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‘Permanent Pasture Compared with a
5-Year Crop-and-Pasture Rotation for
Dairy Cattle Feed'

By I. B, Snsenesp R, B. Bry,® C. 1. Gonnox, and C. G, M ELiN, Dairy Husbandry
Research Branch; and R. 1. Waoner and M. A. TN, Field Crops Research
Branch, Agriculiural Research Scrvise

INTRODUCTION

Pastures that provide an sbundance of good grazing are a necessity
on most dairy farms. Properly managed pastures provide in the best
form the feed best suited for dairy ecattle. The exercise of grazing
and the beneficial effect of sunshine help to keep the cattle healthy and
functioming normally. The type of land used for pasture and the
kind of pastare vary considerably with the Toeality and the individual
farm,

Most farms have some land which, because of its topography or
its closeness to barns or streams, or because it is stony or wet, can be
used more advantagecusly for permanent pasture than for tillage.

On land that is suitable for tillage as well as for pasture, the
farmer’s problem is to determine whether he should have part of the
land in permanent pasture and raise harvested crops on the remainder
or whether he shoulid farm all the tillable Lind and depend for pasture
on grass-legume crops grown in rotation with other crops.

There is some evidence that pasture crops of grasses and leeumes
grown in rotation with other crvops will outyield well-managed
permanent pastures of Kentucky bluegrass and white clover. On the
other hand. in regions where Kentucky bluegrass is well adapted, no
other crop 1s surer during favorable growing seasons and noc other
will better withstand tramping snd adverse weather conditions.
Furthermore, there is less likehihood of bloat in pasturing bluegrass.

REVIEW OF LITERATURE

Relatively few studies have heen conducted o compare directly the
production of crop-and-pasture rotations and permanent pastures.
Ahlgren (1) ¥ has vecently prepared a review of studies pertaining
to this subject. Only the more pertinent Iiterature will be cifed here.

Some of the first and most extensive comparisons of crop-and-
pasture rofations and permanent pastures have been made in Great
Britain. In presenting a strong case for ley farming in Great

! Submitted tor publication December 2, 1955.

* Retired May 31,1953, .

* Now with Office of Bxperiment Stations. )

1 Ttalics numbers in parentheses refer to Litevature Cited, p. 32.
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Britain, Stapledon (26), in 1938, stated that even the best permuanent
grass has a shorter growing season than n sequence of good leys.
He also pointed out that leys are much betier adapted to hay and
silage making than ave permanent pastures. )

Roberts and Williams {22) compared a pasture seeded to a mixture
of ryegrasses (Loliwm spp.), ovchavdgvass (Dactylis glomerate
timothy (Phiecum pratense}, voughstallc bluegrass (Pon fra'z'ia?e's%
and red elover (I'vifolivm pratense) with n Y0-year-old permanent
pasture consisting primarily of bentgrass (Agrostis spp.) and velvet-
grass {/loleys lunafus). These pastures were grazed by cattle and
sheep.  Gain in live weight per acre over a S-year period was 35.6
percent higher on the seeded pasture than on the pevmanent pasture.
The supericrity of the seeded pasture did not appear to be diminishing
toward the end of the perviad, and it was found that iambs failed to
thrive some years on the permanent pasture after about the middle of
Aungust,

Heddle (74) veported that tolz] gain in live weight by sheep was
3 times greater on a resceded pasture than on an old permanent pas-
ture over a -year period. The difterence was attributed to the larger
eains made in the ecarly pavt of (he season on the reseeded land and
also to the longer growing season,

On the basis of studies conducted in varions locations in Bngland,
Davies and Willinms (/1) stated that it would appear that the ountput
of four-fitths of their permanent pastures would be increased by well
over 50 percent by plowing and resecding.  BEllison (72) made a
3-year comparison between gains of yearling wether lambs grazing
on resceded aveas and on natural pasture on open hill land. The
aain per head during the period was 50 to 60 percent greafer on the
veseeded land fhan on the natural, wnimproved grassiand herbage,
and the gain per acre was 10 times greatfer.

Dallas and Bollen (9) found that over a 5-year period leys earried
80 percent more stock than permanent pasture and produced 55
percent more gain. From a consideration of various studies con-
ducted in England, Davies (70) concInded that, at least during the
Arst three seasons, leys will vield more than well-managed old grass-
Tand. He pointed ont that the gain from the ley 1s abouf 18 percent
more than Trom first-class old grasslands but 15 over 50 percent more
than from average or moderafe grassiands.

Pollitt (27) siudied the effect of age on the yielding capacity of
soeded pasture. He reporled a decrense in yield of dry matfer,
albuminoids, and eavotenc as a sward grows older. This deterioratinn
appears to be at its maximum rate in ahout the fowrth year. MHis
results show that yield appeavs to approach a more or less cons{ant
level by the seventh yeur, at & point about {wo-thivds thal of the first
3 vears.

Bates (6) conducted studies to defermine the canse of deferioration
in leys and also the reasons why a new fey usually is more productive
than the permanent pasture that preceded it. Of the several factors
responsible for reduction in yields, Bates lists the primary cause as
the accnmulation of a mat of dead root material below the soil surface
and an increase in the number of tillers. He stated that the sward
becormes choked. and the condition resembles that of & pothound plant.
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Gorton (13) reported that, on irrigated land in eastern Oregon,
permanent bluegrass {(Poc pratensis) pasture produced 152 animal-
wnit days of grazing per acre as compared with 246 for pasture seeded
to tame grasses. I—]%gh yields were associated with low costs per unit
day of grazing.

L’Hote (16}, from data collected in Missouri, concluded that
pastures in a crop-and-pasture ratation are substantially more pro-
ductive than permanent pastures.

Bechdel and others (7} reported that, in studies at Montrose, Pu.,
pastures in a crop-and-pasture rotation produced far more grozing
than permanent pastures under favorable fertilization and manage-
ment. Of particular significance was the fact that the pastures in
the rotation produced from 2 to 3 times as much grazing as the perma-
nenf pastures after July, a time when the extra feed was most needed.
During a 3-year period, the field in the votation that was grazed all
season by dairy cows produced 51 percent more total digestible nu-
trients before July 15 than the permanent pasture produced; after
that date it produced 113 percent more, The field that was cut for
hay in June and grazed until September 1 produced 85 percent more
total digestible nutrients in the form of hay before July 15 and 156
percent more grazing after that date. Another point in favoer of
the Ladine clover (Zrifolium repens “Var. Ladino®”)-orchardgrass
combination over the improved permanent pasture was that the crop
harvested from the former contained 13.5 to 17 percent of arude
protein as compared with 11 to 13 percent for the latter.

In Ohio (20), bluegrass-white clover ( Zifolium repens) permanent
pasture provided an average of 41 days of grazing annually over the
d-year period 194042 as compared with over 100 days for a clover-
alfalfa (Medicago sativa)-timethy pasture in a crop-and-pasture
rotation. Both were Jimed and fertilized.

Moran (18) found that abundant grazing of high quality can be
obtained from bluegrass-white clover pastures in the spring and fall,
but little growth is obtained during midsummer. Ladino clover-grass
mixtures responded exceptionally well to fertilizer and, in addition,
maintained higher productivity than bluegrass-white clover during
the het, dry period of July and August.

Studies conducted by %an ITorn and Dawson {22) from 1943 to
1046, inclusive, showed that unfertilized Lluegrass pasture produced
an average of 1,040 pounds per acre of total digestible nutrients as
compared with 1,478 pounds for fertilized bluegrass and 1,783 pounds
where bluegrass sod was plowed, fertilized, and seeded to ovchard-
grass, bluegrass, and clover. On land that had been in field crops for
several years, an orchardgrass-Ladine clover pasture furnished an
average of 3,160 pounds of total digestible nutrients per acre

One of the most comprehensive studies in the United States com-
paring pastures in a crop-and-pasture rotation with permanent pas-
tures was conducted by Ahlgren and others {2) at Wisconsin during
the period 194449 inclusive. Comparisons were made of (a) per-
manent bluegrass pasture, (b} renovated bluegrass pasture, (c) Llue-
grass pasture in rotation with corn and oats, and (d) a mixture of
smooth bromegrass (Bromus énermis) and alfalfa in rotation with
corn and oats. The rotations consisted of a year of corn, a year of
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oats, and & years of grazing. The bromegrass-alfalfa pasture in the
rotation was most productive, It produced substantially more pas-
turage during the 4-year period 194649, inclusive, than the perma-
nent, pasture produced during the entire G-year period of grazing.
The bluegrass pasture in the rotation and the renovated bluegrass
pusture produced about as much grazing in 4 years as the permanent
bluegrass pasture produced in ¢ years. ln addition to the pasturage,
the rotations produced un average of 17.4 tons of corn silage and
64.2 bushels of oats per acre in 1944 and 19435, vespectively.

OBJECTIVES AND SCOPE OF THE BELTSVILLE
EXPERIMENY

The objectives of this experiment were (&) to measure the natuve,
. guantity, and distvibution of the nutrients provided for dairy-cattle
feed by an improved Kentucky bluegrass-white clover pasture as com-
paved with a $-year crop-and-pasture rotation consisting of 1 year of
corn, 1 year of wheat, and 8 years of a seeded mixture of orchardgrass,
Ladino clover, and red clover; and (b} to determine the relative cost
of producing nutrients by the 2 systems.

‘Ihe experiment was started in 1944 Beginning in 1946, the 5-year
volation was in full operation. At thig time the experiment was ex-
panded to include a comparison of smooth bromegrass with ovchard-
arass by seeding the former instead of the latter in the grass-legume
mixture on one-half of cach field.

Six d-acre ficlds were used. They were each approximately 700
feet Jong and 230 feet wide, located side by side ln one coninuous
tract. The arrangement of the fields and the sequence of crops in the
rotation arve shown in table 1.

The permanent pasture (check) was used only for grazing. The
corn crop (first year of the rotation) was made into silage. The
wheat (second year of the rotation) was used as grain for feed and
straw for bedding. The seeded grass-legume mixture provided fall
grazing following the wheat harvest in the second year of the rotation,
arazing only the third year, two crops of hay and fall grazing the
fourth vear, and early spring grazing followed by one hay crop and
grazing to n Jate date the fifth year. The results reported here are for
the 5-year period 1946-50, inclusive.

The fields were on level to slightly sloping land. The soil was
principally Sassafrassilt loam of only medium natural fertility. There
were some slight differences between plots in topography, soil types,
and natural soil fertility. Soil fertility was highest in field A, de-
creasing slightly but progressively in the order of fields B, C, D, E,
and F. Previous grazing experience indicated that field C, used for the
permanent pasture, was about equal in ferfilify to the average of the
other five fields.

All the fields were in permanent Kentucky bluegrass-white clover
pasture during the 14-year period, 1920-43. Before 1929 they were
cropped with a corn-oats-alfalfs rotation. The soil had been limed
as needed for alfaifa and the grass crops. Barnyard munure and
commercial fertilizers had been used in moderate quantities.




TasLe L—Arrangement of the experimental fields and sequence of crops in the crop-and-pasture rotation, Beltsville,
Md., 1946-50 :

Year

Field A

Field B

Field C (check)

Field D

Field E

Field F

1946_ .
1947 __
1948_ . _

1049___{
1950 - -

Wheat, fall pas- |
ture.

Pasture only

KEay, hay, pasture.

Pasture, hay, pas-
ture,

Pasture only

Hay, hay, pasture.

Pasture, hay, pas-
ture.

Corn. ool

Wheat, fall pas-
ture.

Permanent  pas-

Hay, hay, pasture.

Pasture, hay, pas-
ture. :

Wheat, fall pas-
ture.
Pasture only

Pasture, hay, pas-

. Wheat, fall pas-
ture.
Pasture only

Hay, hay, pasture.

Corn.

Wheat, fall pasture.
Pasture only.

Hay, hay, pasture.

Pasture, hay, pas-
ture.

NOILVIOY dAVIX-¢ HLIM dIIVANO0D HIANISVd {LNINVINIEd
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EXPERIMENTAL METHODS
Tillage, Seeding, and Fertilizing

The pasture sod was plowed in Jate fall or early winter for corn.
The corn was spaced 10 to 14 inches in rows 42 inches apurt. The corn
ground was disked for winter wheat. The wheat was seeded with a
grain drill. Guass seed was broadeast in the wheat shortly after it was
seeded, and then cultipacked. The legumes were broadeast in the
wheat the following spring, usually in late February or early Mareh,
while the ground was still freczing and thawing.

The seeding rates per acre were: Hybrid corn (U. S. No. 13}, 8 to
10 pounds; wheat {Ieapland), 60 pounds; orchardgrass, 8 pounds:
smooth bromegrass, 10 pounds; Ladine clover, 2 pounds; and mediunm
red clover (Kenland), 3 pounds.

The pH of the soil was determined, and all ficlds had a pIT sufliciently
high for grasses and legumes (6.3 to 6.6) except field F.  Ground lime-
stone was applied to this field at the vate of 1 ton per acre.

Well-rotted barnyard manure was applied to the permanent pastare
at the rate of 10 tons per acre in the winter of 194748, It was applied
ab the same rate to pasture sod in the crop-and-pasture rotation shortly
before it was plowed for corn.

Commercial fertilizer, 0-14-14, or 0-14-7, was applied to the
permanent pasture at the rate of 400 pounds per acrein the fall of 1945
and again in the fall of 1949. Tt was applied at the same rate to the
corn ground just before the ground was disked for wheat. Another
400 pounds per acre was applied to the grass-legume sod in the fali
prior to the [ifth year of the crop-and-pasture votation.

Harvesting, Grazing, and Pasture Management

The corn grown was rich in grain. Tt was cut for silage when the
kernels were at a. “dough to glazing” stage. A field forage chopper,
dump trucks, and a stationary forage blower were used. The silage
was steved in a conventional tower silo.

The wheat was cub with a 6-foot grain binder and threshed from the
shoclt. The straw was baled at threshing time.

The grass-legumes in the crop-and-pasture rotation were cut for
hay when the grass was at an early to medinm hay stage. The hay
wus either ﬁelc% cured and field baled or partly field cured and then
field baled and barn dried with forced air.

The permanent pasture was divided into two 2-acre fields. They
were grazed alternately in April and May to make better use of the
lush early season growth. The division gate was then left open and
both fields were grazed continuously the remainder of the season.
Grazing was started in the spring when the bluegrass had attained a
height of 4 inches, and it was continued in the fall as late as practical,
depending on the season.

The grass-legumes in the crop-and-pasture rotation were grazed 10-
tationally. Grazing was not started in the spring until the herbage
had attained & minimum height of 8 to 10 inches. Enough dairy cows
were used to graze this herbage down to a height of 2 to 4 inches in
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10 days to 2 weeks. The pastuves in the fifth year of the rotation
were grazed ahead of the pastures in the third year of the rotation,
and those in the fifth year were also saved for grazing as late in the fall
as possible.

All pastures were clipped following grazing, when necessary to cut
off uneaten grass clumps, with a 7-foot power mower with the cutter
bar set high. The permanent pasture was harrowed once each fall
with a spike-tooth harrow to scatter cow droppings.

The Grazing Cows and Supplemental Feedirg

Jersey, ITolstein, and crossbred cows of pure dairy breeds wers used
for grazing. During the peak seuson of grass growth it was necessary
to use cows in various stages of lactation and also some dry cows.
No cows were used within 80 dnys after freshening or within 60 days
of calving. The cows were grouped to obtain as good a balance as
possible between the permanent pasture and the pastures in the crop-
and-pasture rotation with regard to breed, live weight, stage of lac-
tation, stage of gestation, and milk production. The cows were not
switched from one type of pasture to another.

The cows were fe& all the medium quality grass-legume hay or
U. S. No. 2 alfalfa hay they would eat in the barn at milking time.
This helped to prevent bloat, and also helped to prevent overgrazing
of pastures and an undue milk slump when grazing was not too
abundant.

A low-protein grain mixture was fed at the rate of 1 pound daily
for each 3.5 pounds of 4-percent fat-corrected millk produced in order
to maintain 2 high level of summer milk production and keep the cows
producing sufliciently for fall and winter feeding experiments.

Evaluating the Grazed and Harvested Forages

The relative abundance and proximate analysis of the forage avail-
able for grazing was determined on the permanent, pasture with forage
clipped by hand at intervals throughout the summer from small areas
(¢ x 4 x 18"} protected by wire cages, and on the grass-legumes
in the crop-and-pasture rvotation with forage from measured
(88" x 30”) randomly located strips cut with » small sicklebar power
mower just prior to each grazing.

Samples of the forage from five cages or strips from euach field were
used for each determination. All the forage cut from each cage or
strip was weighed, and representative samples were taken for deter-
mination of dry matter and proximate chemical analysis. These sam-
ples were dried down to an air-dry condition in 4 hours and to a
moisture-free condition in 20 to 28 hows, using foreed air heated to
160° F.

The harvested crops were sampled as stored. The samples were
weighed and dried as indicated above for dry-matter determination
and proximate chemical analysis.

The proximate chemical analyses of the forages were made accord-
ing to methods published by the Association of Official Agricaltural
Chemists (5).

372315—H0—2
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The botanical composition and density of the sward of the pastures
was determined each fall after grazing was completed. Plant popu-
Jation counts were made on 1ephc1ted randomly selected areas with
& 10-point quadrat.

Calculating Yields of Total Digestible Nutrients

The yields of total digestibia nutrients (TN, as measured by graz-
ing, were determined hy {1) calculating the TDN requirements of the
grazing cows, (_.% subtracting the TDN consumed in supplemental
feed, and (3) crediting the diiference to the pasture. This ig substan-
tially the methord recommended by the Joint Pasture Committee (4).

The average live weight of each cow was determined from weights
obtained on 3 conseul[we days at the beginning of each Q\]_)(!lll'l’l{!lltdl
peuod on the pasturesin the erop-and- pll‘-‘,tme 10[.111011, and her gainor
loss in weight was determined front weights ohtained on 8 consceutive
days ab (he end of encly period. Cows grazing continnously on the per-
manent pasture were weighed on 3 consecutive days at the beginning of

ench month.

The miik produced was weighed at each milking. Tvery 10 days a
composite of aliquot sumples ot milk from 4 consecutive mil kings was
tested for burterfat rontent by the Rabcock test.

Al supplemental feeds fed and any refusals were weighed. The
dry-matter content and the proximate chemieal analysis of the feeds
fed and of the weighbacks were determined from samples taken peri-
odically.

The TN content of the supplemental feeds was based on their prox-
imate chemical analysis and on Morrisen’s estimates of the digesti-
hility of stmilar feeds (79). The TDN requirements of the grazing
animals for maintenanee and for mill production were based on the
average of Morrison’s standards for dairy cows (79). The TDXN re-
quncments for change in Tive weight recommended by Knoft, Flodg-
son, and Ellington (15) were nsed—namely, +3.53 pounds for cach
pound of gain and —2.73 pounds for ench pound of loss.

The TDN content of the green corn harvested for stlage and that of
the wheat grain were enlenlated from their dry-matter content and
their pr oximate chemicn] analysis compared with the proximate nnaly-
ses of similar feeds and their digestibility for cattle as shown by
Schneider (25), using (he regression coellicients for enttle proposed
by Schneider and othets (25).

The TDN content of the grass-legnme hay and that of the green
herbage cut from cages and mower str ips were calculated from their
])10\'1111.110 chemical annlysis, nsing the regression coefficients for eat-
tle proposed by Schneider nud ofhers (24) Tor feeds on which digestion
trial data ave limited or nonexistent.

The TDN content of the harvested forage was caleuluated on the basis
of the crops as stored and also on the basis of the cr ops us fed, using an
arbitrary dednetion as 2 minimum storage logss.  The deduetions made
as storage loss were 15 percent. for corn sila, ge fed out the same season
it was stored, and § percent for hay,
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WEATHER CONDITIONS DURING THE
EXPERIMENT

Monthly mean temperature and rainfall at Beltsville for the period
1946-50 as compared with the 20-year average are shown in table 2,
For the entire 5-year period, temperature and rainfall and general con-
ditions for crop production were perhaps as near average for the local-
ity as could be expected. However, there was considerable variation
in these conditions from year to year.

TasLe 2.—Mean temperature and rainfall, by months, Beltsville, Md.,
1946-50, as compared with the 280-year average

Mean TEMPERATURE

\ A . I - 20-year
Month 1916 1047 19048 1949 1950 average!
°F. °F. *F. ° K °F. R,
January_ ... .. _..__. 33.1 37. 7 25. 2 39. 5 42. 9 34. 3
Fehruary_ . __.._..._._._.__...1 36.5 27. 8 31.8 30. 3 34 9 34.0
Marcho__ L. ___ e 48. 9 36, 3 43, 5 43. 4 37. 8 42, 6
April .. 31. 8 52. 3 63. 3 a0, 2 48. 6 5l 6
May_ . . _. 62. 1 62, 1 62. 8 62. 7 61,0 62, 8
June_ ..o ... G4 1 68. 7 69, 9 69. 8 6. 1 70. 9
July L. 72,7 72. 5 75,2 78.3 72.8 75.0
Auvgust. . ______ . __ 692 75 2 72.8 74 4 72. 0 73 4
September_ . __.._.________. 67. 1 GO, O 61. 0 63, 3 683. 6 66. 5
October. e 57. 6 60. 3 52,6 GO. ¢ 57. 0 o6. 4
November_ _ __.__.________ 47. 2 41,9 47. 9 43. 5 43, 7 45. 3
December______ . ______.._ ! ar. 2 3L 7 35. 8 37. 8 31. 4 35. 2
Yearly average_.__.___ 4.4 520 | 53.6 | 55.2| 529 54.0
PruciricaTion
Inches | Inches | I'nches | Tnches | Inches | Fnches
January . o .. __ 1. 58 3. 74 4. &7 4. H6 2,19 3. 31
Tebruary_ ___ . ..__. 2. 69 .88 1. 3% 370 2,72 2. 42
Mareh ... oL ____ 1. 82 1. 08 4. 35 3 02 3. 46 3. 45
April_ . 1.75 397 226 1. 95 1 58 3. 10
May . 6. 37 4.01 810 4. 81 4. 50 4, 08
June_ . ___._____ 2. 04 7. 34 6. 67 2. 7% 4, 32 3.35
July e 3. 35 3.72 4, 78 3. 68 8, 42 4, 40
Angust_ . __ . ___________ 4, 110 5. 01 5. 29 3.75 4. 36 4. 82
September. ... . ____ 432 313 2. 67 3.584 | 7.07 3 96
October . _____ . .. 2. 86 1.69 1 3.73 3. 09 3. 16 3. 32
November_ ___.______.____. 1. 21 5. 96 5. Bk 1. 26 3. 58 2 .99
December. __ ________._ . __._ 2.01 1. 48 5. 07 2,14 3. 44 2. 86
Yearly total________. 34. 09 [ 43,41 | A4.62 | 38, 69 | 4791 42. 09

11931--50, inclusive,

The 1946 growing season was considerably drier than average in
April and May and again in June and July. It was unfavorable for
forage-crop production. In 1947, February and March were ex-
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tremely dry and colder than normal, and the growing season started
Iate. However, there was plenty of rain throughout the growing sea-
son with favorable conditions for forage-crop production. In 1948,
there was again an abundance of rain throughout the growing season,
and cropping conditions were genevally good.

The 1949 growing season was again on the dry side and warmer
than usual. Rainfall was below average in April, June, July, and
August, and temperatures were higher than average in June, July,
and August. Crop yields of corn and wheat were reduced by the
weather conditions, and some pastures were rotationally grazed once
less than usnal.

The 1950 prowing season was generally favorable for forage crops.
However, April was very dry, and a period of very hot, drvy weather
occarred the Jast haif of July and the fivst half of August. Forage
growth was adversely aifected on the permanent pasture and the
seeond year of the cvop-mnd-pasture votation (fall grazing following
winter wheat).

RESULTS OF THE COMPARISON BETWEEN THE
PERMANENT PASTURE AND THE 5-YEAR CROP-
AND-PASTURE ROTATION

Botanical Composition of the Ground Cover

The kinds and percentage of forage plants growing on the pastures
are summarized In table 3.

TavLe 3.—Adwerage botanical composition of the ground cover on
Fentucky bluegrass-white clover permanent pasture and on orehard-
grass-Lading clover pastures in o 5-year crop-and-pasture rotation,
Beltsville, M d., 1946-501

Year of the rotation

Poerma-
Ground cover nenb
pasture Seeond Third Fourtly Fifth
Pereent Pereeni Pereend Percent Percent
Kentucky hluegrass___ . . 48.8L2.5/ 0.210.2[ 0. 440 4 0.6:0.5| 7. 0+3. 6
Orchardgrnss. . _. . .._.] L2+ . 7|30. 841§ 38 842 B3 442, 410, 423, 1
Total grass ... ... |30 0£2 731 04 4. 3130. 24 2. B4, 042 447, 442 4
Lading elover..___._ ... . 0 33, 041 TG 224, 0139, 41, 313G, 44+2. 5
Red clover_ . __.___... .- 1] 15.4£0. 5] .64 .2 1.0+ .6 .24 .2
White eloveraao oo __ 174137 0 0 0 0
Total legumes_____. 17, 44:3, 7148, 4 £ 8 4|46 B4 140, 411 I|39. 642 4
Woeeds_ o ooo. 30. 445 715 244 5] 5. 442.6(11.0+3. 41 T.84+£2 8
Bare ground__ .. ______ 224 0 5 4412 5. 043, 4] 4. 62113 5.211.86

! Plant population counts made with u point guadrat caeh full afier the end of
the grazing seasomn.




PERMANENT PASTURE COMPARED WITH 5-YEAR ROTATION 11

The percentage of bare ground was low for all pastures. Lhe perma-
nent pasture was weedier than the pastures in the crop-and-pasture ro-
tation. Both kinds of pasture were weedier in 1949 and 1950 than in
previous years. The weeds on the permanent, pasture consisted largely
of dandelions.

The pastures in the rotation had 2.3 to 2.8 times as many legumes in
the ground cover as did the permanent pasture. At the end of the
second year of the rotation, the young stand was about one-third
orchardgrass, one-thivd Ladino clover, one-sixth red clover, and one-
sixth weeds. There were considerably fewer weeds and Practically no
red clover by the end of the third year,

Ladino clover reached a peak of 46 percent of the ground cover at
the end of the third year of the crop-and-pasture rotation, and orchard-
grass reached a peak of 43 percent the fourth year. Kentucky blue-
grass was present as a trace at the end of the second year of the rota-
tion and as less than 1 percent up to the end of the fourth year, but had
extended its avea to 7 percent of the ground cover at the end of the Afth
year. Total grass gradually increased from 81 to 47 percent. Total
legumes gradually decreased from 48 to 40 percent. The stand con-
tained more legumes than grass at the end of the second and third
years of the rotation and more grass than legumes at the end of the
fourth and fifth years.

The standard errors shown in table 3 and subsequent tables include
variation caused by yearly climatic differences. The standard errors
for each of the means of the various items by years in the erop-and-
pasture rotation also include variation caused by differences in the
natural soil fertility of the five fields used. However, differences be-
tween means of & particular item between years in the crop-and-pasture
rotation do not inelude year-to-year variation or differences caused by
field differences, as each year of the rotation was equally represented
in each calendar year and in each of the five fields.

Yield and Composition of the Green Pasture Herbage
as Grazed

Data on the amount of green pasture herbage available for grazing
(dry-matter basis) and its chemical composition and estimated total
digestible nutrient content are summarized by years in table 4, and by
seagons in appendix table 24, Only the data for the permanent pasture
and for the third year of the crop-and-pasture rotation are for the en-
tire growing season. The data for the second year of the rotation in-
clude the wheat stubble in the young grass-legume seedings.

The yield of dry matter in clipped herbage for the third year of
the rotation averaged 16 percent higher than for the permanent
pasture and exceeded the permanent pasture 4 years out of 5, but the
permanent pasture was higher in 1948 when rainfall was abundant
and well distributed. Dry-matter yields for the fourth and fifth
years of the rotation, with the hay crops included, were lower than for
the third year and exceeded the permanent pasture by only 8 and 4
percent, respectively.

All herbage was relatively high in protein and cnlcium, relatively
low in crude fiber, and contained ample phosphorus. The bluegrass-
white clover herbage from the permanent pasture was slightly lower in




TasLe-4—Average yield and composition of the green pasture herbage as grazed, K. entucky bluegrass-white clover
permanent pasture compared, with orchardgrass-Ladino clover pastures in a 5-year crop-and-pasture rotation,
Beltsvile, Md., 1946-50*

Composition of the dry matter

Dry matter , X | Estirré&ted total digest~
per acre X i itrogen- ible nutrients 2
Protein e%'g'fgt ’ %rl;’g,e free Total Calcium |Phosphorus

extract ash

Pounds Percent . Percent | Percent | Percent | Percent Percent Percent, Pounds
Permanent pasture3_j5, 5504 553. 0]17. 6+ 1. 63. .1{23. 140, 547, 240. 5|8. 340. 1i0. 864 0. 05/0. 38+ 0. 01[70. 3-0. 6{3, 9054-383. 7
“Year of the rota- -

tion:
12, 6204+111. 7{113. 9£1. 2 20, 6 .9[45. 3+ . 88. .4 .834 . .28+ .5 169.14+1. 111,812+ 87.6
6, 444 4 235. 8[18. 8L . 5|3. .1{24. 64 . 8{44. 8+ . 3I8. 1010024 . 05) .32+ .01172.74 . 6i4, 6824164 3
1, 7544+ 240. 2{19. 04 1. 04 . 125, 64 . 9143, 0+ . 7|8. 4 L1 L8444 . .36 72. 04+ . 91, 2641171 3
4, 096 +-359. 7|20, 3+ . 6(3. . 1i23. 94 . 6142. 94 . 5(9. L2 L84 . .35+ 72. 54 . 9|2, 9694268 1

1 Cut from cages and strips just prior to each grazing; samples dried with heated foreed air.

2 Estimated for cattle by the method of Schneider and others (25).

3 Cages clipped 4 or 5 times eacli season. .

1 Mower strips cut twice each fall except in-1949; cut only once in 1949, TIncludes wheat stubble,

s Mower strips cut 4 times each season, except cut 3 times in 1949, No hay harvested.

8 Mower strips cut twice each season in 1946 and 1947; once only in 1948, 1949, and 1950.  Two crops of hay were harvested each
year. i ,
7 Mower strips cut 4 times each season. - One crop of hay was harvested each year.

FUALINOTHOY JO “IdEA S "0 PH1T NILETING TVOINHOEL gl




PERMANENT PASTURE COMPARED WITH 5-YEAR ROTATION 13

protein, particularly in the spring, than the orchardgrass-Ladino
clover herbage from the crop-and-pasture rotation (except the second
year, with wheat stubble included) ; and it compared favorably with
the latter in crude fiber, caleinm, and phosphorus content.

The estimated total digestible nutrient content of the dry matter
of the clipped herbage (based on digestibility for cattle) averaged
above 70 pecent for all the grazed forages except the fall grazing with
wheat stubble included (second year of the rotation). It was slightly
higher for the rotation as a whole than for the permanent pasture,
however.

In actual grazing, it is probable that the cows selected herbage with
inore protein and less crude fiber than the chemical analyses indicate.
This would be true particularly for the second year of the rotation,
when there was wheat stubble in the fall graxing.

In studying these data, the reader should keep in mind that they
represent only the herbage above the clipping level. Small differ-
ences cannot be considered of significance from a grazing standpoint
because: (1) There often is more herbage below the chipping level
on permanent bluegrass-white clover pastures than on pastures with
tall-growing mixtures such as ovchavrdgrass-Ladino clover; (2) blue-
grass-white clover pastures nsually are grazed off closer to the ground
than tall-growing combinations; (3) cows practice selective grazing
and may leave more of the tall-growing forages; and (4) more herbage
is trampled and more is left uneaten when forage yields are high than
when forage yields are low.

Yield and Composition of the Harvested Crops

Data on the avernge yield of dry matter of the harvested crops as
stored and the chemical composition and estimated total digestible
nutrient content of the dry matter are summarized 1 table 5.

The corn was heavily eaved. It yielded as much dry matter as the
grass-legumes in the third year of the rotation and 16 percent more
than the Kentucky bluegrass-white clover permanens pasture.

The wheat, seeded lightly as a nurse crop, averaged 28 bushels of
grain (with 12 percent of moisture) per acre. Two-thirds of the total
dry matter preduced by the wheat crop was in the straw.

The two orchardgrass-Ladino clover hay crops harvested the fourth
vewr of the rotation produced a total yield of nearly 2 tons of dry
matter per acre. The second cutting yielded less dry matter than the
firgt cutting. The dry matter of the second cutting was o little lower
in erude fiber than that of the first cutting, and it was considerably
higher in crude protein and a little higher in TDN.

The hay crop harvested the fifth year of the rotation wag preceded
by a very early grazing peviod. The yield was light, and it was
stimilar in composition to the second cutting of the fourth year.

Grazing Conditions and Results

Information on the time and extent of greing, live weight of the
cows, supplementul feed consumed, milk produced, and total digesti-
ble nutrients yielded by grazing on the permanent pasture and on
the gastm‘es in the crop-and-pasture rotabion is summarized in tables
Sand 7.




Tasre 5.—Awverage yield and composition of the harvested crops as stored, 5-year crop-and-pasture rotation,
- Beltsville, Md., 1946-50*

Composition of the dry matter

Dry matter Estinlmted total di-
per acre e Nitrogen- gestible nutrients 3
Protein Ether Crude frec ox-
{ract

~ Year of the rotation and crop harvested ®

extract fiber

Pounds Percent | Percent| Percent | Percent | Perceni | Percent Pounds
jgirst ﬁear: Corn (silage) 6, 468 £753. 1| 8 80, 312, 140.2{22. 5:: 1. 1{61.°941. 6j4. 4::0. 3)70. 5:-0. 3j4, 5572 529. 0
econd year: i
Wheat (grain) 1,480 96. 6[13. 2k L 6]1. 84 . 1] 2, 74 . 180, 24 . 412, 1. 03(88. . 11, 3024 92,6
Wheat (straw) B 2, 7634146, 2{-2. 74 . 1j1. 04 . 147,84 . 542 41 6. 141,
Fourth year:;
Hay (first cutting) ... 2, 2381148, 0112 44, 812 44 . 232 9% . Oi46. O£ . 516. ¢ 485,31, 2(1, 237+ 73. 8
"~ Hay (second ¢utting) 1, 734:£221. 8|16. 0k . 6[3. 42 . 120, 44 1. 3{43. 0k 1. 218. . 2|58, JT1, 01241229
Fifth year: Hay (cut after early grazing).__)1,261+£123.0{15. 3+ . 712. 9% . 2130, 5+1. 3143. 6£ 1. 2/7. . alaT. B 7264 721

1 Corn as stored in the silo, wheat grain as stored in the mow, and wheat straw and hay as stored in the mow.

2. Average date of harvest: Corn for silage, Sept. 49 days; wheat, June 2544 days; fourth year of rotation, first cutting hay,
‘lI\Ja.y 234 5 days; fourth year of rotation; second cutting hay, July 189 days; and fifth year of rotation, hay cut after early grazing,
June 111 days.

3 Ketimated for cattle according to Schneider and others (corn and wheat, 24, hay, 25).
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‘TasLe 6.—dwverage time and extent of grazing and supplemental feed consumed per acre by cows on a Kentucky
bluegrass-white clover permanent pasture and by cows on orchardgrass-Ladino clover pastures in a 5-year crop-
and-pasture rotation, Beltsville, Md., 1946-50

e—00—0TEGLE

Grazing per acre Feed consumed per scre

Galendar-days

grased Toeal grazing | Total milking Hay

days days Grain

Number Number Number Pounds Pounds
Permanent pasture ! 186. 0+ 6.1 247, 14 9. 171. 8434 6714205 1,6334:278, 2

. 6 ]
Year of the rotation:
16. 6L 1. 74. 14£10. 44. 34 6.6 163+ 40.5 3804+ 58. 6
. 6 6604 95.9 1,428+ 164.0
32.94+10. 6 117+ 48.9 3294 88.9
138. 1+17. 3 S444-132, 9 1, 314-:128, 6

Fourths . 14. 0% 2. 71. 2£13.
Tifth 5 51.0% 3.4 205 0+10.

7
3

39. 44 2, 232, 64-14. g 174, 44-15
2

“1.QGrazing began Apr. 23+ 3.0 and ended Oct. 27 3.4; grazed rotationally in April and May and continuously thereafter.
2 Grazing began Aug. 1546.0 and ended Sept. 304 7.2; grazned rotationally twice each fall except in 1949 when it was grazed only
once.
| ¥ Grazing began May 17-4+2.5 and ended Oct. 154 7.0; grazed rotationally 4 times ench season except in 1949 when it was grazed
only 3 times.
$ Grazing began Sept. 3+6.3 and ended Oct. 5+9.0; grazed rotationally twice each fall in 1946 and 1047; once in the fall of 1048,
1949, and 1950.
® Grazing began Apr. 204 2.7 and ended Nov, 4+ 3.4; grazed rotationally 4 times each season with 1 light hay cutting between the
first-and second grazings.
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TaBre T—Awverage live weight per
produced per acre from grazing a Kentucky bluegrass-wh

ite clover permanea

clover pastures in a 5-year crop-and-pasture rotation, Beltsville, Md., 1946-50

cow, and average net ¢ ain in weight, milk produced, and total digestible nutrients
t pasture and orchardgrass-Ladino

Live weight

Average per
coWw

Net gain per

acre

Milk produced
per acre !

TDN per acre

Required by

COWS

Consumed
in fead

Credited to
pasture

Permanent pasture
Year of the rotation:

B 0 1) DO UUPA

Pounds

1, 209419,

1,232+ 12.
1, 196+ 15.
1) 220 28.

1 1792 10, ¢

Pounds

56. 0 36.

10. 3£20.
G7. 655,
GO, 4:33.
-§6. 6:£39.

Pounds

al5, 01741, 231, «
1,205+ 111 ]

5100+ 607

077+ 3130
4,328 755.H

Pounds ~

4, 486 4103,

Pounds

1, G4 £ 283. ¢

397+ 49,

1,468 163. 6

3174 87
14744132,

Pounds

9, 842217, 5

S07::112.7
2, 706 5.
043 166.
2,400% §1.

1 4-percent fat-correeled milk.
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PERMANENT PASTURE COMPARED WITEL 5-YEAR ROTATION 17

From 25 fo 50 cows were required at one time for grazing. If was
necessary to use most of the cows available, regardless of their level of
milk production. Consequently, there were some basic differences i
the grzing groups between pastures and from year to year on the
same pasture, but these diflerences tended to average out over the
Jevear periml

Tor the S-year period us a whole, for the permanent pasture and for
211 pastures 1n the crop-and-pasture totation, the aversge Tive weight
of the cows was 1,209 pounds and 1,198 pounds, respectively ; dry cows
com_[‘)rised 98.8 pereent and 33.1 percent, vespectively, of the total
number; average daily production of d-percent fat-corrected milk by
the milliimg cows was 34,4 pounds and 300 pounds, respeetively; and
by all cows it was L5 pounds and 20.1 pounds. vespectively ; average
hiary consumpéion per cow daily was 2.8 pounds and 3.1 povuds, respee-
tively: the average ratio of grain fed to milk produced was 1: 3.62 and
1:33.37, respectively; and the average consumption of TDN in sup-
plemenial feeds was 36.7 and 3418 pereent, respeclively, of the total
nutrient reqguirement.

Only the permanent pasture and the thivd yeav of the votation were
wsed enfively ns grazing.  The permuanent pasture was grazed earer
in the spring and Inter in the fail than the third year of the votation,
and it produred slightly more grazing days and total digestible
nutrients per acre.  Howeves. the thivd year of the vrotation outyielded
tho permanent pastore by a smnll margin in 1HG and again in 1950

Grazing Tollowing £wo hay erops (fourth yvear of the rotation) pro-
duced shightly fewer grazing duys and slightly move total digestible
nutrients per acre than grazing following the wheat harvest (second
year of the rotation). Grazing envly in the spring and late in the
Tall with one light hay evop in between ([fth year of the rotation)
oxtended the grazing season beyond the usual limits and produced
only 306 pounds less total digestible nufrients from grazing than the
third year of the votation. and only 42 pounds less than the
permancnt pasture.

The total digestible nutrients obtained per cow daily from grazing
averaged 11.77 pounds for the permanent pasture as compared with
an averagoe of 1164 pornds for the third year of the rotation and
11.76 pounds for a1l pastures in the rotation.

Live-weight gaing per cow daily averaged 0.23 pou nd for the per-
manent pasture as compared with an average of (.29 pound for the
third year of the rotation and 0. pound for all pastures in the

rotubtion.

Yield of Dry Matter and Total Digestible Nutrients
Per Acre

Data on the vield of dry malter and total digestible nutrients per
ncve from the permanent pastare {grazing) and from the 5-year crop-
and-pasture rotation (grazing and harvesting) are summarized in
table 8.

The permanent pasture produced an average of 5,550 pounds of dry
matter and 2,842 pounds of total digestible nulrtents per acre. This
ricld of TDN is equivalent (o 177.5 standard grazing days of 10 pounds
TDN ench. In other words, this yield of TDN would provide, by




Tavte 8.—Average yield of dry matter and total digestible nutrients per acre, from grazing & permanent pasture
and from grazing and harvesting a 5-year crop-and-pasture rotation, Belisville, M d., 1946-50

~

TDX per acre

Permanent pasture (check). . il

Crop-and-pasture rotation:

Trirst year (corn for silage) __._..
Second year (wheat and graz-

ing) 2. S S
Third year (grazing only):__.__.
Fourth year (hay; hay, grazing).
Fifth- year (grazing, hay, graz-

INE) o e iieiann o

Average. .o ..o ________.

Dry matter per acre
Crop as stored Less minimum storage loss!
Pounds Percent Pounds Percent Pounds Percent

5, 5504£553.1 ] 100.0 2,842:£217. 5 | 100.0 2, 8424217. 5 | 100. 0
6,468 £752, 4 | 116.5% 7.4 | 4, 5574529, 0 160. 3225 | 3,873 £440. 4 | 136.3:£18.9
4,1004166. 8 7004k 76| 2,109+£156. 1 74. 5% 8.2 2, 1094156, 1 | 7454 8.0
6, 444234, 1 | 116.1410:6 | 2,706+ 353. 9 05.24 6.9 | 2,706:k 53.90 1 95 2:£ 6.9
5,726+3877. 3 103. 24 6.7 { 3,192:4:215. 5 [ 112.34% 6 0| 3,080:200.0 [ 108 44 5 9
5, 357+359. 6 06.54 6.4 3, 126£137. 6 110. 04 7.2] 3,00013L4 | 10894 7.7
5,610::316.8 | 101. 24 5.7 1 3,138£132.0 | 110. 4 8 9| 2, 9?2:&:117,8 104, 64 6.8

! Deducted as storage loss: 15 percent of coru as stored

2 Does not include wheat straw.

in the silo; 5 pevvent of hay as sfored

in the mow.

8T
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PERMANENT PASTURE COMPARED WITH 5-YEAR ROTATION 19

grazing alone without any supplemental feed, suflicient TDN for a
1,200-pound cow to maintain herself and produce 20 pounds of 4-per-
cent fat-corrected milk daily for 177.5 days, or a total of 3,530 pounds
of mille, Tt is also equal to 5,684 pounds of high-quality, carly cut hay
with 13 percent of moisture.

The &-year crop-and-pasture rotation produced an average of 5,619
pounds of dry matter per acve, or only 1.2 pereent more than the perma-
nent pasture. ‘The third. fourth, and fifth years of the rotation aver-
aged 16.1 percent more, 3.2 percent more, and 3.5 percent less, re-
spectively, than the permunent pasture. The 3 years combined aver-
aged 5,842 pounds of dry mafter, or 5.3 percent more than the permu-
nent pastore.

The 5-year crop-and-pasture rotation produced an average of 2,977
pounds of TDN per aere ufter storage losses for the silage and hay
were deducted, or 4.0 pereent more than the permanent pasture. The
third, fourth, and fifth yeurs of the rotation averaged 4.8 percent less,
8.4 percent more, and 8.7 percent move, respectively, after storage losses
tor the hay were deducted, than the permanent pasture. The 3 years
combined averaged 2,959 pounds of TDN, or 4.1 percent more than
the permanent pasture,

The corn and wheat crops combined (including grazing in the fall
following wheat) produced an average of £,991 pounds of TDN per
acre per year nfter storage losses for the silage were deducted. This
was only 1.1 percent more than the grass-Jegumes in the rotation and
only 5.2 percent more than the permanent pasture.

Seasenal Distribution of the Total Digestible Nutrients
Produced

Data on the seasonal distribution of the TDN produced per acre per
day from grazing the pernianent pastorve, from grazing the third year
ot the crop-and-pasture rofation, and frem the hay crop and grazing
the fourth and fifth years of the ratation arve summarized by months in
table 9, and by §-duy intervals throughout the season in hgure 1 and
appendix tabie 22. _

In comparing the seasonal distribution of TDXN produced, the dates
on which grazing was started on the permanent pasture in the spring
were used as a base. The TN yiclds obtained from the first rotational
crazing of grass-legumes in fhe crop-and-pasture rotation and from
the first hay harvest each season were prorated back to these dates,
ngsuming equal yields for each H-dav period based on caleulations
from proximate nnalyses and Sehneider’s regression coeflicients for
eattle (24}, TDN yields obtained fram later grazings and hay har-
vests were provafed back fo the date ot the preceding grazing or hay
harvest. A S-percent dednction was made from fhe TDN produced
hy the hay havvests, ns & minimum storage loss.

Al fields reached their peak daily production of THN in May. The
average daily production of TN 1 My was Tower Tor the third and
fifth years of the crop-and-pasture votation than for the permanent
pasture but was considerably higher for the fourth vear.

Daily production of TDN dvopped sharply in all fields the latrer
part of May, the rate of decline slowing down and leveling off in Tune.
The nverage in June was appreciably higher for the fourth and fifth




2(} TECHNICAL BULLETIN 1144, U. 8. DEPT. OF AGRICULTURE

10N )
Crop rotation
- / orchardgrass-Ladino clover 5
30+ ~
20+ -
10+ d —
'l'
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! Kentucky bluegrass-white clover kY
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Freuns L—Average production of TN per acre per day throughout the season
from grazing o Kentueky blucgrass-white clover permanent pasture and from
the hay crop and grazing orchardgrass-Tadine clover pastures for 3 years of #

jear crop-and-pasture rotation, Beitsvitle, Md., 1946-50.

Tasre 9.—Average production of total digestible nutrients per acre
daily, by months, on a Kentucky blueyrass-white clover permanent
pasture and on orchardyruss-Ladine clover pastures tn a S-year

erop-and-pasture rotation, Beltsville, Md., 1946-50*

Year of the rolation

) Pormanent:
Month pasture

Third Fourth Fifth Avernge

Pouids Pownds Pounds Pownds Pounds
May o ceccaeceooo) 260645, ) 23,063, 4) 36. 24 2) 22341 5] 27. 643 0
BE3] 111 B2 1L 2,0 18 1425 1832131 17,2217
Ty o mem e 004 £2.3 13 L&5 1| 187283 15742 0 1582410, 4
Avgust_____________ 10 82,01 13 96 1122742260 11.04L1.0) 128L1.6
September. oo .. 15.0+2.8 13.8x8 4 814418 844 111012103
Qetober Lo IL7LLG 7.0£00F 34£1 8 6, 22100 55L£1.3

I Complete seasonal distribulion shown in figures § and 2.

The dates on which

grazing was started on (he permanent pasture in the spring were used as a buse.
The TN yields oblained from the firsh rotational yrazing of the pastures in the
crop-and-pasture rotation and from Ghe first hay harvest ench season were pro-
ratcd hack to these dubos; the TN yields obtained from later grazings and hay
harvests were proraded back to the dale of the preeeding praxing or hay harvest,
In these data, 5 percent of the total digestible nutrients was dedueted from the
hay harvests #s n minimum storage loss.
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years of the rotation than for the permanent pasture but was lower
for the third year. Also, during June, daily production of TDN
dropped considerably Jower for the permanent pasture than for the
pastures in the rotation. Therefore, average daily production of
TDN wuas considerably higher dwring July and August for the pas-
tures n the rotation than for the permanent pastuve.

Production of TN increased slightly fou fhe permanent pasture
in the latter part of August apd this increase was maintained duving
September, whereas production of TN continued to decline for the
erop-and-pasture yotation. As a vesult, avernge duily production of
TDXN was lower for tlie crop-and-pasture rotafion than for the per-
manent pasture during September and Qctaber.

The yearly data indicate that varviation in daily yield of TDN was
greater from year tayear for the permanent pasture than for the erop-
and-pastnre rotarion.

RESULTS OF THE COMPARISON BETWEEN OR-
CHARDGRASS AND BROMEGRASS IN THE GRASS-
LEGUME MIXTURE

Oreharderass grows well and produces high yields in the Maryland-
Virginia aven in which Beltsville is lecated.  Small-plot studies by
the Field Crops Researcl Branch show fhat Lromegrass, a well-
adapted high-yielding pasture grass in the Corn Belt and the North-
east, apparently is not g0 well adapted for Maryland and Virginia as
orchardgrass, Bromegrass was introduced info this experiment to
compare the growing habits and yields of the we grasses when grown
with Ladino elover on a Iarger seale under actunl grazing and harvest-
mg condilfions.

Beginning in the Fall of 1945, therelore, orchardgrass was replaced
by bromegrass en 2 of the 4 acves seeded vearly fo the orchardgrass-
TLadino clover-red ¢lover mixture. At the end of ihe experiment n
1950, the 2 grasses had been compared 3 times for the second year of
the crop-amd-pasture rofation, -+ fimes for ihe third yesr. 3 times for
the fourth year, and 2 times for the fifil year. Thevefore, the data
for the orchardgrass-Ladine clover ficlds in these eomparisons differ
from those in the previens diseussion, which included the years
194-6-30, inelugive.

Botanical Composition of the Ground Cover

Plant population counts were wmade each fall after the end of the
grazing season. The data are summarized in table 10.

Bramegreass did not develop in the ground cover as rapidly as
orchardgrass nor to as great an extent,  Bromegrass reached a Penlc
af 30.5 percent the thied vear of the rotation, as compaved with 41.3
percent for orchardgrass. and they maintained ahout those snme levels
the Tourth and ffth years., Tadino elover provided more ground cover
thronghout ilian bromegrass.

Weeds occupied a larger area on the bromegrass fields than on the
orchavdgrass fields the second, third. and fourth years of the rota-
tion znd abont the same on both the fifth year. Kentueky bluegrass
was more nggressive on the hromegrass felds than on the orchardgeass
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TasLe 10.—Awverage botanical composition of the ground cover on comparable orchardgrass-Ladino clover
and bromegrass-Ladino clover fields in a 5-year crop-and-pasturs rotation, Beltsville, Md.*

Year of the rotation, and field

iround cover

Second ®

Third 3

Fourth ¢

Wifth s

Orchard-
grass

Brome-
£rass

Orchard-
grass

Brome-
grass

Orchard- ;| Brome-
grass - | grass

!

Orchard- | Brome-
grass £rass

Kentucky bluegrass. . 2. __.__...__
Orchardgrass
Bromegrass

Percent,
0.2
30. 8
0

Percent

2.

P

Percent
O !

41, 3
0

Percent
1

DAL R

30.

Percent Percent
0 3.

L
40. 0
0

L
30.

Percent Percent

4. 11
39.
0

1.
30.

Total grasses. cooso oo e oo

31,

24 4

41,

41. 0

35

43. 43.

Ladino clover
Red clover

33.

15, 4

39. 4

12,

43.

38. 3
.7

36.

36.

ot o owiet

48. 4

51

44.

39.0

15,
5

18,

O

10. 5
35

=l 0] i i ©

17.0
3.0

! Plant population counts made each fall with a point quadrat after the end of the grazing season.

2 1946-50, inclusive:
31947-50, inclusive.
4 1948-50, inclusive,
51949 and 1950,

(44
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fields beginning the third year of (he rolation. By the end of the
fifth year, Kentucky ULluegiass covered neurly three times as loarge
an area on the bromegrass fields as on the orchardginss fields.

Yield of Dry Matter and Total Digestible Nutrients
Per Acre

Datn on the yield of dey matter and total digestible nutrients per
acre from grazing and harvesting comparable ovebardgrass-Ladino
clover fields and bromegiass-Ladino clover fields we summarized in
table 11,

Tanwr 11 —dwerage yield of dry matter and total digestible nutrients
per _acre from grazing and harcesting comparable orchardgrass-
Ladino clover fields and bromegruss-Ladine clover fields in o 5-year
crop-and-pasture votaton, Belisville, 3(d.

I
TDN per acre

!
!
}
| ey matler |
]

Field, and vear of rotation

i -
per aere Chrop as 1 Less mini-
5 oo m storage
“tored : mu loss‘mg
i T '“_E
QOrchardgrass: ) Pounds | Pounds « Pounds
Third year? __ L _ ... G, 731 } 2 718 2, 718
Fourth year3___ .. __._____ .. ! 5, 668 1 3, 16 ¢ 3, 043
Tith yeard ... .. : 5, 289 : 3,307 3, 351
AVCIABE e e oo mmcaaen e | Taseei s002 3, 031
Bromegrass: | } ) X
Third year 2. oo : o, 805 2,741, 2, 74t
Tourlh yeard_ . ! 4, 848 | 2,545 : 2, 495
TFifth seart. ... : a, 305 l 3,165 © 3, 132
AVOTHEC e el : 3, 350 *I 2, 83 [ 2, 789

3 pereent of hay stored in the mow dedueted as storage loss.
HMT7-58, inclusive; grazing onty.

3194850, Inclusive; hay, hay, grazing.

1048 and 1950 graxing, hay, pracing.

1
2

Both grass-legume mixtures were grazed and harvested under simi-
lar conditions. There were only slight differences in the chemical
composition of the dry matter of the two mixtures. The orchard-
grass-Ladino clover mixture was ready for grazing from 6 to 8 days
earlier in the spring than the bromegrass-Ladino clover mixture. On
an average, the orchardgrass-Ladino clover mixture produced 9 per-
cent more dry matter and 9 percent more TDN from grazing and har-
vesting than the bromegrass-Ladino clover mixsture.

Seasonal Distribution of the Total Digestible Nutrients
Produced

Data on the seasonal distribution of the TDN produced per acre per
day by comparable orchardgrass-Ladino clover fields and bromegrass-




24 TECHNICAL BULLETIN 1144, U. 8. DEPT. 0¥ AGRICULTURE

Ladino clover fields are summarized by months in table 12, and by
5-%3,}' intervals throughout the season in figure 2 and appendix
table 23.

TDN

‘\
LS L \‘
b
“
/ RN

Bromegrass fields

0 1 | 1 1 1 L
APR. MAY JUNE JULY AUG. SEPT. OCT. NOV.

FIGuRE 2.—Average production of TDN per acre per day thrownghout the sea-

son by comparable orchardgrass-Ladino clover fields and bromegrass-Ladine
clover fields in o S-year crop-and-pasture rotation, Belisville, Md.

Tasin 12.—dverage production of tofal digestible nwlvients per acre
duily, by months, on comparable orchardgrass-Ladine clover and
bromegrass-Ladino clover fields in o 5-year crop-and-pasture rota-
ton, Deltsville, 3 d.

Year of the rotation, and field

1
Month | Third ! Fourth 2 j Fifth 2

! o e
()rch:lrcl-i Bromie- Or(:h:trfl-i Broime- ()rch;‘:rrl-f Bromaoe-

grass |ograss s PR grass  §ooprass

[
Fl
i
t H
b

Poundds

t Pounids | Ponnds | Pounds
7. 24, 4

26, i 32, 37. 3
1403 14, 17. 8
Jaly e 12,4 .8 171 la. i 1.
Augusit 13. 8 102 (3.0 0. L
Seplember_ __ . ... . [ S I R O | A 500 . 0. ¢
OelobeT e e ee e 62 52 5 4 3.8 : 3.

24, 21,9 |
9.8 5 100} I8
|
'

i
i .
| Pounds | Pounds |

17.
14,

194750, inclusive.
1948-50, inclusive.
19:4% and 1950,
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The bromegrass fields reached a higher pealk preduction of TDN
than the orchardgrass fields in late April and early May of the third
and fifth years of the rotation, but had 2 considerably Jower peak pro-
duction the fourth year. For all 3 years, theve was little difference
in the average daily production of TDN per acre befween the brome-
grass fields and the orchardgunss fields in May and June. However,
production was lower on the bromegrass fields than on the orchard-
grass fields during the remainder of the season for the thivd and
fourth years, and also during July and August for the fifth year.

CROP PRODUCTION REQUIREMENTS AND COSTS

Farming operations for the first and second years of the crop-and-
pasture rofafion were on -kacre hields. All others, including those
on the permunent pasture, were on 2-acve fields.

How Requirements and Costs Were Calculated

The time requirements used for crop production ave based on the
average actual observed time required to perform the various field
operations in this experiment. Ilourly charges for labor and ma-
chinery at Beltsville are not typical of average farming. Surveys of
actual farm costs per hour were used. therefore, to provide cost data
that would be typical for an average-size farm.

The hourly rate used for labor was $0.69. This was the average
hourly wage without room and board paid to farmworkers in the
United Statesin 1950 (25).

The observed operation time per acre for the different types of
equipment used and the cost per hour of operating each piece of
cquipment as determined by farm surveys ave given in table 13, The
operating costs por honr used for most farm machinery were obtained
From a farm survey in Nebraska {17} published in 1948. The operat-
ine costs per hour used for the manuve spreader, power scoop, ferti-
Tizer spreader, and enltipacker were caleutated from (a) the annual
usage fignres for such machines in Indiana {8), as published 1n 19391
(b) the 1950 prices of these machines; and (e} the method for calen-
Tating hourly costs outlined by the American Society of Agrienliural
Engineers in 1949 (3). Al hourly costs of machinery inelude depre-
ciation, repair, daily maintenance, and fuel. A flaf charge of 10 cents
per hushel of wheat threshed was made for the wse of the threshing
machine. )

The cost of barnyard manure was placed af %2 per ton, its ealenlated
value for replacing commercial fertilizer. The cost of fertihizer and
seed was their actual cost at Beltsville in 1950, as follows: Commercial
fertilizer, $36 per ton ; hybrid seed corn, $10.30 per bushel; sced wheaf.
%3 per bushel : orchardgrass sced, $+1.30 poy hundredweight: red clover
seed, $44.30 per hundredweight; and Tadino clover seed. $189 per hun-
drediweight. )

The price charged for the use of land was $9.40 per acre. Ti_us was
the average cost paid as inferest or yont by operators of family-size
hog-dairy farms in the Corn Belt in 1048 {273,

Tencing costs ave not ineluded in thisstudy,
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Tavre 18.—Hind of farming equipment used, rate of operation per
acre, and cost of operation ver hour in a comparison of a Kentucky

- bluegrass-white clover permanent pasture with orchardgross-Ladino
clover pastures in a 5-yrar crop-and-pasture rotaiion, Beltsville,

Md., 1946-50

Kind of cqunipment

Rate of
operalion
per acre

Cost of
operntion
per hour

Corn planter, 2-row
Corn cultivator, 2-row
Cultipacker, 8-foot.

Al imarles
28
28
22

Dollars
0.

Fertilizer spreader, 10-foot

Ficld forage baler

Field forage chopper

Forage blower, stationary

Grain binder, G-foot

Grain drill, 8-foot

Harrow, disk, tandem, 8-foot
Harrow, spike-tooth, 12-foot

Harrow, spring-tooth, 1{-foot
Manure scoop 2

Manure spreader, 50-hushel capacify 2
Mower, 7-foot, clipping pastures
Mower, 7-foot, mowing hay

Plow, moldhoard, 2 14-inch

Rake, side delivery, 10-foat

Thresher, statfonary .. _._________..._.. .
Tractor

1 Sec toxt for source of rates and co.. ..
2 8 Jonds (10 tons) of barnyard manure spread per acre,
* Cost per bushel.

Crop Production Requirements and Costs Per Acre

A summary of labor requirements and labor and equipment costs
per acre per year for the permanent pasture and for the 5-year crop-
and-pasture rotation is given in table 14. Tabor requirements and
lIabor and equipment costs for grazing and for harvesting are given
separately for the second, fourth, and fifth years of the rotation. All
material, Jabor, and equipment costs for manuring, fertilizing, and
seeding are prorated according to their apparent usefulness. This is
more equitable than to charge all these costs to the first crop year fol-
lowing application or seeding, as manuring, fertilizing, and seeding
all affect crop production beyond the first year.

The costs per acre were prorated as follows:

Barnyaerd manwre (including its application)—
Two-thirds to the first year following application : Manure,
%12.33; labor {2 hours) and equipment cost, $5.19; total
18.52.
One-third to the second year following application:
Manure, $6.67; Iabor (1 hour) and equipment cost, $2.59;
total, $9.26.
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Comanercial fertilizer (including its application)—

Charged equally to all years: Fertilizer, $2.99; labor (0.29

hour) and equipment cost, $0.44; total, $3.36.
Grass and legume seed and seeding—

One-tenth to the second year of the rotation: Seed, $0.76;
labor {0.20 hour), $0.14; total, $0.90.

Three-tenths to each of the third, fourth, and fifth years
of the rotation: Seed, $2.27; labor (0.60 hour), $0.42; total,
$2.69,

All costs for the sccond, fonrth, aud fth years of the crop-and-
Pasture rotation were prorated between the harvested crops and the
grazing on the basis of their relative yield of TDX, with storage losses
deducted, as follows:

Sccond year—Wheat (grain), 61.7 pereent; fall grazing, 38.3
percent.

Fourth year—Hay (2 cuttings), 69.4 percent; £al) grazing, 30.6
percent,

Tifth pear—Hay {1 cutting), 923 percent; grazing, 77.7
percent, :

For the permanent pasture, applying barnyard manure (provated
basis) increased total costs by 109 percent the first year following
application, and by 55 percent the second year following application.

Labor and equipment costs were 268 percant higher and total costs
were 63 percent higher for the 5-year crop-and-pasture rotation than
for the permanent pasture. Production requirements and costs per
acre ywere lowesh for the third year of the rotation (grazing only),
and they were similar to requirements and costs for the permanent
pasture under similar conditions {no manwre appled in either case).
Harvesting one light hay crop (f#th year of the rotation) doubled
Jabor requirements and increased total costs by 25 percent. Harvest-
ing two light hay crops (fourth yeav of the rotation) nearly qaad-
rupled labor regmirements and increased total costs by over 50 percent.

Labor requirements averaged 184 percent more and total costs
averaged 107 percent more for the first and second years of the rota-
tion E)com and wheat; manure applied) than for the last 3 years
{grass-legumes; no manurve applied). After Iabor requirements and
costs of applying manure were deducted, the first 2 years still averaged
153 percent more labor and 49 percent move total cost per acre per

ear.

Y Labor requirements and Iabor and equipment costs per acre per
year for the yarious farming operations on the permanent pasture
are given in detail, by calendar years, for the 5-year peried 1946-50
in appendix table 16. Average labor and equipment requirements
and costs per acre per year for the permanent pasture and for each
of the 5 years of the crop-and-pasture rotation are given in appendix
tables 17 to 20, inclugive. Average labor requirements and all costs
for labor, equipment, fertilizer, barnyard manure, seed, and land use
per acre per year are summarized in appendix table 21, In this table,
all costs for manuring, fertilizing, and seeding are charged to the
first crop vear following application or seeding, rather than being
prorated as in fable 14,




TanpLe 1d.—Labor requirements and all costs per acre per year for a Kentucky bluegrass-white clover permanent pas-
ture and for crops and pasturves in a 5-year crop-and-pasture rotation, Beltsville, M d., 1946-60 *

PERMANENT PASTURE

Costs per acre per year for—
‘ Labor : m .
Item i retuired lpoetxala((;log ‘
per acre Labor Lqunp Fertilizer Seed Tand

ment or manure

Hours Dollars Dollars Dollars Dollars Dollars Dollars
.5 1. 0d 1. 80 2. 88 9. 40 15. 12
1. 04 1..80 88 1 9. 40 15,12

2.
Z. 42 3. 63 16. 21 9. 40 31. 66

1.73 2.72 9. 55 0. 40 23. 40
104 1.80 2. 88 9. 40 15.12

1. 45 2,35 6. 88 9. 40 . 08

Al Crop-AND-Pasrune Rorarion

First year: Corn (silage) 3. 87 0. 57 15. 17

Second year:
Wheat {grain) - S 10. 03
Fall grazing. . oo miiidn it mn 1.1 . 1. 03

11. 06
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Fourth year:
Hay (2 cuttings)
Fall grazing... 67

. 63

Fifth vear: :
Hay (1 cutting) 3. 32
Grazing - 1..50

4, 82
Average (5 years) 36

8.
Average (first and second years).... 13. 68
Average (third, fourth and fifth years) 4, 82

[RY SIS

! Labor requirements and all costs prorated as indicated in text, p.
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Labor Required and Total Cost Per Hundred Pounds of
Total Digestible Nutrients Produced

The labor required and total cost per 100 pounds of total digestible
nutrients produced by the permanent pasture and by the 3-year crop-
and-pasture rotation are shown in table 15. Data arc based on pro-
rate(l Iabor requirements and costs, as shown in tnable 14 For har-

TECHENICAL BULLETIN 1144, U. 5. DEPT. QF AGRICULTURE

Tasue Li—Labor required, and total cost, per 100 pounds of tokdd
digestible nuiricnts produced by a Kentueky bluegrass-white clover
permanent pasiure and by « 3-year ecrop-und-pasture rotation.
Reltsville, 3d., 1946-90

Prntviasext Pasroas

- Labor © Tolul
Lalror i Towal | TN required  cosi
Tiem ,reruieed: eust produced. per 100 0 per 100
CPETACEe | peraert | perdere s pounds | pounds
, i : | TDN ¢+ TDN
o - R . r m——— .-_"....._...__._! —— .
. Hours t Dollars E Poynds 1 Hanrs ' Dollars
1046 . DU .40 1a 12 ) 2 202 [ERRATTN * a. 69
1847, .. - el oot 1513 - 3, 388 O8] .43
JME L e " 308 J31L66 0 3, 5370 - . 3t Lt
| 1 ; 25010 2340 2,831 b osy .82
1Lt B OLAah g 15120 2,408 - 062 . 63
AVOTREE oo e 2000 2008 2,542 ) o7 .73
3 Year (rop-anp-Pasrrre Rorarion?
First vear: Corn (silage) . .. 1387 © 52310 3,873 00838 ¢ 1,35
Second year: T _,_._.__.,_. ¢ o
Wheat (graind. ... . 12090 0 33,28 ., 342, L8532 256
Pl grazine . ________.._. LI 981 RIS & 1,52
Totaloccooe coeeeea. . 13500 42,090 21001 6i0] 204
Third year: Cirazing. oo ... 210 0 102t 2,706 1 078 67
Fourth year: ST ’f T N .
Hay (2 enttings) e oo oaeoes Po6.86 1 22127 2137 .21 104
Foallgraning . __________} LB7 0 588 43 071 | .04
Totals oo 7331 27.70 | 3,080 2 .00
Tifth voar: i o E
Hay (leutling) ._________. .32, 0.03 890 L 481 ¢ L3
Grazing. . _____________ i Lah {1872 2,400 . 063 l .57
L T {82 2297 3000 .16] .7
Average, §-year erop-and-pasiure’ e -
rofation______ .. b8 36 32701 24672 . 283 1. 18
AN Sy e | I IO A . 360 1. 10
Allgrazing ... .. e i ________________ . 078 . 69
i .

! Lebor requirements and all costs prorated as indieated in text, p. 25,
? Minimum storage losses dedueted: 15 pereent for corn silage: 5 pereent for hay.
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vested crops, the data are based on yields of TDN after storage losses
of 15 percent for corn stored in the silo and 5 percent for hay stored
in the mow were deducted. Data are given separately for grazing
and for harvested crops, where both occur in the same crop year.
All hay and all grazing for the crop-and-pasture rofation are also
summarized separately.

For the permanent pasture, the labor required per 100 pounds of
TDN produced was very low, averaging 0.074 hour. Application of
barnyard manure (1948 and 1949) doubled both the labor required
and the total cost per 100 pounds of TDN produced.

For the 5-year crop-and-pasture rotation, the labor required per
100 pounds of TDN produced covered a wide range and averaged about
4 times as much as for the permanent pasture. The average for all
grazing in the rotation was abouf the same as for the permanent pas-
ture. The average for all hay in the rotation was about 414 times as
much as for all grazing. The corn crop (first year of the rotation)
required about as much labor per 100 pounds of TDXN produced as
the average for all hay; the wheat crop (grain only, second year of
the rotation) required nearly 3 times as much as the corn crop.

For the 5-yewr crop-and-pasture rofation, total cost per 100 pounds
of TDN produced also covered a wide range and averaged about 114
times as much as for the permunent pasture. The average for all graz-
ing in the rotation was about the same as for the permanent pastare.
The average for all hay in the rotation was about 1.4 times as much as
for all grazing. Total cost per 100 pounds of TDN produced was
about 1.2 times as much for the corn crop (first year of the rotation)
as the average for all hay; and it was about twice as much for the
wheat crop (grain only, second year of the rotation) as for the corn
crop. Both the corn crop and the wheat crop included labor, material,
and equipment costs of applying manure, whereas the hay and grazing

did not.
SUMMARY

At Beltsville, well-managed improved Kentucky bluegrass-white
clover pastures provide high yields of desirable grazing for dairy cat-
tle. The principal faults of these pastures are that yields are greatly
reduced during dry periods and dry seasons, and the pastures are some-
times quite weedy.

Seeded orchardgrass-Ladino clover pastures, grown in a 5-year ro-
tution with corn for silage and wheat as u nurse crop, were compared
with a Kentucky bluegrass-white clover permanent pasture for the 5-
year period 1946-50. The pasturesin the rotation were used as pasture
or as hay and pasturc. Bromegrass wus seeded with Ladino clover
during part of this period, to compare with orchardgrass.

The ground cover of the orchardgrass-Ladine clover pastures con-
tained more legumes and fewer weeds than the Kentucky bluegrass-
white clover pasture. All grazing was relatively high in protein, cal-
cium, and phosphorus and low in crude fiber, but the grazing on the
Kentucky bluegrass-white clover pasture was lower in protein early
in the season. On both kinds of pasture, the guality of the grazing
changed but little throughout the season.

The seasonal production of dry matter and total digestible nutrients
followed somewhat the same pattern on both kinds of pasture. They
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reached a high peak production during emly May and dropped off
sharply during late May and ecarly June, with lower production
throughout the remainder of the season. Yields were about equal on
both kinds of pasture during May and June, somewhst higher on the
orchardgrass-Ladino clover pastures during July and August, and
stightly higher on the Kentucly bluegrass-white clover pasture during,
September and Oectober.

The orvehardgrass-Ladino clover pastures provided their best late
summer grazing the thivd year of the rotation, and they reached their
highest peal ol spring productivity the fourth vear. They provided
very early grazing in the spring of the fifth year and weve reserved
for very lale grazing that fall) thos extending the length of the graz-
ng season appreciably.

Asaowhele, the orchardgrenss-Ladino ¢lover pasturves (thivd, fourth,
and fifth years of the voiation) outyielded the Kentucky blauegrass-
white elover permanent pasture during dry pervieds and dry seasons
but not during seusons of abundant, well-distributed rainfall. The
orchardgrass-Ladino clover pastures yielded only 3.3 percent more
dry muadter and LI percent more ‘DN, on an average, than the Ken-
tuclky bluegrass-white clover permanent pasture. The fnst 2 years
of the crop-nnd-pasture rotafion {corn the first yenr: wheat followed
by fall gruzing the sceond year} yielded only 3.2 pereent more TDN
than the Nentueky bluegrass-white clover pasture and only 1.1 per-
cent more than the orchardgrass-Ladinoe ¢lover pastuves.

Bromegrass did not develop in the grass-legume mixture to the
same extent as orchavdgrass, The bromegrass-Ladino clover combi-
nation produced about as much TDN during May and June as the
orchavdgrass-Ladino clover combination. but produced less from July
1 on, and 8 percent less Tor the season.

The Jabor requived and total cost per L) pounds of ‘TDN produced
by the Kentucky bluegrass-white clover permanent pasture and by the
orchardgruss-Ladino clover pastures in the erop-and-pasture rotation
were low and about equal. Compared to grazing the orchardgrass-
Ladine clover pastures, making hay rvequired 4.6 times us much labor
and cost 1.6 Limes as much: corn harvested as silage required 4.4 times
as miuch Inbor and cost 2.0 times oy muelh; and wheat huarvested as
grain required 12.2 thines as much laber and cost 3.7 times as much.

A Beyear crop-and-pasture rolation consisting of corn for silage,
swall grain used as a nurse crop, and 3 years of seeded grass-legumes
prevides & good means for utilizing the accumulating fertility re-
serves in old pasture sods for the production of harvested forage,
and then remaking them into high-yielding pastures. Grazing the
wheat crop oft or cutting it eavly for silage or hay will reduce the
high labor requirements and costs of this ¢rop without deereasing the
amount ot feed nutvients produced.
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APPENDIX

Tasre 16.—ZLabor and equipment requirements and costs per acre for
a Kentucky bluegrass-white clover permanent pasture, Belisville,
Afd., by calendar years, 1946-50*

Time per acre per vear for—
s ) Cost
I, Clip- |Scatter
Year, and ilem pring ing Ferti- { AManur-| Total :i)fi_r‘
afler | drop- | lizing ing time ere
grazing| pings
First year, 19406: Minutes| M inutestMinutes|Minutes] Flours | Dollars
Labor_ _.______ . _.___._ 24 115 2 U 1. 493 1. 33
Mower, T-foobo e oo A8 | el . 80 .5
Harrow, spike-tooth, 12-

{5 TS I b2 N RO S, L 07
Fertilizer spreader, 10-foab.| .. | o~ 22 | s .37 A3
ek o e e e m Wt AT 14
Tractor oo oae oo 48 24 22 | 1. 57 1. 28

Total cost .o oo e e 3. 49

Second year, 1947: o -
Lebor_ ... ____.__. 18 24 | oo 1,20 . 83
Mower, 7-foob._________ R Y. 7 VRS U . 80 . 54
Harrow, spike-tooth, 12-

foob_ o e bt S N P . 40 .07
Traetor . oo oo 48 b N Y 1. 20 . 96

Total o8t mm oo oo | e 240

Third year, 1948: o

£+ S, 18 24 b 180 | 4.20 2. 90
Manure spreader. .o ao e eee o ofem - 152 2. 53 .33
Manure se0op o oo me [ 24 .40 .08
Mower, 7-foot_.________ 1= 7 IS, (R e . 80 Lot
Harrow, spike-tooth, 12-

foob. e oo .2 e .40 L7
Tractor .o Lo 48 24 | 176 ¢ 413 3. 3o

Total oSt oo e e 7. 22

Fourth year, 1940:

ADOY - - oo 48 .2 S I S 1. 20 .83
Mower, T-foot_ - ._____._ A8 e oo || . 80 , o4
Harrow, spike-tooth, 12-

FOOb . o oo e 24 [ |- . 40 .07
TFractor oo 48 b S PN S 1. 20 .96

T'obal €05be o cce i fmmmm e || e e o 2. 40

Fifth year, 1950:

LabOT - o e 48 24 44 |oooa o 1. 43 1. 33
Mower, T-Toot_ . _______. F % ) (RN SRR [ . 80 . o4
Harrow, spike-tooth, 12-

foot o b S (R S . 4 i
Fertilizer spreader, 10-foot. |- o .. |- oo 22 |_____._. .37 .15
Truek . oo e 10 |aceoaoo .17 L 14
Tractor oo - 48 24 22 | . 157 1.26

Total eost, o meee o me oo | 3. 49

i Pastures clipped twice each year, droppings scattered once each year. All

machinery operated by tractor.
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TaBLE 17.—Average labor and equipment requirements and costs per
acre per year for @ Kentucky blucgrass-white clover permancent
pasture, Beltsville, M d., 1956-50

Time per acre per year for—

Ciip-

ping

after
grazing

Seat-
tering
drop-
pings

i
Fearti- | AManur-
lizing ing

Totul
time

Mower, 7-foot
Harrow, spike-tooth, 12-fooh_
Fertilizer spreader, 10-foot___

Manure scoop
Manure spreader
Tractor oo

Tolal cost

Minules
48. 0

sfTnuies
]

A irmtes! AMinules

Dallars
144
.54
.07

. 06
.06
.02
.07
154

3. 80

! Pastures clipped twice each year; droppings scattered once each year. Al
Fertilising and manuring charges prorated evenly

machinery operated by tractor,
over the 5 vears.
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PERMANENT PASTURE COMPARED WITH 3-YEAR ROTATION 37

TanLe 18.—Average ladbor and equipment requirements and costs per
acre per year for the first year of a 5-year crop-and-pasture rotation,
Belisville, 3 d., 1946-50*

Time per acre per year for—

H t 1

Plow-
Hems . : Piant- § Har- Cost
Spread-; ing, | >" By Total {_
fng ma-disking, mé;”‘gi“d "}.%Sf;?g thne |DUF RCTC
nurg {harrow- \'ﬂ.till- i c-
ing g ! g

Minutes|linuted Afinuies Afinutes
170 B4 440
Manure scoop

Manure spreader

Plow, moldbeard, & 14-ineh..
Harrow, disk, tandem, 8-foot_|.
Harrow, spring-tooth, 10-foot.
Corn planter, S-row____. . i . . ..
Corn cultivator, 2-row._____. ' :
Field forage chopper. o __.._

Stationary forage blower_.___ :

Truek . | N

Tractor Y i)

Total cost | : ' ; 25.

' Corn for silage. Disked twice, spring-tooth harrowed twice, cultivated
twice; harvested with field forage chopper and dump trucks, averaging 8 loads
per acre; all machinery operaied by tractor. Al manuring costs charged to
the corn crop,
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TasLE 19.-—Awverage labor and equipment requirements and costs per
acre per year for the second yeor of @ 5-year crop-and-pasture rota-

tion, Beltsville, Md., 1946501

Time per acre per year for—
Disk- | Seed- | Bind- | Haul. | Clip- Cost
Tiems ing, ing ing ing, ping per
 har- | wheat,| and |[thresh-] after | Total] scre
rowing, | grass, | shoek- | ing, fall titne
ferti- leg- ing |storing| pras-
lizing | umes | wheat | wheat ing
Minutes| Mindes| A wtes| Minwtes| Afinutes| Hours | Dollars
Labor___ . _______._____ 144} 164 244 312 24 H4, 73 | 100 16
Harrow, disk, 8-foot. ... A6 | cammmlemme e .77 .20
Harrow, spring-tooth, ©
10-feot ..o _' 11 2 OO R R M .83 .12
Fertilizer spreader___. _; P 2 VU SO U SV .37 .15
Grain drill, 8-foot__ ... |, 2 P SR P ¥ § .16
Cultipacker, 8-foob. . . > .| 22 | .. - & BT
Grain binder, 6-foot, ... ___. ! 48 } .80 126
Thresher. __ ... .. I : . 290
Mower, 7-foot. . ___.. nmm—e .27
Wagon._______._.____ | S— .02
Troek___ o ... 1. 48
Tractor. . .. I 3. 74
Total cost__ ... ; _______ l ______________ ‘l ____________________ 20. 66

! Wheat, followed by fail grazing, All machinery cperated by tractor; fields
were disked twice, springtooth-harrowed twice, cultipacked ence; grass and legume
seed broadeast by hand; wheat harvested with a grain binder and threshed from
shack. All fertilizing costs charged to Lhe second year of the rotation in this

table.
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PERMANENT PASTURE COMPARED WITH 5-YEAR ROTATION 39

TaBLe 20.—Awverage labor and equipment requirements and costs per
acre per year for the third, fourth, and fifth years of a 5-year crop-
and-pasture rotation, Beltsville, M d., 194650 *

Time per aere per yvear for—
q Cost

Year of the retation, and item | Clip- Wi per

’ ping |Raking g-gi:;;g‘; Ferti- | Total | gere
andfor | hay hay - lizing | time
mowing y
Alin- | Min- | Alin- | Afin-

Third year:? wies ufes atfes uieg Hours |Dollars
Tabor . __ .. __ 2 TR P S, 1. 26 0. 83
Mower, 7-fool__________ 3 2 R [V 1. 20 . 82
Tractor oo - T [ DU, 1,260 .86

Tobtal cost_ - oo oe b e e 2. 61

Fourtih year:?

Labor. oo 88 30 230 .- §. 63 4. 57
Mower, ¥-foob_ ... __ 88 | 1,47 1. 00
Rake, side delivery, 10~

[ 57¢ A N <t I (Y I 1. 33 .81
Tield forage haler_ .|} ____.. 46 |aeoao LTT 1. 71
B 20 I FUU SRR g l______. 1,67 1. 34
Traetor. . oo 88 30 A6 focnn 3. 57 2. 86

Total 008k oo o] e e e e e e | am 12, 29

Fifth vear,s
Janbor_ ool &0 i} 115 44 4, G5 321
Mower, 7-foob__.____._ 80 | e e 1.33 . 90
Rake, side delivery- 10-

foob_ . e oo 1) I S [ .67 .41
Tield forage badero .| L Jeooo._ 23 .. .38 .84
Fertilizer spreader, (-

0T+ SRS ISR APPSR U 22 .37 .13
Truek i e EE) i .63 A E!
Trachor e ace e j |0 4 23 22 2. 75 2 .20

Total cost . oo e e 8 45

i 1

! All machinery operaled by tractor.
2 Grazing only; clipped 8 times fellowing grazing.
3 Two hiy crops and grazing; cach hay eniting raked twice; one toad of hay per
acre ot ench cutting. Pasture herbage clipped once following grazing.
4+ Grazing, 1 hay crop, grazing; hay crop raked twice; pasture herbage clipped

twice following grazing.
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TasLE 21.—Average labor requirements and all costs per acre per year
for a Kentucky bluegrass-white clover permanent pagture and for
c?’fips and, pastures in a f-year erop-and-pasture rotation, Beltsville,
Md., 1946-501

PERMANENT PASTURE

Costs per acre per year for—

Labor
required . Terti-
DEr 2CTQ) 7 0 hor Enfaléli:.ll?- lizer or! Seed | Land

manurg

Dgilars} Dollers | Dollars | Dollars| Dollars| Dollars
133 2 16
.83 1. 57
2. 90 4 32
. 83 1. 57
1.33 2 16

1. 44 2.36 |

YEart CROP-AND-PASTURE

First year: Corn (silapc) .| 14. 57 |10 . 86
Second year: Wheat, fall
grazing 14. 73 |10 . 50
Third year; Grazing____.! 1.20| . .78
Fourth year: Hay, hay,
grazing 6. 63 . .72

Fifth year: Grazing, hay,
i 4 65 ] 3.21 . 24

8.36G | 576 . 22

" 1 Labor and costs are charged to the year in which they occurred.
? Fertilizer, 0-14-14 or 0-14-7,
¥ Barnyard manure, charged at its fertilizing value.
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Tabre 22.—Average yield of TDN per acve per day by 5-day intervals
throughout the season, for a Kentucky bluegrass-white clover per-
manent pasture and for orvchardgrass-Ladino clover pastures ¢n a
5-yeqr crop-and-pasture rotation, Beltsville, Md., 1946-60

Perma- Year of the rofation
nent pas-
bure Fhird Fourth

Fifth Average

Pounds Pounds Pounds

June




chardyrass-Ladino clover fields and bromegrass-Ladino clover fields, Beltsville, Md.

Year of the r‘otation, and field

Third !

~

Fourth 2

Fifth 3

Average

Orchard
grass

Brome-
grass

Orchard-
grass

Brome-
grass

Orchard-
grass

Brome-
grass

Orchard-
grass

Brome-
grass

Pounds

et et 5 O Tt bk 00 00 00 00/ 00 =T Hix T = S > — 00 00

Pounds

Pt i s a AT T AT ST AT T T 6060 G0 0080 00 00 2 O 1D

Pounds

QUTTOTIN oW WL NWWWWNINNIND DY

Pounds

~J 000000 00000000 OO00000DDDODUTTTUT UTUTHD M= =

Pounds

DO e e H 00 00 (0 e i et R D D O

Pounds

SO TIUNMITIOTNMINNCOCDODOO T O =

Pounds

Pt DD ©0 i i b it 25 T T 00 6 €0 < €0 60 B b9

Tasre 28.—Average yield of TDN per acre per day by 6-day intervals throughout the season for comparable or- &
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TasLe 24.—Composition of the green pasture herbage at different times of the year, for a Kentucky bluegrass-white
clover permanent pasture and for orchardgrass-Ladino clover pastures in a 5-year crop-and-pasture rotation,
Beltsville, Md., 1946-50*

Composition of the dry matter Estimat-

T - l . ed total

ime of the year, and pasture ? T digest-
Ether Crude Nitro Total ible

| extract fiber ash nutrients

Protein gen-free:

extract

Calcium |Phosphorus

Spring (first grazing): Percent | Percent | Percent | Percent Percent Percent | Percent
Permanent pasture. .o.ne. ool - 16, 4:4:0.7] 3. 3:£0. 2125. 8L 1. 047, 34£0. 77, . 34:40. 01|171. 6+0. 4
Third year of the rotation . 18,04 . 703, 14 . 124, 0L 1. 2/46. 84 . . 304 . 02172, 54 . 5

5 .38k .02173. 5% .6

394 . 02170, 14 1.
.324 . 08]72.3% .
.35 L 0171941,

CA5d L 02170, 1%
L35 L0173, 441,
L34t L 02172, 54,

. 372k .02{70.1
. 31k LO0NT7301
.06 . 324 , 0272, 6

1 5

Fifth year of the rotation 23,64 6] 4.1+ 11994 . 6{43. 31, 4
Early summer (second grazing):

FPermanent pasture. oo ooa w1838 . L8 L 1122 44 . 5146, 741, 0

S

6

Third year of the rotation... ... ... . 18. 34 .30 3.2 3125, 6% . 744, 44 .
Fifth year of the rotation .. ... . 19240 1 3. 74 . 125, 34 . 6/42, 9=k
Late summer (third grazing):
Permanent pasture. ... ... .. 18. 6 .8 4. 3:£2 012101 0M46, 41 5
Third year of the rofation. . . S 20. 11, .5k, 2i25. 041, 041, 84 . 4
Fifth year of the rotation. .. ... PR O . 394 .1125. 3 L 742 141, 0
Fall (fourth grazing):
Permanent pasture .o ol LanL 018,3:E 1 L0 0121 7 L 8754101
Third year-of the rotation ... ... .7, ... 2120, 84 . 9f 3. 7 . 12234 . 844, 34 . 7
Fifth year.of the rotalion . . .. ... 2L 841 1] 4. 24,2121, 74 . 842, 8+ . 4

Poo . DN
o -
e Y]

SwH  RE®

TSI Do

1.
* .
+1

! Mean average, not weighted.

>The herbage for the permanent pasture was clipped periodically from protected cages, as the pasture was grazed continuously.
Time of the 4 grazings for the third and fifth vears of the crop-and-pasture rotation: First, May; second, early July; third, late August;
fourth, October,
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