.111 1.:19 :1.:t7 12.IJ) :1II.1i1l :1.72 !J.n5 :1.2S 7.117 .a:l .SI 21.00 51.011 .14 .a5 .10 .2.; 58.00 q
.July 211. 2.72 S.Ol La7 2.52 IS.,jl :la.1I7 :1.I\1 5.,~!l 2.83 5.22 '.2$ .fil 28.1~) 52.1i .24 .44 .W .18 45. SO 

.:\u~, 1'1 
 2.2!l ·\.117 1.37 2.07 H.77 32.11 :1 ••5 lUti :I.:.\S, 7.;1;;1.'28 .612:1.02 f>1.IXJ .20 .4a 

l 
.O\l .111 M.OO 

Ul 

.3.'3:115:;0 ]'.2~-:1.ijj_ '!..:.~I.~I:20 1._::~C~~~J,!l717.SIJ .~5"-:!l\) 21.:m ~o.oo .18 .41i •oil , .24" 58.:lS 
t;;I~\ \·r.rngf~ .- ~'I----_. -..., . ---.. :- ,-- '---1'--'- --------------~- t;:JAlternate hmtyy ~!T'11.in1!: 

l\loy31 I.M 1l.!15 .S~ :1.12 R.n:1 :12.21' :1.10 Il.Iii 2.112 I!.iS .:to 1.:14 12.49 40.50 • \0 .:m .09 .33 73.20 
JUHe 27 2. :12 li.72 I. 2, a. li7 1I1.:t~ :l!I. OS :1. SII 11. 27 a. JS \1.80 • as 1. III Ill. 78 48.1l3 .17 .49 • III .28 !io.50 ~ 
July 26. 2.70 ii.40 1.57 :1.1l7 17.17 :1:l.1I1l a.:lR 1I.•i2 :1.111 5.!!r. .2!i .m 21i.:11 51.4S .14 .28 .11 .21 4S.\lIJ 
"\ug.22 2••;0 I Ii. III I. ali a.20 12. 7:l :lO.7·j 4.70 11.1i1l 4.27 1Il.:11 .;17 .811 211.11 48.58 .15 .:17 • III .2:1 58. flO o 
Sept. to 1.111 f.. OS .118 :l.6~ 8.11; 211. 78 :1.~7 14.12 :1.27 11.\1:1 .45 1.05 12.1):1 40.08 .12 .43 . liS .211 72.110 ".l-... - .... --- - _.. _- .... --, .--.... -.- .. --~-----. ·--~-·--'-I--

A\·crage. .' _.,.~._J 2.28 [~.4.; .1.20 ~III,.II I:1I.28 :1.801.11.1)21 :J.:l:! 1I.1i5 .a6 1.10 17.liij 48.27 .14 .:m • III .27 0:!.7(1 ~ 
~ 
C':l 
q 
t" 

~ 
t;:J 

.I .. ..--- .: ...;: 	 - ..... .. 

http:10/9.51/.51
http:3.07112.20
http:111.02150.19
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TAllI,~: !5.--f'/Il'1IIical cO/llposition of hf'rbage pluckillgs '/Ilade a/ slaled ';1!/,crl'al.~ dndng till: grnzing .~('(/SOI!S of 1033 €Indi03!, 

SEARON Ol~ lII:I:! 

"~rrlloh Nonprotein INitrogen·free
.\sh Ether eXlrncll Crude aber ICrude prot,'ln Calcium Phosphorns

prolrin nitrogen c.xlract 


1Iletl\otl of ~rn7.ill~ 1I1111 dille o! i.,. Illfois. 

hnn"p$f. 1- f Ii"' f , T \ r , r , \1' 11' '" turu
jo- I 

1 On~(lIlI' Iltcr- Greell "nf.er~ Green "nter- Ore'll "nler- OTt~en 'nter- CrecIl "nt-cr- Green nter- Oreen ' fiter- Grecn nler­____ -l- . ' t::~__.__ ~~__ ~~~__"_ ~ __~___.__~ _.__~ .__ free freo __ 

~ 
l'olltluuoIIS lI~ltl grll7.in~' Pct. Pd. Pd. Pet. PeL Pd. Pd.. Pet. Pet. Pet. Pd. Pd. Pet. Pet. Pet. Pet. Pet. Pet. Pel- @

1I1ny25 .. l.Ur i.42 0.82 3.10 8.24 :10.117 2.i7 HI. 40 2.·12 11.10 0.2(\ (UIS 12.88 48.43 0.00 0.a5 0.0\1 0.33 7:1.41 .., 
./lInc7.", 2.01 7.21 .8:1 2.911 8.1111 32.1:1 2.8810.33 2.21 i.lI:I .50 1.80 I:t:l8 4i.!l·\ .11 .38 .09 .34 72.11 
July 11.... 2. :1$ 6.71 1. 17 3.32 10.23 211. j·l :1.85 10.117 :1.21 11.15 . ~8 I. 37 17- Oi 50.:13 .2,\ .1I1l .00 .27 04. So g"\ug. 2.... 2. ·12 i.28 I••15 4. :15 9.011 27.22 ·1.57 13.71 4.10 12.:W • :15 1. 06 15. n2 47.80 .26 . " .15 .44 60.70 
Aug. :10. f 2.01 1I.4!1 .7n 2.57 7. is 2.;.17 5.:35 17.:12 -1.88 15,79 .:16 1.15 15.011 48.82 .30 1.16 .011 .30 00. Oil 
t4ept.2$."" • 2'~4'f .1l•.111 1.08 .1.5-1 S.04 2:1..17 5. sa IJI.~JJ fl. 05 1-1.54 .50 1.70 17.21 4tl.01) .:10 1.03 .I~ .:14 65.20 :>­
OCl.2U... 1;\.22 7.01 1.57 a.'" 1~.t\5 ~~.lIl 4.112 \\).•0 ·1.51 11.80 .~I •liS 23.44 fill. 115 .22 .-IS .1:\ .:m M.Oll z 

,.\n'ml-rli 0~~~-~17ft~~~~all~~'Il.~.411.~~.12.~.~.II.~~G i;:j 

,------" -"-- _.. -..-- --'- --------------------------------------. ~ 
C'ontiriUotls he:l\'Y grn7.inJ!! ~ 

May 25..."" 1. !l7 7.4S .~o 3,28 S.I·\ ~O 05 2. Si 10.00 2.3i 1).03 .37 1.41 12.58\47.85 .H .52 .00 .311 7a.71 
JuneL~~~.~ 2.00 7. -Iii .SS 3. III 8.50 31.1:1 3.00 ) I. 20 2.45 8.80 .·1Il I. 70 la.14 47.60 .111 .US .O!l .3:l 72.30 ~ 
.lnlYIL ... 2.5:1 7.-15 1.22 a. oil It 02 20.25 a,70 10. III :1. III 8.87 .52 1.5a l!l. ~l ·!9. :10 .27 .81 .11) .20 tili. Oil 
Aug. 2.•• " 2.07 7.07 1.10 -I. ·10 O.5a 24.18 a.50 12. Ili 2. va 10.87 .4a 1. 58 13.85 al..l1 .22 .81 .11 .39 7a.00 o 
Aug. ao. 2. ]~ 7.01 .Im 2. ·18 (1.11 21. 08 ·I.UI 17.IiU .J. 57 1U.4:1 .~O •ua 14. 01; 50. 57 .:10 1.0i .11 .as 72. HI l:;j 
S~[lt. 2S. :!. a7 7~iH 1.0U 5. to (i.n 21.44 5.88 18.7·' 5. on .lfi.\l:\ "H, 2.12 15.0:1 47.87 .ao .H7 1') .38 1\8.60 
,let. 211. :1.57 7.81 1.Il:l :·tMi 11. a2 24.71) 7.4:1 IH.25 0.70 1·1. 07 .iH 1.1!I 21.~5 148.02 .48 1.05 .15 .:I:j 5·1. 2U o __ ~I__._._I___.I __ __ I _____ I·...__I __··_I___' ___' ___ '_~_ .... -1---'___ ' ___' ___' ___' ___' ___~· 1-

I:<l 

.':\ Yt~ruge .. _ 2. as I i.57 I 1.151 3.601 8.10126.2·11 4.·18114.0111 a.80112.0!l .·171 1.501 15.331 48.Il:l .2i .83 .11 .:1.5 [ 68.61 ~ 


=~==I=I=I=-=I=I=I=I=I=-=I=I=I~I=I=I=I=I=I= ~ 


.\llernllle he'I\'y grn7.lng: 
H 
Z1I1ny 2.1............. " 1.7·j 0.611 .78 2.09 8.88 33.00 2.56' 9.70 2.12 8.1.1 .:12 1.2·1 12.34 47.11 .09 .34 .U9 .a5 7:1.82 

,Iune L~_~" ~ I. u5 •• ~\ . HII a.31 i.llI\ 30.1Ia 3.21 12. :15 2.43 11.36 • f,U 2.26 12.20 46. \):1 . 15 .58 .01) . a:l 74.01 o 
JulyO..... 2.39 0.81 1.22 3.47 10.47 21J. 82 3.40 9.811 2.116 8.42 . as I. os 17. till 50.40 .21 .60 . II • au 64.811 
Aug. 2..... .. •. 1.05 7.m I. os 4.20 0.10 2·1.17 3.65 1·1. 27 :1. 02 .ll.i'li .~S I.M 12.90 50. a9 .18 .72 • J() .·10 a as 
Aug. 30........... . I. ~R 7.:10 .113 a.61 (\. os 2:1.114 :l.2fi 12. flS 2.81l 11.26 .26 l. oa 1:1. (ill 5:l.IG ,15 .60 .10 .3U 74. 30 
Sept. 28........... . 2.21 i.18 1.54 5.01 7.11 2:3.011 4.S0 15.5S 4.2,1 la.71i .42 1.3715.28411.00 .22 .72\.12 .38 09.20 
Oct. 26.............. .. '1 a.74 11.11. 1.07 ·1.06 S.42 20.49 0.15 l4. 00 5.60 ]a.62 .41 I. 00 21.20 51.72 .35 .80 • HI .:19 58.00 

",\ \"t~rn).!~_ ~* .. _ ~ ...... • i 2.27 ~ J:l5 3:81\ i.87 20.53 3. S7112. 7;\ 3.32110.110 ---:-:it ~ J5.05' 411. 00 ~~-.itl-:30~ 

~ 
CO 
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TABLE 5.-Chemical composition of herba{/c Jil!/c/dnys IIll1de at staled ill/cn'als i/urill{/ the yra zin!1 .~e(llSolts of 1983 (!Iul .l934-Continllcd t-:l o 
SlU80X (W !O3·1 

I ~- --T~-l" t,' 1"'1 ' f 
t;;1 
(J\sh t 1-""th -'r (';,\trncL C'nHIo fihl'r (('nule protein ru~ • opprl) l'lU ..'II rogeu~ reo CulciuJIl l'hosphorus.j. 

~ ~ i . l I I prolem IHtrogen extracL := 
~Ietholl ofgrnl.ingnnu dntonf I I~_·____~ .--- .... _~-___. '.~.-- --- I .. ---- _ .. ---- I"'lois· z ..... ahllrYCSL I' I . I . I I • Gmt'''I''I.Ilter.,'1(lreen I. I I - ,- I' tureGreen "uler· ore(',,\" Iller· On'e"I" aler· Cr .enl" mer· 1\ Ilter· (lree"I" Ilter· Orcell "nler· Oreen \\ flierfree Cree fn'o I C freo Crt'll f frcl.! frt..'O free (reu ~ ...-_..---- -- --- ,--- .-.- -- ---'-- -- .-- -.-- ---,--- --- --- ---,--- I:li 

Continuous light ~rnzin~: c:j~ ~ ~ ~ ~ ~ ~ ~I~ ~I~ ~ ~ ~ ~ ~ ~ ~ ~ ",IllY 18 •••• __ . 2.00 i.51 (I.~(j a.25 .'i.I,1 3r-.1I2 ;J.02 II.a7 2.:11 S.70 o.oa. 2.m 12.7-1 ·17.UI 0.12 Il.H O.lIS o.ao n.40 
MOY3L•... 2.:27 n.o:! .so ~t IS u.f32 2{i.~n a.os 1.t.fIll 2.HD ]J.~7 .~;2 2.05 12.00 ·J7~U2 .17 .un ~08 .:J2 7-1. SO 
Jnne27••.... 2.57 0.5X 1.20 :1.00 12. 05 :12.a(' ;J.01 7.70 2.05 n.77 .27 .70 1O.7!i 50.5-1 .11 .29 .12 .ao 60.90 ~ 
July 20." .. .. 2..13 [,.11 1.'13 a.112 ].\.12 2\1.•3 ;J,1I3 ~.2'i :1.·12 7.1\) .a!J .sa 25.71 5·1.13 .16 .34 .08 .17 52.50 1-3 
Aug. 22...... . 2.20 1l.1I7 1.15 3.63 1-..14 25.70 ,;.17 Iii.ali I ·LOr. J.1. 71 I .-10 1.25 J.'.1I7 ,17.00 .21 .U5 .00 .29 08.40 
Sept. 10....... . 2.51 11.71 1.1ll :UlI 11.211 21.2s ·1.a5 Iit.1l :1.77 H.5U .H I.ns 11I.ss 45.SU .13 .;;2 .07 .26 7·1.10 Z 
Oct. Ii........... .. 2.,(,( S.07 LIS ·1.21 11.·12- 22,.';( ·1.S7 17.a2 ·1.11 lUll ..i7 2.11·1 1:1.38 47.0:1 .Ia .4S .07 .20 7l.0U <:J. 

00 
,A ,"crago .. "_ :i~I£ -~r.rd~.~~ _:t:l~ ~~\J11.27..II·~:;~tI_OJ::i~2~c.:;,~~Jj~2~I_ ~1~[l5il~~i!!~I~s.77 ~ I.; .48 .08 -.27 -OS.OO 00 

.•• --,--- .. - ....... - --.- ~- . 1~···-· .-.... _-- " ..- -_ •.- -------.-----------------

Continuous lwnv-y grtlzing~ c:j

1\1IlY 18.......... ... III.,s 7.60 .76 :1.3J 0.20 20.1>2 :l.RO' 10.,13 I 2.fk~ 11.50 .S4· a.o·1 10.S5 46.95 .13 .58 .08 .35 76.90 
Mny3L............ . . 2.IS n.1l5 • Ii. a.O(\ ;;.:)Il 2·1.'IH a.-Ifl 15.79 2.03 12.0:1 .H2 2.83 ]1).4·1 47.05 .21 .94 .07 .3,1 78.10 r:Jl 
Juno27•••.. _..... . 2.43 n.ns 1.28 a.22 12.71 aLSo 3.77 0.44 :l.:lO o.2H .31i .•~\l IO.HH ·1Il.01l .22 .56 .11 .28 60.10 
July 20........... . ..12.52 5.73 1.30 3.HI m.ls 2U.!m 3.72 H.·lil 3.a3 i.5i .2!) .IiO 2:1.31 52.\18 .18 .-Ill .on .20 50.00 t;;
.r\ug. 22__ ~ __ ._ .. _~_._~ .. I 2.07 8.21 1.lla ·1.Oi n.oa 2:1.11-1 ,U5 10.2·1 4.:m 17,·12 .a5 1.37 1l.34 44.IIU .21 .S5 .08 .32 7,I.SO I:j
Sept. 19............ _•.. I I. \11 Ii. 0.,,1 ,.S.S. 3. fit. 5. Ull 22. I.Ii a. 64.. 16.27. :1. 1:1 1:1. Q.~ • all. I •. 72 11.01. -Ill. 13 .15. . ti(\ .00 .20 if. 00
Oct. 17. __ .......__ .... . 
 ~':-09 ...:.~Ia ..-:05 ..2::0_~3 ~:~5n .-2::15.1::5:'. ~7fl "I~:U~. _..:'1:1 .~9S Ll~.fl2_.4~~_._I':.~~_...:.2.:. i7.SO ~ 

,A"crnge~_ ~ ~ _+~~ .. " .. _~." L3:.!..:...2~_.!.::.I..2.~., _____ 7.55~.5\J__ I___ 3.UI j!.~'i:y~I_:l:..:I.:..!2.[,1__~_~. _.:,'2'..._1::"2.I.!:I:~.:...L:~~~~~____ ____ ___ ~ __ ________ .30 71.61 o_~____ ___,_~_~ .. . __~ ____ .-~ ",T_, • • _ -. -- ­

"'J
Alternate hell\')" gmzing:

Mny 18._.... __ ......... . 1.80 7.011 ~ iO 28.30 a.·lo ].J,OO 2.4:\ 1111.0.4 .7:1 :3.20 10.n:! ·10,03 .17 .i31 .OR .:10 ii.2O:1.:121 6 ·1" ~ 
}lIllY a!........ . 2.U5 S.87 .. 71 :Ulil 0. -12 27. Sl :1.44 1·1. tlO 2.70 11.6\1 .511 2. ·12 1Il.li(l ·11l.13 .17 .72 .08 . an 70.00 !;'l 

Juno 27....... . 2.+12 n.71 ·-( :1. 52 11.:11 :JI. 3:1 a. ilS lO.21: a,27 II. Oil .:J[ .so 17.52 4S..;2 . IS .49 .11 . 30 6~. 00
I • .,-
July 26..... . 2.:11 5,60 1.41 3.,(,1 12.IH 211.,13 a.llll 1I.0a :1.22 7.~7 .30 .S7 21.ilfi 52.72 .20 .50 .011 .22 .50.10 ~ 
Aug.22..................... . 2.02 g,OI 1.07 4.25 G.a:! 25.10 ·!.iH W.W 'J.2~ 1•. 00 .·10 1.58 11.11 4·1.07 .13 .51 .10 .a8 74.80 (J 

Sept. 19.. __ .................. . 1.75 7.71 · H2 :J.02 5.,18 2·1. 14 :UI 1·1.58 ~.~:J 12.·15 .:In I. fill 11.·(0 50.48 .11 .4!1 .07 .29 77.30 c:j 
Oct. 17•._..... __ ••••••_...... 2.02 s.on .~7 ~.-I!I .1. SO 2:1.+1 3.S,1 15.:17 :1,:15 naB .as I. fill 12,.,-1 ;;O.J.I .14 .5i .08 .30 75.00 ti 

-,~ --- -, ­ --'-- -- ..-.--- - .. 
_-\. vcrugc_ .. ~ ... ~_ ... _~ " 2. 05 7.56 • IlU 3.5:J 7.711 27.08 a.7·1 -I'MII 1:;~15 .1~:7~]-.~ -L~2· ~~.f>I~S~:j~ ~ .·;i ~""7t.72.03 

----;-~-~. ~- - ~ 
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METHOD AND RATE OF GRAZING 21 

The composition of the dry matter as shown in table 5 indicates 
that in 1033 the crude protein was lowest in the May pluckings and 
gradually increasecl until late August and September. The seasonal 
rellt,tion of the protein content (table 5) is not as nearly in accord 
with the results obtained in clipping plots as are the data for 1934, 
which show a period of high protein values in early spring, followed 
by a low in late June and July, and a second period of high values in 
late August and September, whenlespedeza was abundant. Calcium 
followed much the same trend as protein throughout the season, but 
the phosphorus content remained fairly uniform except for a con­
sistent decline in July of both years. On an average, the ratio of 
calcium to phosphorus was approximately 2:1, which is a desirable 
one according to nutrition studies of these elements. The amount 
of each element was also adequate throughout, except possibly in the 
lightly grazed pasture in 1934, where the seasonal average for calcium 
was 0.48 percent and that for phosphorus 0.27 percent. 

The crude fiber in the llCrbage of the various pastures was com­
paratively low, and, as might be expected, the average percentage 
was highest in the lightly grfized, lowest in continuously and heavily 
grazed, find about intermediate in the alternately and heavily gmzed 
pasture. Naturally, conditions were reversed in respect to the crude 
protein content of the herbage, the average for the 2 years being 
13.05 percent for the lightly grazed, 14.56 percent for the continuously 
and heavily gmzed, find 13.4 pereent for the alternately and heavily 
grazed pastures. The results indiciLte a ration suJIiciently rich in 
protein for the- needs of beef animals. 

GRAZING STUDIES 

CATTLE USED 

Yearling steers of Aberdeen Angus, Hereford, and Shorthorn breed­
ing were llsed during the course of tbe experiment. They runged in 
grade from Low Medium to Choice ns feeders at the beginning of the 
e':-'l)eliment. The lower grades of cattle were used in 1920, 1931, and 
1933, and the higher grades in 1930, 1932, and 1934. 

METHOD 0.' HANDLING STEEns 

The steers were divided into three groups, each consisting of steers 
representative in regard to average . grade and weight. The groups 
were handled as iollows: 

Grollp 1.-4 steers, grazed continuously on 8 acres (pasture A-l). 
Group 2.-5 steers, grazed continuously 011 5 acres (pasture A-2). 
Group 3.-4 steers, grazed alternately 011 two 2-acre pastures (A-3N alHl A-3S). 

The steers were weighed on 3 snceessive days at the beginning of 
each year's work. The average of these tlll·ee weights wus used fiS 
the initial weight, und the date of the third weighing WIlS taken as 
the initial day of the experiment. Throughout the grazing season 
the cattle were weighed at intervals of 28 duys with the exception of 
the flrst yeur, weights being taken at about the same hour each weigh 
day. The steers were weighed on 3 successive days at the close of the 
experiment, the a\~erage of these weights being used IlS the final weight, 
the last weight being tuken on the dfiY the e:q)eriment closed. 

No supplemental feed was used while the animals were on pasture. 
Water was available in all paddocks at all times. Snlt was weighed 
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into each lot and was accesei.ble to all animals throughout the grazing 
Geason (table 6). 

TAllLB G.-Salt provided per steer on pasture 

Quuntlly or snl~ 
pro\"ided-

Groupno. 

Per day Per senson 

OllllCe.' POllnda 
I 1.9 18.0 
2 1.8 li.4 
a 1.9 18.4 

COMPARATIVE GAINS UNDER I>IFFERENT SYSTEMS OF GRAZING 

The a,vernge weights and gains of the steers for the different grnzing 

seasons and for the whole period of the experiment, from 1929 to 1934, 

inelusiyc, n.re shown in tn.ble 7. 


TADLB 7.-Average weight.5 a.nd gains oj sleers eluring the variolls grazing seasons and 

Jor the 1Jeriod 1929-34 


-
! .A \'cruge weight A verugu gain 

G rozing J1~";o(l amI group no.1 I Jnltilll :Finnl Per stee: Daily per I Per nl're 
steerI ------ --­

],'irsl senson, lIfuy 1 to O~t.10, 1929 (lOS du~'s): 1'01111118 Pound.• Pound. POII.nds POllnds 

Group J ...""'_"""""' _............... .. ~,.. ..... 585 940 355 2.11 li7. 5 

Group 2.................................... ,iH3 aSt US .58 98. o 

Group 3................................... . 574 721 Hi .88 Hi. 3 


Second season, 1II!1~' 1 t.o Aug. 21, WaD (112 days) 

Group 1 ••••_.................__............ ",.,,,- 594 752 158 1.41 i9. 3 

Grou I> 2••••__ ............._.___............ ... '" ~ .. 593 OSS 95 .848 !l4. 8 

Orollp 3.................................... 010 iOO 90 .80 89•.3 


R"~ ~ 

'J'hini slllIson, 1I1ny 1 to Oct. JU, 1ll3l (1[>8 days): ----I 

Oroul> 1.......__......................... .. ron 8i3 334 1. 98 160. i 

Oroup 2...........__..................... ..•••• 1 520 803 343 2.04 :142. 6 

(Jroup 3.................................... .;..., 520 81G 290 1. iO ZHa. r, 


Fourth senson, 1I1ar 4 to Scpt. 21,1932 IHO days) 
Group I .................................... - .. ~ -I 024 D3S 314 2.24 156. o 
Group 2.................................. ..- ... 542 iOO 218 1. ';0 218- () 

I
Group 3 .... ' .. , ............................ 
~ 

'1 Gl5 828 213 1.52 212. S 

Firth senson, 111 uy 10 to Ort. 25, 1!133 (IUS days): 


, 492 811 :119 1.90 159. 4

g~~~:l~ k===:::=::::::::::::::::::::::::::::.. ., .. 4n9 iOl 


~ ~ ~ ~ 

Zi2 1.38 Z12. U 
~ ~ ~Group 3.................................... .. 469 iOl 232 J. 38 Zll. S 


SL,th season, l\Jay 2 1.0 Ort. Ii. 11134 (Ir,s !lnys): 

Group I ............................................ 456 717 261 1.55 130. 4 

Group 2.................................... .. _.. ·1;'0 647 191 1.1·1 190. 8 

Group3.............................. ' .... .... 

~ 

1 460 G50 190 1.13 189. 8 

Period or eXperiment (JU2\I-34);


Group L_.........- ••_...._................ I 5·18 835 287 1. 87 J.l5. o
....I
Oroup2................................... . ... (,27 i23 )\16 1.26 Hili. O. 

Group 3.................................. .. 

~." 

Ml i30 195 1.25 194. U 


1 Group 1,4 stecrJ; group 2. 5 sleers; group 3, .J steers. 

RESULTS IN 1929 


In 1929 the pasture had a very thick stand of grasses and legumes, 
with a growth t,hat averaged over 10 inches in height at the time 
grazing wus started, :May 1. In all attempt to utilize this heavy 
growth, the rates of grazing were doubled for the fu'st 28 da.ys, with 
1 steer per acre 011 pasture A-I and 2 steers per acre on each A-2 and 
A-3 pasture. 
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During this period these extra steers on the pasture produced aJ1 
additional 75.1 pounds of gain per acre in pasture A-I, 111:2 pounds 
in A-2, and 108.2 pounds in A-3. ·When these gains are added to 
the seasonal gain per acre the follo,ving production should be credited 
to each pasture: A-I, 252.6 pounds; A-2, 209.8 pounds; and A-3, 
255.5 pounds. For the remainder of the season the various pastures 
were grazed at the rates indicnted in the plan of the experiment. 

The steers on all pastures continued to make gains of over 1 pound 
per hend pel' dny until the last of August, when the lack of moisture 
severely reduced the production of herbn.ge. The average gains of 
the steers in the various groups are shovm in table 7. 

The excess growth that accumulated during the early summer on 
the lightly grazed pasture (A-I) was sufficient to provide feed for the 
remainder of the season, so that the steers on this pasture continued to 
gain until October 16 (fig. 7). On the heavily grazed pastures (A-2 

Fl(lU1U: i.-Sleers am! pasture at the eud 	of the firsL grnzillg seaSO/l uuder COlltiuUOUS light grazing, 
October 10, 192U. 

and A-3) the surplus growth had been consumed by August 21, and 
the steers on the one continuously grazed (A-2) lost weight at the 
rate of 2.46 pounds per hend per day during September and October, 
while those on the. alternately grazed pasture (A-3) lost 1.92 pounds 
pCI' IlCad per dny III September and 1.0 pound per head per day in 
October. In the last 2 months the steers on A-2 lost 58.5 percent 
nnd those on A-3 lost 35.7 percent of the gains made prior to 
August 21 (figs. 8 and 9). Under good farm practice tho steers 
would have been removed from the pastures about September 1, or 
given suppl~menta·l'Y feed sufficient to maintain their weight. The 
results nrc of value, 11Owevor, in indicl1.ting the importance of sup­
plementn.ryor temporary pastures on. which to carry livestock during 
the drought periods of In,ta summer, when hen.vy gl'Hzillg is prn.cticed. 
Gains during the 1929 season nre shown graphically in figure 10. 

http:herbn.ge
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FIGUI\E S.-Steers lUHi pasture U~ the cnt! of the first grazing seusoll untler continuous hellY)' gra1.ing.

OClober 16. 1929. 


FIGUne 9.-Stcors and p:lsture at the end of the first grazing season under alternate heavy grazing. 
October 16. 1U2II. 
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RESULTS IN 1930 

The grazing season in 1930 was rec1,uced to 112 days because of the 
severe drought. All of the steers made good gains during May and 
June, and group 1 continued to make substantial gains in July. Pas­
tures A-2 ami A-3, however, began to show the effect of heavy grazing 
about the first of July, and group 2 made only slight gains and group 
3 showed a slight loss during this month. The average gains of the 
steers in the various groups are shown in table 7. 
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FIGURE lO.~Awrage weights of steers by 28-dny periods during the grazing ';"lIson of 102!l. 

Grnzing was continued until August 21, when aU groups were 
losing 'weight rapidly. In addition to the drought, two factors con­
tributed to the reduction of llerbage available for grnzing. On June 
20 (before the beginning of the drought) the excess growth was re­
moved from ull pastures by clipping with a field mower. If this sur­
plus herbage had been allowed to remain it probnbly would have 
furnished sufficient pnsturnge to extend the gnins over a longer period. 
A fire that burnett over a portion of pasture A-I during the first week 
in August materially reduced the amo\lnt of herbage availuble in 
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that pasture. Gains during the 1930 season are shown graphically 
in figure 11. 

RESULTS IN (931 

In 1931 each group made good gains dUTing May and June, but 
during July the steers on both the lleavily grazed pastures mude 
practically no gain, while the steers on pasture A-I made an average 
daily gain of 1 pound per head. The steers on the heavily grnzcd 
pastures began to gain in August and continued to make good gains 
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FIGUItE It.-Average weighls of sleers by 28-day periods during tho grazillg WIlson of 1030. 

the rest of the season (fig. 12). The avernge gains of the steers in 
the various groups are shown in tn.bIe 7. 

After the experiment was closed, pasture A-l still contained an 
u,bundance of herbage, although 760 pounds of ail'-dry hay pel' acre 
had been removed during the first week in August. In an efl'ort to 
utilize this excess growth 40 steers were turned on this pasture, and 
it furnished them excellent grazing for OVer 3 weeks. Records were 
not tal~en of gains in weight. 
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RESULTS IN' 1932 

In 1932 all groups made satisfnctory gains during the 140-day 
grazing period except the one on the henvily grnzed pasture (A.-2) , 
which lost an average of 0.54 pound per head per dny during the last 
28-day period. TIlls loss was due to lack of herbage caused by the 
midsummer drought and the heavy grazing willch removed the 
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FlOUR.: 12.-Avemgo weights pC ~tecrs by 28-dny periods durIng the grazing senson oC 1931. 

excess spring growth early in the summer. During tIllS same 28-day 
period group 1 made an average daily gain of 1.43 pounds and there 
appeared to be enough pasturage remaining to have carried the steers. 
with satisfactory gains until the end of the grazing season late in 
October. The average gains of the steers in the various groups are 
shown in table 7 and in figure 13. 

RESULTS IN 1933 

The grazing season in 1933 extended over the normal period, and 
each group made satisfttctory gains every month except during July, 
when group 1 showed a daily loss of 0.16 pound and groups 2 and 3 
heavier losses of 0.46 and 0.91 pound per head per dny, respectively. 
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The above-normal rninfall after July improved the pastures to such 
an extent that all groups made satisfactory gains the remainder of 
the season. The average gains of the steers in the various groups 
are shown in table 7. 

The change in the intervals of grazing on the alternately grazed 
past1ll'es, as mq)lained on page 5, was started d1ll'ing this season. 
While tho new method appeared to have some advantage over the 
old method, it did not give any increase in beef production over con­
tinuous grazing at the same rate. 
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FIGURE l3.-Averago weights of steers b~' 28·day periods during tbe grazing season of 1932. 

At the end of the regulaT grazing season pasture A-I had n, heavy 
growth of grass and annuallespedeza remaining, and to utilize this 
excess growth 20 yearling Hereford steers were turned in for a 28-day 
period. These steers averaged 369.2 pounds in weight n.t the begin­
ning of the period and 393.9 pounds at the end, which made an addi­
tional61.7 pounds of beef per acre to be credited to pasture A-I, or a 
total of 221.1 poundE\ per acre for the season. The results indicate 
the possibilities of following a system of light grazing with beef 
animals during the regular, grazing season and utilizing the surplus 
growth for carrying thin feedl;lr cattle during the late fall. This 
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method of grazing would produce beef animals with a high finish, and 
the gains per acre would probably be neady equal to those obtained 
from heavy grazing. Gains during the 1933 season are shown graphi­
cally in figure 14. 
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ltESUL'l'S IN 11)3·1 

In 1934, good gains were made until the last of July, when the elLrly 
summer ntinfall deficiency so reduced the pasture growth on the 
hen.vily grazed pastures thn,t the steers lost over n pound pel' head per 
day during August. During this same period the steers on the lightly 
grazed pasture gained 0.7 potmd pel' head per day. Groups 2 nnd '3 
continued to show slight losses until the middle of September. The 
group on the ulternn.tely grazed pastures fniled to make any greater 
gains thnn the group on the continuously grazed pasture of the same 
size as the two alternately grnzed pnstw·es. The n,verage gains of the 
steel's in the yurious groups are shown in table 7. The gains are shown 
gruphicU:Uy in figure 15. 
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Pasture .A-I agnin had surplus growth remaining at the end of the 
regular grazing season, and the 13 steers that had been used in the ex­
periment were aU placed in this pasture for a period of 28 days. Dur­
ing this time there was a total gain of 182 pounds, or slightly over 25 
pounds per acre. 

AVERAGE GAINS FOR PERIOD 1921}-34 

The average gain per steer for the 6 years wus greatest for those on 
the pasture lightly grazed. There. is no significunt difference in the 
fweriige gains from the two heavily grazed pustures, one continuously 
ulld the other ulternately grazed at the same rate per acre. 
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The gain per acre was grelltest for the cattle on the heavily grazed 
pastures, being almost identical 'for thecuttle on the two pastures, 
v.~hile for those 011 the ligh tly grazed pastures it was much less. 

The average gains 'for the various groups of steers over the 6 yeuTs 
are shown in tn.hle i. 

During the first 56 days all three groups of cattle made satisfactory 
gnins. From that periocion tu the close of the grazingsenson the 
steers on ,the alternaJelyand heavily grnzed pasture ,and on the con­
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tinuously and heavily grazed pasture made very small gains and 
finished the season at practicn11y that same weight level. On the 
lightly grazed pasture the steers continued to gain until the last 28­
day period, when their weight l'emained stationary, The average 
gains during each 28-day period are shown graphically in figure 16 fo~' 
the 6 years of the e:q)criment, 
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J~STJl\IATE() QUANTITY Ot' DltY MATTER CONSUMED BY THE STEERS 

In culculn.ting the q unn Lities of dry mnttel' consuIlled by the steers 
gnl,zcd Ileeording to the diffcrent systems of gmzing included in this 
experimcnt, certnin nssumptions nre necessary. On the nssumption 
that similnr rutes of gilin nre nssociated with similar mtes of intake, 
use wns mude of tbe dn.ta on dry matter consumed by the various 
groups of steers in a ~Missoul'i feeding experimcnt.4 

Estimn/;cs of the quantity of grnss eaten were mn.de on the basis of 
the {i-yenr Iwcrnges of the weights tnken nt 28-day intervals as COlll ­

pared with similur' rates of growth of the .Missouri cattle. 'With the 
• :MOI:I.TOl" c. n., 'rItOWllltiDGE, J'. ( .... nnd HAIOII. (J, D. ~Tl'DIES IN ANIMAL NUTIlITJON. 1. CIIANGES 

IN FOIlM .um \\"~:JGIIT (IN IJU"~'EI":NT PLANES O~' Nt:TIlITJON. rvIa, A~r, EXJlL, Stu. l{cseurcu Bull. 43, 111 
PIl., iIIus. J9~I. 
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exception of the latter part of the first 56 days of this l'xperimen t, 
approximately similar rates of growth were shown in the ~1issouri 
data. During this period the pasture-fed steers grew somewhat 
faster than the full-fed ~1issouri steers. 

The weight curves of aU groups during the first 56 days were prac­
tically the snme. Dming the succeeding 112 days (the fifty-seventh 
to the one lltmdred and sixty-eighth da,y), the animals of groups 2 
nnd 3 made smnU gnins, wherens those of group 1 continued to grow 
u,t n satisfactory nLte except during the last 28-day period. 

The feed consumption of eueh group during the first 56 days was 
computed from the f'eed consumed by group 1 of the J\1issouri cattle. 
Since this wus n period of increasing feed consumption, nverages of 
la-day periods were taken. The lower limit of weight in en.ch case 
was the a,veruge weight of the steers when they were turned on the 
pasture paddocks.

For the J'emaining 112 days the quantity of grass consumed by 
group 1 wns nrbitrarily assumed to Tepresent the same feed vulue as 
the dry mntt('r consumed by the half-fed cattle of gl'Oup 2 of the 
~'fissoUl-i experiment, since both these groups ronde apprm.-llnntely 
the same Tate of growth. Since the dry-matter consumption in the 
Missouri experiment WIIS prnctically constnnt during this period, the 
u,vernge feed. consllmed (10.56 pounds of dry mu,tter per nnimul pel' 
da,y) was used instead of the dry ma,tter consumed in the la-tiny 
lwernges, on whieh wns bnsed the feed consumption during the first 
56 days.

For gl'Oups 2 Ilnd 3 the avernge dry mntter (7.76 pounds of dry 
mntter pel' animnl per day) consumed by group 3 of the :MisSOlll'i 
experiment (mnintennnce) owns used. 

The consumption of dry mattel' ill round numbers wus nccordingly 
en.1culated as gi\.!en in tuble S. 

TARLE S.-Calculated consumption of dry 711afl,er by .~teer8 in Bellslrille 
experiments 

J)ry llUlttcr (!onsuJUcd 

nry Dry}'ifLy· JIluttcr mlltterseventh.Arcn in COIl­ COll­
.AniJll1l1s to one sumed slimedJluddock First hundred

fl!ty·sL~ Totlll per per
Ilod

dllYs Here unimnl 
sixt~·· 
ei~hth 

______..____1______._____ dllY-------
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J _.......................... -•. 
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I{esults during the fir-st 56 days are low, probably for two l'ensons: 
(1) Trho mte of gain in the latter part of the grazing period was 
slightly higher thon that of tIle Missouri cattle, and (2) the Missouri 
ca,ttle l'oceiyed dry feed. The hn.y probably had a greater crude-fiber 
content tluLU thegmss. The results of the estimates indicate thiLt the 
Ilnimuls in groups 2 Illld 3 ate essentially the same amounts of grass 
nnd that they consumed all the feed available. 
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The animals in group 1, on the ot.her hand, with n, lru'gel' firea pel' 
animal in which to graze, consumed more grass and did not gmze the 
pasture to the maximum extent. 

Comparison of the dry matter consumed per acre would indicate 
tlmt about 40 percent of the grass produced remained in pasture A-I. 
This statement is subject to modification in thaG as the grass became 
scurce in the summer the animals grazed the pasture more closely than 
they did earlier in the year and undoubtedly used the reserve that had 
uccumula.ted. 

As the Missouri steers (high-grade Hei'efords) were similar in 
breeding and weight and made about the same gains as those used in 
tlus e:\.-periment, it may be assumed that practicnlly the same quan­
tities of dry mittter were consumed. 'While there may be a difference 
in the quality of the dry ma,tter in the gmss used by the Beltsville 
steers and that of the grain mixture and alfalfa. hay used by the 
1\lissoul'i cattle, the gains produced by a given quantity of dry 
matter from cach source would proba.bly show but little variation. 

SUMMARY AND CONCLUSIONS 

Difl'cren t ratcs and methods of grn.zing have II pronounccd ('{rect on 
the plant population. Canadn, blu('gmss, timothy, orchard gI'flSS, and 
lespedeza. predominate 11l1der light continuous grazing; K('ntucky 
bluegrass and wlute Dutch clover predominate under heavy con­
tinuous grazing. 

Onr one-half the total herbage was produced during the first one­
third of the r('gulnr gmzing season, as determined by hiUTesting the 
growth from protected areas. 

In a t('st of differentra,tes of grazing, the grass in the lightl~T grazed 
pasture will not be entirely consumed by the nnimnls. lJndCI' su('lr 
conditions tlH' gains lllll,de by the anill1flls He not likrly to he (,OI'1'C­
lat.cd with the :yiclds obtained by 1ll0\\Cing 01' plu('king tll(\ gruss. 

The tlYerage l'ntio of calcium to phosphorus in the hnl'Yl'sicd hel'b­
n.ge wns approximately 2:1, which is recognized flS n. sn.tisfnctol'Y 
ratio. 

The protein content of the herbage averaged 13.67 percent for 2 
years for n.U pastures, indicating fl· ra.tion sufIieiently rieh in protein 
for bed animals. 

L'ndcr ('onditiol1s of the experimen t, no signi.fl('ull t difl'cl'eJl(,(,s wel'(, 
obseryed in the gnins mnde by steers on pnstuJ'cs grazed hetlyily and 
filtcJ'[}/l.Lely, nnd on j)HstUl'eS grnzed hea,yily und ('on tinllously, nt the 
I'll te of one J1Nld P('J' acre oyer the 6-year period. The 6-~-eHr nycm.ge 
gain per stc('l' on the continuously and heayily grazed pastures at tl)(\ 
mtl' of one steer per acre was 196 pounds, fiS compm'ed with 194 pounds 
fo1' those on pastures nltel'llately and heavily gl'fl,zed. Steers on the 
continuously nnd lightly grazed pasture, stoeked ut the rnte of one. 
anirna.l to 2 u('l'es, mnde an average gnin of 287 pounds pCI' steel', us 
compared with an l\,verage of 195 pounds for the steers on the pnstures 
heavily gl'fl,zed. The steers that gained the additionnl 92 pounds 
each were considembly better finished; they had grazed aLthe rate 
of 2 ncres pel' hen,d. . 

Average gnin pel' acre for the 6-yeuT period wns 145 pounds for HIe 
lightly gl'nzed pnsture, 196 pounds for the continuous ilea,vy gl'llzing, 
and 194 pounds fOI' the nl terna,te heavy grazing. 
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Surplus forage, which remains at the cnd of the J'egulur grazing 
period when pastures are not closely grazed, can be used advunta­
geously by thin feeder cattle in the ln,te fall and early winter. 

If the animals are to make satisfactory gains wIlen heavy grazing 
is practiced, some pro\rision Dlust be mude for supplemental feed 01' 

pasture during Jate summer when plant growth is retarded by hot, 
dry wea,ther. 

During 1933 and 1934, when the lightly gra.zed pasture was grazed 
after the close of the regt~Iar season, un additional f1TC1'nge gain of 43 
pounds pel' acre was obtained. This, udded to the gains pet' 11(,1'(\ 
obtained during the regular gl'fl.zing senson, mllde lin lLvel'nge tOtl)} gnin 
per acre of 18Spounds, as eOlUjJul'('d with 211 pounds, the rlYcrnge for 
the helLvily gr'azed pastures during the snme yen,l's. 
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