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Measuring Productive Capacity of Pastures
‘Through Maintenance Studies With Mature
Steers !

By A. O. Rroap, animal husbandman, Animael Husbandry Division, Rureaw of
Animal Industry, and R, B. CARR. assistant agronpmist, Division of Forage Crops
and Discases, Burcau of Plani Industry, Soils, and Agricullural Engineering,
Agricullural Research Administration
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INTRODUCTION

Productive capacity of pastures is generally mensured by deter-
mining the amount and quality of the botauical cover and of animal
products resulting from grazing the pastures. Sometimes one ot the
other of the iwo methods is employed.

The technigues used in pasture inveztigations in this country have
been the subject of cobsiderable study In recent years (1) %% The

€3 object has been to bring about universal standardization ¢f the pro-

cedures and the metheds of reporting the results in order that a more
adequate evalnation of pastures may be made.

‘Some of the complexities of pasture evaluation revolve around the
use of animals as measures of production. Gain in live weight of beef
steers is generally considered to be the most satisfactory measurement.
Gdin in Live weight, however, may be an expression of an increase i
gréwtl, fatness, or fill or a combination of these factors. Because of
the complex nature of live-weight gains, an experimental errov is
inYolved in any computation of herbage production or nutrients con-
mgned when based on the reverse use of feeding standards related to
gdins in live weight.t This is referred to as the animal-requirement
" rsabmitted for pubiication September 15, 1934

=Ftalle numbers in parenthieses refer (o Liteenture Clted, page 2.

EIGRT OF TIfE CONFERENCE 0N ENERGYT METaABOLsm. Cominiitee on Animal Nutlritien, Nall. Res.
C&ineil, Washington, Id. ¢, 93 p. 1925,  [Processedj

HOUSD-FABLE DISCUSSION, TIE COMEARATIVE FUTRITIVE VALUE AXT RELATIVE (05T OF FORAGE {FASTORE
ANBUHAY) AND OTHER CROPS.  Amer, Boe. Agron., Crops Sect, Progmim, Subsection 3, Weshingtoo, D, O,
23 pp, 1935, [Provessed.] i .

LYha reverse use of fecding standerds involves the determination of ¥ields of pastures by caleulating Lho

amcunt of total digestible nutrieniz reduired in maiutainiog weights of aniotels or fram observed gains in
weight, and o dalry eatile frotg observed milk production.

BI03U0°—§5——1
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method of determining yield of pastures. In spite of the error
involved, however, the {eeding standards are considered to be suffi-
ciently accurate to justify their use in reverse.

The quantity and quality of herbage produced are usually deter-
mired by the agrenomic method, that is, by clipping and chemical
-analyses of the pasture samples. Various experiments (4,6,7) have
shown, however, that yields obtained by clipping are 15 to 40 percent
more than yields caleulated by the animal-requirement methed.
These differences have been attributed to too low nutrient requirements
of feeding standards for grazing animals, selective grazing, and differ-
ences in the nutritive content between pasture clippings from protected
arens and the herbage consumed by the experinmentfal animals. An
apparently large part of the differences in yield is attributed by
Forbes (8) to the reverse usc made of feeding standards in eomputing
consumption of herbage. An aceurate determination of the amount
of forage consumed can be obtained only under controlled conditions
of expertinentation. By an ingenious method of gathering fecal
samples from gros.ng steers, Garrigus (5) developed a technique that
greatly increased the aceuracy.

OBJECT OF EXPERIMENT AND SCOPE OF WORK

The main object of the present study was to eliminate some of the
expertmental error inherent in the animal-requirement method of
measuring productive capacity of pastures. Mature steers were used
to eliminate weight changes due to growth, and the weights of the
animals were kept at maintenance to reduce changes due to fill and
condition. Part of the experiment involved controlled feeding of
herbage in dry lot to determine actual amounts consumed rather than
computing the amounts from the reverse use of feeding standards.
Published digestive cocfficients were used, however, in determining
the total digestible nutrients consumed.

Concurrently with the animal-tequirement method the agronomic
method of determining pasture yields was followed, in which no
modification of standard procedure was employed. By muaintaining
the initial weights of mature steers when placed on pasture it was
possible to malke 8 move accurate comparison of the eificiency of the
animal-requirement and agronomic metheds of determining pasture
yields than bad previously been made.

In this experiment, conducted at the Iberia Livestock Experiment
Farm, Jeanerette, L., during the grozing seasoas of 1939, 1940, and
1941, three pastures, the productiveness of which had previously been
determined, were used. As the productivencss was measured during
1932 to 1938 by the established procedure (2) of grazing for maximum
steer gains, it was believed that the present expertment would indicate
the advantages, if any, over the established procedure.

WEATHER CONDITIONS

Jeanerette, La., is located in the heavy-rainfall area of the Gulf
cosst. The average annual rainfall of 57 inches is fairly well dis-
tributed throughout the year. Owing, however, to the flat topography
and clay soils the runoff is slow, so that for most of the year the water
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table is high. The meain drainage ditches constantly carry some
water. The region is less than 50 feet, and most of it less than 20
feet, above sea level. Summer temperatures and humidities gre
high. The average frost-free period is 261 days. Table 1 gives the
mean monthly temperatures and rainfall for the region during the
period of this experiment, as well as the Jong-time average. '

TABLE §,—Nean monihly temperatures at Abbeville, La.} and monthly rainfall
al Jeanerelle, La., 1989-41, and long-time averages al Jeancrelte

Mean tetnperaturs in— Teintall in—

MMonth
1041 AR30-41 (1004-307 1839 M0 41 | 163041 | 1918-38

Tuekes | Inchex | fnehze | Taches
5 b LA KAL) 2,88
2.43 5,42
6. 24 3,35
4.74
848
10. 36
12,68
253
b 47
4.4
2.94
487

Januery
Februory_
Mfurch..
April_

aar
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Avgepre
tota) .. a 46,4 3 08.8 ] 43.25| TR40( OT.57 (| 6206

1 Beenuse of incowplete telepuraiura cocords at Jeaneeeite, Lhe records fAled ut Abbeville, ba., are given.

Abhaville i= ahonl 25 wir miles from the Theria Bivestack Exneriment Ferm at Jespeeette,  Botb places aro
shott the snate distuatee frot eonsti) iparshes and opeu Gulf waters,

AL Jouneretie,

3 Regurds intorugiee.

EXPERIMENTAL PROCEDURE
Pastungs Usep axp MeTnovs oF Grazing

Tour pastures, each approximately 210 by 1,245 fect in size, equiva-
lent to an area of 6 acres, were used in this experiment (fig. 1). From
a larger area, known as pasture 10, the herbage was mowed and fed
to the steers in the dry lot (both also shown in figure 1). The earlier
history of pastares 2, 6, and 8, their fertilizer treatiment, botanieal
composition, and productive capacity measured in steer gains per
acre have been reported clsewhere {2)° DBriclly, the treatments
were as follows: Lach pasturc received 4,000 pounds of ground
oystershell per acre in the fall of 1931, Pasture 2 received, ju addition,
200 pounds of superphosphate per acre amually during 1932-36;
pasture 6, 400 pounds of superphosphate aud 78 pounds of muriate
of potash snnually during 1932-36 and 200 pounds of nitrate of
sodu during 1832-38, No lertilizer was applied to any of the pastures
during 1839-41, the period of the experiment. At least onge cach
season during 103841, the pastures were clipped to conirol weeds
and were harrowed to scatter the droppings. During the 6 years
precoding the experiment, the average annual steer gain per acre
was .92 pounds on pasture 2, 312 pounds on pasture 8, and 351
pounds on pasturc 8. Thesc pastures were selected for this work
as representative of low, medium, and high fertility.

Pastures 2, 6, and 8, as well as the dry lot, were enclosed with &
woven-wire fence with three strands of barbed wire on top. In

3 ROUND-TADLE DISCUSSION. THE COMPARATIVE HUTRITIVE VALUE AND RELATIVE COST OF FORAOE

{PASTURE AKD HAY) AND OFHERCROPE, Amner, Soc. Agron., Grops Sogt, Program, Sgbsectivn 3, Washingion,
D. C., 22 pp. 1938, [Processed.]
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n
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Freuae T.—Arrangement of pastures and facilitics, Ihorin Livestosk IZxperiinent
Farm, Jeaneretie, La. Dols on sides of pastuies 2 and § indicaie posilions,
&t various Gitues, of portable electric fences neross bhe pastures. Dash lines
inclose pastures not used in present experiment,

addition, along one side of pastures 2 and 6 an electrically charged
wire was sicung on top of the fence posts as a feeder for tho movable
clectric fence that divided the pastures into north snd soutls sections.
The areas of these two sections could then be increased or decreased.
Shade, water, and salt werc available in both sections as well as
In pastures 1 and 8 and the dry lot.

Pastures 2, 6, and 8 were grazed at a rate that would, as nearly
as possible, mamtain the weights of the steers. Pasture @ was sob
aside as o holding pasture for the cxperimental animals when they
were not grazing the other three pastures. The weights of the steers
in pasture 1 were likewise kept at maintenance level in order that,
when necessary, these animals could be retwmed to pasture 2,6 0r8
without significant change in weight. No cffort was made to place
the steers on the sameo pastures from which they were removed.
During most of the season the shilting of steers {rom one pasture
to another was the usual procedure.
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Six steers were placed in the south section of each of pastures 2
and 6, and their weights controlled by increasing or decreasing the
ares. over which they grazed. Changes were made at ¥-acre intervals,
Six steers were used in the south section of each pasture as it was
thought that at no time would the psstures be so poor that they
could not maintain the weights of at least this number of mature
animals. These steers remained in the pasture throughout the
grazing season.

The north section of pastures 2 and 6 were grazed at a rate that
would keep the herbage in the same stage of growth as in the south
sections and that would also merely maintam the weights of the
steers. When the size of the south sections was increased, one or
more steers were removed from the north sections, and when the
size of the south sections was deereased, steers were added to the
north sections.

In pasture S enough steers were used to make it possible ouly to
maintain their weights, but the animals were free to graze over the
entire 6 acres. g

The dry lot was kept fallow and free of all herbage by periodic
cultivation. Six mature steers were placed in it, and ther weights
were kept as nearly as possible at maintenance on a ration of freshly
cut herbage. This was cut on pasture 10 late in the afternoon with
s horse-drawn mowing machine. Although the herbage on this
pasture was somewhat more mature than on pastures 2, §, and 8,
all four pastures had about the same botanical composition. Half
of the ration was weighed out and fed shortly sfter mowing; that is,
dbout 4 p. m. The other half was weighed out, kept under shed,
ang fed the following momming at 8 a. m.

Dereryuning Pastore CompostTion anp Probuciton

Two methods were used in determining the botanicsl composition
of the pastures. KEvery 28 days during the 193% and 1940 seasons
the percentage of ground covered was determined for each species;
in 1041, the relative frequency of each specics in the pasture sward
(7). The former data were obtamed on representative 4- by 4-foot
areas, subdivided into sixteen 1- by 1-foot squares, in each pasture.
To obtain the frequency of each species the inclined point quadrat
was used, and determinations were made at 10 poiuts in each six
representative 250-squarc-foot areas in each pasture.

As a means of measuring the forage production on the grazed
pastures by the agronomic method, two open-mesh wire cages, 4 feet
square and 18 inches high, were placed on representative areas in both
the north and the south sections of each pasture. These cages were
used in pairs for the purpose of obtaining yields from (1) an area that
was left uncut and protected for 28 days and (2) an area that was cut
at the time the cage was set for the 28-day period.

The cages were set for the first forage determinations each season
at the time the steers were turned on the pastures. By the end of the
first 28-day period in 1939, the pastures were so closely grazed that 1t
was impossible to obtain, by cither clipping or plucking, nccurate
forage yields. The method of forage determination then became a
routme procedure of setting four eages on representative areas at the
beginning of each 28-day period and clipping and weighing the growth
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at the end of the period. The result was converted to an acre basis
» and represents the pasture production in green forage.

These forage samples were dried at 65° to 70° C. in an oil-heated
oven for 2 to 4 days. They were later dried in an electric oven at 90°
to 110° for at least 72 hours and were then considered moisture free.
Samples from pastures 2 and 6 were sent to Washington, for chemieal
analyses. Because of the large number of samples involved in this
study the forage samples from pasture 8 were not analvzed.

For making chemical analyses, a 1-pound sampie of the fresh herb-
age fed to the steersin dry lot was weighed out each evening and hung
m & wire basket in the shed to be air-dried. At cach weekly cattle
weigh day, the seven samples were placed in one sack and further
dried in an electric oven. Samples of this dried material were for-
warded to the U. 8. Department of Agriculture, Beltsville Research
Center, Beltsville, Md., {or analysis, ‘

The total digestible nutrients of the forage fed in dry lot were
obtained from the chemical analyses. Use was made of the following
digestive coeflicients by Morrison (8) for “ pasture grasses and clovers,
mixed, {rom closely grazed, fertile pastures’”; For protein, 77 percent;
fat, 56; fiber, 76; and nitrogen-frec cxtract, 78. These were used
from the beginning of the grazing season to the first of July, which is
about the time that the clovers disappear and the pastures become
covered - predominantly with grasses for the remainder of the season.
For the later half of the scason use was made of the following digestive
coefficients by Morrison for “‘grasses, mixed, immeature”: For protein,
70 percent; fat, 62; fiber, 66; and nitrogen-free extract, 75.

Carree Usen anp MeTHODS OF HANDLING

The experimental steers were grade Herefords purchased on the
Fort Worth market in the spring of 1937 when they were about 14
years of age. They had been used for 2 years, 1937 and 1938, in
experiments on the same area as that of the present experiment and
were about 4-year-olds in 1939, when they were placed on the main-
tenance experiment. They finished the Iatter in the fall of 1941 as
6-year-olds. When taken ofl the experimentsal pastures in the fall of
1939 and 1940, they were placed on a general pasture supplemented
with heme-grown grass hay and a 56-60 honemenl and salt mixture.
The object was to have the steers in thrifty condition and in medium
flesh when they were placed on the pastures in the spring.

All steers were weighed once a week, and allotments fo the various
pastures were made in accordance with the gain or loss in live weight,
current condition of the pastures, and the cstimated pasture growth
during the weelk ahead, consideration being given to the season of the
year and prevailing weather conditions. To eliminate the factor of
water fill in individual animals on the day of weighirg, all steers were
gathered at 7 a. m. and held at the water troughs before being driven
from the pastures to the pens, where they were weighed beginning at
about 8 a. m.

The electric fences were moved to increase or decrease the areas
thought necessary to mainfain the six steers in the south sections of
each of pastures 2 and 6. Estimates as to the herbage requirements
for the steers in dry lot were also made at this time, consideration being
given not only to the gain or loss in live weight of the animals but &lso
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to the area from which the herbage was cut. As far as possible, only
young growing herbage high enough for the mower to cut and be caught
in the grass-catcher attachment was used. When it was necessary
to move to another area this was done at the weekly weigh period.
All groups began grazing on the same datc each year and finished,
with one exception, on the same date. In 1939 the season extended
from February 23 to October 26, or 245 days.  The steers in pasture
2, however, were removed 14 days earlier. In 1940 the season ex-
tended from March 28 to October 10, or 196 days, and in 1941 from
Mareh 27 to October 23, or 210 deys. The average grazing season
for the 3 years was 212 days for pastuve 2 and 217 days for pastures

6 and 8.
RESULTS OFF EXPERIMENT
COMPOSITION AND PRODUCTION OF THE PASTURES

Table 2 shows the botanical composition of pastures 2, 6, and 8.
Trom the table it iz evident that for the most part each pasture was
composed of clovers and grasses throughout the seasons. The clovers
predominated during the spring and the grasses during the summer
and fall. In 1940, however, becanse of the excess rainfall—17 inches
above average {rom June through September—the clovers persisted
through the summer, wherens the grasses, especially Bermuda grass
were less abundant during that year.

Although the species composition of the pastures (determined in
1941) was similar, pasture 2 had less clover and more grasses, especi-
ally carpet grass, than either pasture 6 or8. In all three pastures,
however, carpet, grass progressively increased from 1939 through 1941
and crowded ount to some extent the Bermuda and Dallis grasses,

TABLE 2.— Botanical compesilion of pastures 2, §, and 8 as measured by percentage
of ground cover in 1939 and 1840 and perceniege of species in 1941

Miscel-

Pastural White Ber- | Dapiis [Carpet | Vaspy | Hop {l851¢0uS
o,

e muda o y . grasses
clover ETNSS prass | griss | prass | clover | =04

weeds

Year and season

1538 | Percent| Percent} Percent | Percent | Percent
21 39,2 kii 0.4 0.8 -

2
Spriog (Feb. 2i-hlay 17) L
Summer (June 15-Aug. 10

Tall (Sept. 7-Cct. 380)
1840
Soring (Mar, 25-alay 39

Locrta0n S rEfac il

Summer (June 0-Aug. 14} o

e e 1.2 2 i £
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13 b =

Fall (Scpt. 13-Oct. B
194}
Spring (Alar. 26-Auy 22}
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o
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Tanve 3.—Percenlage of dry matter and of chemical constiluenls in clippings from
pastures 2 and 8 and in forage cul from pusture 10 for feeding steers in dry tot

Dry | Crud crude | o | Btber | car. | on fieect
- . Pasture y rude ruae ¢ open- Sther al- | Thos- | digest-
Year and soason |V N 0 Hber | Ash proteinl free- extract| einm | phorus lible no-

extrach trients
1882 Pereent \Perecat \Percent | Pereent i Pereent | Percent | Pereeni | Pereent | Poreent
S 248065 281 1135 IER 46,35 2.00 0.51 .41 5. 10
Sprivg. e 13 20, 34 25,45 10, 40 17003 HT 1.8 LBy .37 BE. 7L
WP WA 2406, 1871 i 5l 43,2 2.3 Lo L35 {54, 4
2 27. a1t $1.50 .16 0. 48 46. 83 1.491 L2 i ] G5, 87
Suwmmer. ... G 2540 ] a0o7 &M 11,41 27,05 106 L ) G673l
10 20,47 o, Uiy 1545 43. 58 2,01 ) )1 . 50
] HIVRIry 4.7 11,45 0. 50 1,493 LA L35 il 44
Fallo.. ... ] P 0.l .02 B0. 59 1.0a i it 4. 31
0] 360 | 8®| 543 a035| Voo .45 B sl 00
1840

a 233t 378 1246 16,00 [ 44,65 an L3 i 7
Sprbug. .. i a3 +iL 08 1M 1832 431 18 L. Rl [ &}
) 18925 26, B 14,96 1k 7 214, {18 2.8 [ 41 65, 21
20 2180 25,08 0, 45 1, 37 4. 222 e i 6. 59
Sumnmer. oo ...] 04 ey 33,21 83 0| 4655 214 k] 3 0r. 0%
10 =13 do00v 414 14,00 43, 86 1.3 e iy} G7.12
2 30, 64 2.1 9. 348 un, A1 4x, 58 2,40 a L3a [t 52
Falooe .. G 2522} oy s N §OALTE L AR E 207 Sy o Gt.48
) 161 43.52] 8L.75 W2y Y42 49,81 LG g1 .2 3L 6

| 0 )

85 § : i
N ” 21 1R8] 2596 10.60 a2 112 .35 ;4. 52
Spring .. . ... .. G4 1900 | 2597 | 114l aey Ll gl sn e
] 0 20,73 2870 LTI i. 0 L2 I
. ps 18,06 3129 497 1. 60 L8001 - . 0, 03
Sammer. ..ol fi gz 321 4. ik &7, 42 : CE G
W 2 b ognT w5l 171 R U
2 TG0 | 9T L3 215 P .32 11, 14
Fall. e . G AN B4 . A, I { 2,30 B L35 l 43, 33
10 30,20 I? 306 10,09 ¢ ¢ 150 30 .32 B, 80

. I : : :

o LA RO 0. 22 l 13.61 } 45.72 1 209 40 LA 66.35
F-Fenr average ° 60 SRy 2.8 mem o1 | 18,25 HA | 6 AT L3S
0] 253G #8371 oM [ 13.07 ; 43 17 184 LT3 ! .43 i UG, 4R

For the pecfod of pach season, gee table 2. .
For each of pastures 2 and 6, 24 menthly sam ptes Lakew; for pasture 10, 83 7-doy compesite samples.

t
2

TasLe f.—Farage produciion of pastures 2, 6, and 5 comprded from pasiure clippings
Jor both seasonal and duily grazing periods

‘ Farnge produclion per apre
!
Pasture i . Graring } .
Mo, Girazing season E Period Sensonal ; Tradly
: I - T
H Green 1 Oven dry ,l Green | Oven dry
i Daps o Rl oAy Powumfy Poumls
1. n 21, 45 5,9 43.03 25,92
16,772 7 i 15. 51
2 S 0T a0, y2
: 24, 85
' 31.35
| .31
4 <16, 204 |' ! 40, 7
31,051 | 143,00 | 3043
5t 172 | 04, 52 2415
s L5, 510 05,47 Ti-85
'g 20, 35 1M Gdop 176,97 i
AVRBER . e e n7 [ 26, 352 | 5, 454 122, 51 25,09

! On thelask day of the prozing periods eiding Tuly 13, 1089, aud Apr. 23, 1641, ail the enges in this pasture
were disturbed by Lhe sirers, a ey that prevented (0 seoirnte mepsureinenl of the hechane production
for these periods, - Praduetion was estimate on the hasis of 1 earrying capacity of pasiure 8 in relution to
tiat of pastures 2 nod 6 and the known herbage production of pastures 2 zud & for the same periods,
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Table 8 gives the chemical annlyses of clippings from pastuares 2
and 6 and of berbage fed to the steers in dry jot. The table shows
that the clippings and the herbage fed in dry lot had about the same
nutritive valuc. The greatest differences were in the [all samples,
the clippings during this season being considerably lower in dry matter
and in crude fiber end bigher in protein and cther extract then the
mowed herbage.

Table 4 shows the forage production of pastures 2, 6, and 8, as
computed from clippings taken from these pastures every 28 days.

For the 3-year perioﬁ the production, on the daily basts, was less
for pasture 2 than for either pasture 8 or 8, and pasture 6 produced
the most. For all pastures, production was greatest in 1941 and for
the most part was lowest in 1940. TFor all pastures also, the 1940
production was about half as great ns that for 1941,

MAINTENANCE OF LIvE WEIGHT

Owing to individuality of the steers or miscaleulations on the part
of the experimenters in estimating the carrying capacity of the pas-
tures, or botly, it was not possible to maintain absolute control of the
weights of the animals. Each week varying numbers of stecrs gained
or lost, in weight. The gains of some usunlly offset the losses of others.
When the total of the gains and losses on any pasture resulted in a
net gain for the entire group, oue or move steers were added to the
pastare. On the other hand, when the total of the gains and losses
resulted in & total net loss, one or more steers were removed. How-
ever, us already stated, in the south sections of pastures 2 and 6, where
the number of sieers was held constant, their weights were controlled
by increasing or decreasing the area over which they grazed. Weights
of the steers in dry lot were controlled by increasing or decreasing the
daily ration of freshly cut herbage.

The purpose of these procedures was to control as far as possible
group weights rather than individual weights. However, because of
the varying number of steers in each pasture and methods of conirol,
results per steer are recorded. Thus, for example, from J uly 31 to
August 7, 1841, 14 steers were on pasture 8. On July 31, the weights
of afl steers totaled 13,738 pounds; on August 7, 13,698 pounds.
These represent average steer weights of 981.3 and 978.4 pounds,
respectively. Of these 14 steers, [ made no gain or loss in weight
during the week; 6 made individual gains of 5, 8, 10, 5, 5, and 15
pounds, or & total of 48 pounds; and the remaining 7 steers made
individual losses of 20, 15, 20, 10, 8, 10, and 5 pounds, or a tofal of
88 pounds. 'The group therefore made a nef loss of 40 pounds, which
was 2.9 pounds per sbecr.

Table 5 shows the avernge weights, at various times, of the six steers
in the south sections of each of pastures 2 and 6 and of the six steers
in dry lot. The 3-day average mitial and final weights for each year
and for the 3 years agreed within reasonable limits. — In two instances
they agreed within 7.pound, only three groups exceeded 30 pounds,
and in only one instance was the difference as much as 51 pounds.

Tor the six steers in the south sections of pastures 2 and 6, the
greatest difference between the average weight throughout the grazing
season and the initial weight occurred in 1939, the first year of the
experiment. 'This is attributed to the lack of experience Ey those in

£30306°—$5—2
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TABLE 5.—dverage weights of sleers in the south sections of each of pasture 2 and 6
and of sleers in dry lot

PASTURE 2

Averago
hicii] 1340 4L -ye o

. Pounds Do Fauads
Avernge 3-dny initinl weight 1, H-j? 472

[ LH5 el
Averape weight during grazing senson 1, - 1,070 983
Differencs botween groziug-sepson and nitiRl welghis 2 +30 413

Averege 3Gy Nnal welpht -

PASTURE G

Average 3-Iay initial weight

Avernge S-day finaf weleht

Average welght durine prazing season L [
Difference between yrazidg-senson end 1n1igl welslits 3

DRY LOT

Averege 3-day initisl weight K o2
Averpge 3oy toal weighe______ . 1,011
Avernge wolghl during grozing season . 1,04 082
Diferenec Letween grazing-season and initial w -10

! Weighted averngo.
1 +indicates gain; —, loss.

charge in estimating the weck-to-week carrying capacity of the
pastures to the preeision necessary in this experiment. As experience
was gained, greater control of live weight of the steers was obtained.

The average weights throughout the grazing season in relation to
the initial weights ave, however, more important. Of the nine
average weights during the grazing season (table 5) for the 8 years,
five exceeded the initial weights, three were lower, and one was the
same. For the steers in dry lot the average weights throughount
the grazing season and the nitial weights were remarkably close,
the former weights being only 0.3 percent loss than the latter. In
pastures 2 and 6 the 3-year average weights during the grezing
season were 2.9 and 3,3 percent greater, vespectively, than the average
mitial weights. It is evident, therefore, that the three six-steer
groups were beld within reasonable limits of maintenance weights,

Figure 2 shows the weel-by-week average fluctuation in weight
throughout the three grazing seasons.  As the first 5 weeks of 1939 and
the last 2 weeks of 1939 and 1941 had no corresponding data for the
other years, they were not included in this figure. The average

er-steer weights for pastures 2 and 6 fluctuated almost in parsliel
Enes throughout the scasons. The steers in dry lot, on the other
hand, had a more irregular weck-by-weelk variation in weight but
there was no pronounced seasonal influence. lrom figure 2 and
table 5 it is evident that the weights of steers were more easily kept
at about maintenance level by hand-feeding than by controlling the
arce over which they were permitted to graze.

Inasmuch as adding or removing one or more steers on the north
sections of pastures 2 and 6 and on the entire pasture 8 changed the
3-dey average initial weight of the group, a com parison of the average
initial weights, final weights, and weights during grazing could not be
made, as was done when the number of steers was held constant, Tn-
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F1aune 2.—Average weekly per steer weight of the three six-steer groups during
the experiment.
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stead, in the studies involving the entire pastures, the average weekly
changes in weight per steer were obtained. The data on these weights
are recorded in table 6.

From this table it is evident that during 1939 all three pastures were
slightly undergrazed ¢ as there was a net gain in weight per steer.
During 1940, pasture 2 was slightly undergrazed, whereas pasture 6
and especially pasture 8 were somewhat overgrazed as in these pas-
tures there was u net loss in weight, The nearest approach to hold-
ing the steers at maintenance weight was in 1941, when only a minor
net loss was sustained by the steers in cach pasture. The pastures
were slightly overgrazed, therefore, during 1941, Over the 3-year
period pasture 2 was slightly undergrazed, whereas pastures 6 and 8

TanLe 6.—CGains or losses in weight 3:5 sleer during the 8 years on pastures 2, 0,
a 8

Length of e eattle—
Yearly gain
, {47 ar loss
Cnined Last {—)inwelght
woight weight

Weeks Weeks Pounds
143 +34.8
+14Q.

7
17 —%3

49 -+37.49
+35. 4
C =309
—lud

—~i5.9
+1L1

—63.10
—b.6

Tolal 0T BVErage. . aa._an —63. 5

* In this study a pastura was considered to be undergrazed when the steers msde o et gain in live welght
and overgrazed when they made 6 oet loss io live weight.
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were overgrazed. Table 6 shows further that for the 3-year period
weights of the steers on pasture 6 were more nearly maintained than
those of the steers on pasturc 2 or pasture §. '

In spite of the gains or losses in weight per steer, it is considerced
that the animals were held reasonably close to maintenance; for a
difference of 10 pounds in weight represents only 1.009 percent of the
average initial weight of all steers over the 3~year period. Diflerences,
therefoie, up to 20 pounds come within 2-percent effective control of
weight. In fleld experiments 2 percent is considered very good con-
trol. Asshown in figure 3, in 220 of the total of 277 wecks—93 weeks

50

r
a

"
]

FERIOD OF GAIN OR LO$S (WEEKS)
o

.60 70 -0 50 -30 -30 1D 20 30 40 6O 6O
LOSS PER STEER (POUNDS} GAIN PER STEER [FOUNC'S)
Fieure 3.—Distribution of average weekly pains or losses per stoer in the 377

weeks of grazing during the experiment on pastures 2, 6, and 8 (distribution &t
S-pound intervals).

for each of pastures 6 and 8 and 91 weeks for pastare 2—the diffcrences
m weight were 20 pounds or less. This represents control of weight
within 2 percent during 83 percent of the 3-year period. The
weighted-average control is 1.6 percent.

It is evident, therefore, that weights of mature steers can be effec-
tively countrolled by the methods used in this experiment.

CARRYING CAPACITY OF PAsSTURES

The acreages necessary to hold the six steers at maintenance weights
in the south sections ol each of pastures 2 and 6 for the grazing period
used in this experiment are shown in table 7. When the earrying-
capacity averages {for the south section of each of the two pastures are
converted info number of acres per 1,000 pounds of live weight of the
animals earried, the results are 0.57 and 0.50 acre, respectively.

Figure 4 shows in graphic form the average acreage occupied by
these steers during thie 3-year period. The fact that late in the
gummer the south section of pasture 2 had a greater carrying capacity,
and that as a result less of its aren was occupied by the six steers than
of the south scction of pasture 6, is attributed to the rapid invasion
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of carpet grass in pasture 2 during 1940 and 1941, This grass has a
high carrying capacity late in the summer. Pasture 6 had only small
areas of this grass, as shown in table 2.

Table 8 gives the daily carrying capacity in pounds of steer weight
per acre for each year and for the 3-year period, for pastures 2, 6, and
8. When the carrying-copacity averages for each of these pastures
are converted inte number of acres per 1,000 pounds of live weight of
the animals carried, 1t is found that 0.55, 0.49, and 0.60 acre, respee-
tively, are necessary Lo bold ¢he stecrs ab maintenanes weights,

S5

50

4.5

40

cPASTURE 6

T
L
r
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f
t
i
§
!
¥
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¥
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- ot

ACRES (NUMBER)

N SRR U TN TN TN AT TN TN AN O T N SO S T
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FiouRE 4.—Average soreage cceupicd by the G-stecr groups in the south seclions
of eoch of pastures 2 and 6, during the experiment.

[

Tanus 7-—sdcreages required {o hold six sleers af maintenance weighls in the south
sections of cech of pastures 2 and 6

1
sAcres

Aeres
L1 VO,

i
Year b Tastare 2 [ asture 6

B-FORT AVOIBEL . oo vacsc e cmasinmmnaomnnras . 'Ami

Panne 8—Dadly curiying capacity of pastures 2, 8, and 8 tn terms of steer weight
per acre supparied by eulire area of each pasiure

Yeor J Pasture 2 Pasturo & Pasture §

LPaumids Pounds

10508
1,958

J-year averegol ..-......._._._._A........._.___-.1 3 P 1, 863

t Welghted average,
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The differences in earrying eapacity of the pastures asre actually
‘greater than given in table 8, for it is shown in table 8 that during the
3-yesr period pasture 2, with a net gain of 37.9 pounds per steer, was
undergrazed and pastures 6 and 8, with net losses of 15.9 and 83.5
pounds, respectively, were overgrazed. On the basis that a 10-
pound difference in weights of steers is equivalent to l-percent con-
trol of weight, as already indicated, pasture 2 should have carried 3.79
percent more weight and pastures 6 and 8, 1.59 and 6.35 percent, re-
spectively, less weight. During the 3-year period, therefore, pasture
2 should have supported 68 more pounds daily to the acre; pasture
6, 32 pounds less; and pasture 8, 105 pounds less. The corrected
3-year average daily carrying capacity per acre would then be 1,866
pounds for pasture 2, 1,990 for pasture 6, and 1,545 for pasture 8.

‘"The greater carrying capacity of pasture 6 over pastures 2 and 8
agrees with the results obtained by the agronomic method (table 4)
in determining the productiveness of these pastures. With pastures
2 and 8, however, the two methods gave different results. Measured
by carrying capacity, pasture 2 is superior to pasture 8 by 9.0 per-
cent and by 17.2 percent when the dats are corrected for undergraz-
ing of pasture 2 and overgrazing of pasture 8. On the othér hand,
by the agronomic method pasture 2 produced 3.9 percent less green
herbage daily than pasture 8.

The week-by-week fluctuation in carrying eapacity in pastures 2,
6, and 8 is shown in figure 5. The seasonnf trend is clearly evident.
The May decline is due to the rapidly disappesring clovers and the
decreased rate of growth of the grasses as a result of low average
- rainfall during this month. As a result of rains late in June and July
and the consequent renewed growth of cover and the Increased den-
sity of Bermuda grass and other grasses, the earrying capacity in-
creased. During August the three pastures were more alike in cover
and carrying capacity than at any other time of the year. Fall rains
and the heading-out of the grasses in early September again brought
about a slight increase in carrying eapacity, but it quickly decreased
with the aimost complete cessation of growth late in September and

2600

2,400

2200

WEIGHT

& 2000
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b
= 1,800

o
© 1,600

1,400
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1,200

[OOG]l!llullri!lllttlirl|1ill]vt1
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Figure §.—Average carrying capacily per mere of pastures 2, 6, and 8§ during the
experiments,
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early in October. The greatest differences in carrying capacity be-
tween the pastures occurred when the environmental factors favored
rapid growth of the cover. During the periods of less favorable
growth the carrying capacities of the three pastures were more nearly
equalized. The rate of grazing necessary to maintain the weights of
the steers produced a very short cover. In appearance, the pastures
approximated well-kept lawns.

NurrrrionsL REQUIREMENTS OF THE ANIMALS

Table 9 gives the average daily consumption of herbage and total
digestible nutrients per 1,000 pounds of live weight, by weeks, for
the steers in dry lot. As the ration was changed almost weekly to
correct for increases or decreases in live weight or because of change
in area from which tlhe herbage was cut, there was no sensonal trend
in consumption of herbage. 1In total digestible nutrients consumed,
there was 2 slight seasonal upward trend toward the end of the graz-
ing season. Tiis was due to the marked change in the composifion
of the herbage during the fall months, as shown in tuble 3.

Table 10 shows the 3-year aversge daily consumption of herbage,
dry matter, digestible protein, and total digestible nutrients per 1,000
pounds of live weight for the steers in dry lot. The 3-year average
of 8.77 pounds of total digestible nutrients per 1,000 pounds of live
weight obtained in this study agrees remarkably well with the theo-
retical maintenance requirement of 7 to 7.93 pounds given by Mor-
rison (8) as the feeding standard value for a 1,000-pound dry cow
plus 25 percent for the “activity factor.” Such close agreement be-
tween the observed and the feeding-standard values indicates that a
large experimental error was not introduced.

As pointed out earlier, the weights of the steers on pasture and in
dry lot were held, within reasonnble limits, at maintenance. To
determine whethier there was any marked difference in the activity of
the two groups, 3-day observations for 12-hour daylight periods ol the
steers ot pasture $ and in dry lot were made. These observations

TapLi 0.—Average daily consumption per 1,000 pounds of live weight of freshly cul
herbage and total digestible nutrients, by weeks, for sleers tn dry lot

Toial Totnl
Month Woeek No. | Herbape { dipestible Month Week No. | Herbage | dicestible
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TaBLE 10.—Daily consumplion of herbage, dry matler, digestible prolein, and iolal
digesttble nutrients per 1,000 pounds of live weight of sieers in dry lot

. Tatal
Digestible P
Yenr Herbage Dry matter " dizestibla
nrotein nutricnts
Loty FPounds Pounds Poundy
L P 40,3 14,15 1,34 8.95
LD e e et imenn i5l.9 13,18 LG 8. 85
L N P al. 9 12, 70 .48 .42
AVETBEC | ioe oo e 4T 13.02 i 117 1 877

' Welshited average.

included time spent by the animals in grazing or at the feed trough,
lying down, and standing. Ten stecrs in pasture 8 spent 59.8 percent
of the daylight hours in grazing, 24.3 percent in lying down, and 15.7
percent in standing. The six steers in dry lot spenf 27.9 percent at
the feed trough, 12.9 percent in lying down, and 59.1 percent in stand-
mg. Although the steers in dry lot had 6 acres of fallow ground over
which to roam, they moved about very littie and could be found,
usually standing, at one end ar the other of the dry lot.  The activity
of the steers in dry lot, therclore, was apparently somewhat less than
that of the steers on pasture.

As has aiso been pointed out, nutritional requirements varied with
individual steers, Seme steers maintained their weights without
difficulty, whereas others on the same pasture lost much weight. In
the 3 yens of the experiment, two steers were removed because they
could not maintain their weights except on pastuves that would mate-
rially increase the weights of others. ~ As a group, however, the steers
on pastures 2, 6, and 8 shed their winter coats and maintained a gen-
erally healthy condition throughout the various seasons. The steers
in dry lot, however, each year shed their winter coats later than the
steers on pasture and had poorer coats of hair throughout the scasons.
All steers finished the grazing season with trim middles, a fact which
indicated little fill. 1t was several months alter going into winter
quarkers before most of them acquired a fill normal to that of mature
steers with ample roughage available.

Propuctive CapaciTY OF THE PASTURES

The results obtained with the group in dry let were used in deter-
mining the daily production of pastures 2, 6, and 8, in terms of forage
and tofal digestible nutrients per acre. The latter was computed by
muitiplying the total digestible nutrients given in table 9 by the
number of 1,000 pounds of live weight of animals per acre maintained
on each pasture Tov the corresponding weeks. These data are shown
in graphie form in figure 6.

As shown by figure 6 the within-season variation in daily produec-
tion of total digestible nutrients per acre closely corresponds to the
within-season variation of carrying capacity for each pasture (fig. 5),
but it also shows a definite seasonsl trend upward in production from
the early spring months through the summer, after which production
drops ofl rapidly, not to return until the following spring.

Table 11 presents a summary of the productive capacity of pastures
2, 6, and 8 based on the animal-requirement and agronomic methods
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Fisure 6.—Computed daily production of fotal digesiibl2 nutrienls per acre on
pastures 2, 6, and 8, by weeks, during the experiment.

TasLr 11-—Comparison of produciivily of pastyres 2, 8, and § compuled by method
A {controlled feeding in dry lot) and method B {periedic pusture clippings)
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of determining yield. In the data obtained during the experiment the
greater productive capacity of pasture § than of pastures 2 and 8 is
consistent throughout the 3-year period whether based on carrying
capacity, herbage yield, or total digestible nutrients per acre deter-
mined from controlled feeding or from pasture clippings.

There are, however, wide differences between herbage yield for each
pasture as determined by methods A and B in table 11, The seasonal
yields per acre computed from pasture clippings in the agronomic
method {(method B) are considerably greater than the yields computed
from observed animal requirements {method A). “The differences
varied from 30.8 percent for pasture 2 to 48.3 percent for pasture 8.
These differences are further widened when corrections arec made for
undergrazing and overgrazing. These findings verity those of other
workers {4, 0, 7) that herbage yields computed {from periodic clippings
frequently exceed by 40 percent the yields computed from observed
animal requirements.

In the present experiment pasture 2 was superior to pasturc 8 in
carrying capacity with mature steers at maintenance. This reverses
the results obtained in the previous 6-year experiment (2), when
production was menasured in steer gains per acre.  An explanation for
this reversal cannot be found in the 1939 to 1941 herbage yield obtained
by the agronomic method because pasture 8 produced slightly more
herbage than pasture 2. An explanation may be found in the botanical
composition of pastures 2 and 8, as shown in table 2. The rapid
invasion of carpet grass in pasture 2 to comprise, by the fall of 1941,
more than 80 percent of the species in contrast to only 10 percent
for pasturc 8, 1s o possible explanation. The low-growing, creeping
nature of this grass, forming a very dense sward when closely grazed,
apparently caused the experimenters to underestimate its carrying
capacity and also made it difficult to obtain clippings. As chemien
analyses of the clippings from pasture § were not made, a comparison
of the nutritional valuc of the herbage from this pasture with that from
pasture 2 is not available as a possible explanation for the observed
diflerences.

In this experiment the animal-requirement method of determining
productivity proved to be more accurate than the agronomic method,
because it 1s based on (1) the observed requirements as determined
from controlled feeding and (2) the observed carrying capacity.
The animal-requirement method, moreover, agrees closely with the
established feeding-standard normals. The agronomic method, on
the other hand, is based solely on pasture clippings obtained from
four 4- by 4-foot sample areas in each of the 6-aere pastures. Any
errors in obtaining the samples, therefore, are multiplied when
converted to the acre basis.

As the requirements for total digestible nutrients for mature steers
at economic maintenance, oblained in this experiment from observed
consumption in dry lot, are within the theoretical requirements for
physiologic maintenance of the feeding standards plus 25 percent for
the activity factor, the use of theoretical requirements in computing
total digestible nutrients produced in pasture experiments would not
normelly involve experimental errors as large as those computed from
pasture clippings,

The fact that corrections can be made for undergrazing and over-
grazing when the live weights of mature animals are held at main-
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tenance is an advantage that is uot possible in pasture experiments in
which productivity is measured from maximum steer gains. It is
assumed in the latter type of experiment that the two or more pastures
compared are all grazed at an equal rate. It is evident from the
present experiment how diflicult this is to accompiish in faet.

SUMMARY AND CONCLUSIONS

The experiment reported in this bulletin was designed to develop a
procedure for evaluating the productiveness of pastures that would
reduce the experimental errors inherent in current procedures, especially
the computation of yields from periodic clippings of protected herbage
and by the reverse use of feeding standards applie(Fto animal gains.

In this experiment, conducted ab the Iberin Livestock Experiment
Farm, Jeanerette, La., during the grazing seasons of 1939, 1940, and
1941, three pastures, the productiveness of which had previously been
determined, were used. KFor purposes of comparison, pasture clippings
were obtained from these pastures by the usual techoique every 28
days. Chemical analyses of the samples from two of the pastures were
made. Mature steers were placed on the pastures, and the rate of
grazing was controlled in & manner caleulated merely to maintain the
weights of the animals.

By feeding freshly cut pasture grasses and clovers daily to mature
steers it dry lot at a rate calculated to maintain their weights, informa-
tion was obtained on the nutritional requirements for maintenance
of maturec steers on pasture. The acreage requirements for this pur-
pose were obtained by adjusting, at weckly intervals, (1) the arcas
on which two groups of six steers each were permitted to graze and
(2) the number of steers on the pastures.

It was found that the weights of the steers could be maintained,
within reasonable limits, by these methads, For the steers on adjusted
pasture areas, the 3-year mean woighls throughout the grazing segson
differed from the 3-year average initial weights by onTy 2.9 percent
on pasture 2 and 3.3 percent on pasture 6. For the steers in dry lot,
the difference was only 0.3 pereent,  In the 277 group weighings, the
weekly weights per stecr were controlled within 1.6 percent of their
average initial weights. The sum of the weekly gains and losses in
weight resulted, during the 8-year period, in a net gain of 37.9 pounds
per steer in pasture 2 and net losses of 15.9 and 63.5 pounds per steer
1 pastures 6 and 8, respectively. These results indicated, therefore,
that pasture 2 was undergrazed and pastures 6 and 8 were overgrazed,

The observed carrying capacity was 1,798 pounds of animal weight
per acre on pasture 2, 2,022 pounds on pasturc 6, and 1,650 pounds
on pasture 8. Corrected for undergrazing and overgrazing, the carry-
ing capacity was 1,866 pounds per acre on pasture 2, 1,990 pounds on
pasture 6, and 1,545 pounds on pasture 8.

The steers in dry lot consumed 49.7 pounds of herbage daily per
1,000 pounds of live weight. By the use of Morrison’s digestibility
coefficients (8), this amount of herbage, containimg 13.02 pounds of
dry matter, was found to furnish 1.17 pounds of digestible protein and
8.77 pounds of total digestible nutrients. This value is within the
range of the theoretical requirements of American feeding standards
for the maintenance of & 1,000-pound dry cow plus 25 percent for
the *‘activity factor.”
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From computations based on the forage consumption in dry lot,
it was found, after making corrections for undergrazing and over-
grazing, that pastures 2, 6, and 8 produced an average of 19,661,
21,461, and 16,662 pounds, respectively, of herbage to the acre per
groazing season, These figures represent daily yields of 92.7, 98.9, and
76.8 pounds of herbage per acre and are equivalent to daily produe-
tion of 16.36, 17.45, and 13.54 pounds of total digestible nutrients
per acre,

On the basis of pasture clippin s, the computed seasonal yields were
24,779, 31,048, and 26,382 pounﬁs of green herbage per acre for pas-
tures 2, 6, and 8, respectively. Thesc figures are 26.0, 447, and 58.3
percent greater than those computed from observed consumption by
steers in dry lot. Therefore, herbage yields computed from ohserved
consumption in dry lot and.carrying capacity of pastures result in a
truer evaluation of the productiveness than those computed from
pasture clippings,

"The chemical analyses indicated that the steers on pasture consumed
herbage of about the same nutritive value as thab copsumed by the
steers in dry lot.

It is concluded, from the results of this experiment, that productive-
ness of pastures may be computed on the animal-requirement basis,
earrying capacity of the pasture, and the chemical analyses of pasture
clippings, without introducing large experimental errors.

Considerably more attention and skill en the part of experimenters
are required to keep, at maintenance level, the wei ghts of experimental
animals on pasture than te obtain maximum steer gains. This
disadvantage is offset, however, by the ability to correct for under-
grazing and overgrazing by the former method.
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