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'Permanent Pasture Compared with a 

5-Year Crop-and-Pasture Rotation for 
Dairy Cattle Feed 1 

By.T. B. SnEPlIEllD/'R. E. ELY: C. H. GonnoN, and C. G. "IELIX, Da.iry JJu811anllrJl 
Rcsea,.c7~ Branch; amI R. E. 'VAGNEIt and ill. A. TY":IN, Pield Crops Research 
Branch, Agricultural Research Scrvice 

INTRODUCTION 

Pastures that provide an abundance of good graz.ing are a necessity 
on most dairy farms. Properly managecl pastures provide in the best 
form the feed best suited for dairy cattle. The exercise of grazillg 
and the beneficial efl'ect of sunshine help to keep the c.attle healthy and 
functioning normally. The type of l:ll1cl used for pasture and the 
kind of pastme vary considerably with the locality and the individual 
farm. 

• 
~lost farms have some l:llld which, because of its topogra.phy or 

its closeness to barns or streams, or because it is stony 01; 'vet, can be 
used more advantageollsly for permanent pasture than for til1Rge. 

On land that is suitable for tillage as "'ell as fJr pastme, the 
farmer's problem is to determine whether he shouldllRve part of the 
hmd in permanent pasture and raise harvested crops on the remainder 
or whether he should farm all the tiHable l .. nd aml depend for pasture 
on grass-legume crops grown in rotation with other crops. 

There is some evidence that pasture crops of grasses and legumes 
grown in rotation with other crops wi]} outyielc1 well-managed 
permanent pastures of Kentucky bluegrass and white clover. On the 
other haneL in regions where I(entncky bluegrass is well adapted, no 
other crop is surer during favorable growing seasons anclno other 
will better withstand tramping and adverse weather conditions. 
FurthermorE': there is less likelihood of bloat in pasturing bluegrass. 

REVIEW OF LITERATURE 

llelatively few studies have been con.eluded to compare directly the 
production of crop-and-pasture rotatIOns ~llld permal~ent pas~u~es. 
Alllgren (1)·1 has recently prepart'~l a l'e:'lew of sh:ehes p~rtanl1ng 
to tIllS subject. Only the more pertme~lt hteratur~ WIll be CIted here. 

• 
Some of the first fI.nd most extensrve comparIsons of crop-a.nd

pasture rotations and permanent pastures have been ~ade .in Great 
Britain. In presenting a strong case for ley farmmg In Great 

'Submitted for publication December 2, 19.55. 
, Retired May 31, 1953. 
, Now with Office of Experiment Stations. 
• Italics numbers in parentheses refer to Literature Cited, p. 32. 
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Britain, Stapledon (26), il.1- 1\:)38, sbtted that even the best permtUlent 
grass has lI: shorter growmg scason than a sequence of good leys. 
He also pomted ont that leys are much better adapted to hay and •silage malting tlu!,n .are permanent pastures. . 

Roberts and ,VIllJams (fJf3) compared a pnsture seeded to a mixtmc 
o.f ryegrasses (Loli1l1n spp.) , orchal'dgrass (Dact!/lis glomemta). 
tlmothy (Phleu177,. p'7'at~'nse), roughstall~ bluegrass (Poa tripialis), 
and reel c]o,:er. (1l'lfOllU1:'" 'P]'((tense) wIth a 'rO-Yl'(\.r-old peJ'manent 
pasture conslstmg prllnarIly of bentgrnss (Agl'ostis spp.) and yel\-et
grass (HolClls lana/us). These pasi'ures wrre gl'nzrd bv cattle and 
sheep. G:ain in liTe ,,,eight pel' aCl'r on'I' a 9-)'ear ])l'rl'o(l ,,·as gij.G 
percent ]ng]ler on the seeded pasture than on the perl11:lJ1rnt pnstul'e. 
The superiority of the sC'ecled pastlll'e did not apprul' to be. diminishing 
toward the enel of the period, and it was founel th(lt lambs failed to 
thrive some years on the permanent pnsture after about the middle of 
August. 

~-Iedelle (14) reported tllat; total gain in lin weight by sheep waS 
;l tunes greater on a J'esredrd past lire t-lmll on an 01(1 prJ'l11anrnt pas
ture over a 5-year period. The c1 i flerencr was attrihllted to the. la1'l!rr 
gains made in the early pn lot of th( sraSOH on the rrseerlrd 1a nd and 
also to the longer growi ng season. 

On the basis of studies conducted in '-:lrions locations in J.!jngland, 
Davies and1Vi1li:uns (11) stated that it would np1)enl' that the output 
of four-Hfths of their perma,nent' pnstmes woulrl )e in('rrnsec1 by ":ell 
over 50 percent by plowing and reseeding. Ellison (12) made a 
3-year com.parison bet,,-een gains of yearling wether lambs grazing 
on resceded al'E',lS and on nnJuml pasturr 011 open 11m hl11cl. The 
gain per head during the period ,ms 50 to GO percent greater on the 
reseeded land than on tlw nahmtl, l1nimproyC'd grasshnd herbage, • 
and the g!tin per acre 'YUS 10 times greater. 

Dallas and Bullen (9) f0l111el that oyer n is-year period le)-5 c:u'l'ied 
SO percent more stock than permanrnt pastnre and prodncecl 55 
percent more gain, From a consiclC'ration of varions studies con
clucted in Englnncl, Dn.,-ies (10) concludrd thnt', at 1l'n5t during the 
first; thrre seasons, lrys will yield more than wrll-manngrd old grass
lnnd. He J~ointrcl 01lt thnt the gain from thr .ky is nhout- 18 lw]'cent 
more thnn from first-class oM grasslands hut 1S onr 50 l)('rcent more 
than iTom nyerage or moclrrair grasslands. 

Pollitt (21) studied the e(frct; of agr on nlr yiplc1il1!2' ('nparit-y of 
sl'eclecl pas(:Ul'c. Hc reported n clrtrrnsC' in ~·iel(l of dry 111nHpr, 
a.lbuminoids, and carotene as n swnrd grows oldl'I'. This clei:eriornJiol1 
:tppears to be at its maximum rnte in nhOllt the Jonrt-h year. His 
results show that yield nppen]'s to :tpp1'o:1('h a 1110re or kss conshmt-. 
level by the seventh ),r:1,r. at fl. point ahont hro-thil'cls t'hat of I'he first 
3 years-

Bates (6) concluded studies to determine 01(' CHnSl' of dei'(,l'iornJion 
in leys anel also the reasons why n new ]ey usually is more productive 
than the permnnent pasture that pl.'<.'ced<.'d it. Of the several factors 
responsible for reduction in yields, Bates lists the primm'y cause as 
the accumulation of n mat of dead root matrrial below the soil surface 
and an increase in the num11er of tillers. He stated that the sward •becomes choked, and. the condition ],l'semhlcs that. of a potbound plant. 



3 PERMAl.~ENT PASTURE COMPARED ·WITH i)-YEAR ROTATION 

• Gorton (13) reported that, on irrigated Jand in eastern Oregon, 
permanent bluegrass (Poa l)1'atensis) pasture produced 152 animal
unit days of grazing per acre as compl1Ted with 240 for pasture seeded 
to tame grasses. High yields were associated with low costs per unit 
day of grazing. 

VHote (16), from data collected in Missouri, concluded that 
pastures in a crop-uncI-pasture rotation. are substnJltially 111.0re pro
ductive than permanent pastures. 

Bechdel and others (7) reported that, in studies at :Montrose, Pu,., 
pastures in a crop-a,nd-pasture rotation produced far more graz.ing 
than pern1lLnent pastmes uuder favorable fertilization anel 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 penna
nellt pastures after July, a. time when the extra feed was most needed. 
During a 3-year period, the field in the rotation that was grazed all 
season. by dairy cows produced 51 percent more total digestibJe 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 and15G 
percent more grazing after that elate. Another point in favor of 
the Ladino clover (Trifolium, 1'epens "\Tar. Ladino") -orchardgrass 
combination m'et' the impro\"ed permanent pasture was that the crop 
hurV"estf'd from the former contained 13.5 to 17 percent of crude 
protein as compared with 11 to 13 percent for the hUeI'. 

In Ohio (fJO), bluegrass-white clo,er (T1ifoZiwn repel"L8) permanent 
pasture provided an llverage of 41 days of grazing m1llunJly over the 
3-year period 1940-42 as compared ,yith over 100 days for a clover
alfalfa (JIledicago sativa) -timothy pasture in a crop-and-pasture 
rotation. Both were limed and fertilized. 

Moran (I8) found that abnndant 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 
I:he hot, dry period of July and August. 

Studies conducted byT,:""an Horn and Dawson (;29) from 1£)-:1:3 to 
1946. inclusive, showed that unfertilized bluegrass pasture produced 
an a,Tcrage of 1.049 pounds per acre of total digestible nutrients as 
compared with i.478 pounds for fertilizedl)luegrass and 1,783 pounds 
where bluegrass'sod 'was plowed, fertilized, :wd seeded to ol'churd
grass, b1uegrass, anel clover. On land that had been in field crops for 
several years, an orcharc1grass-Ladino ~lover p;~sture furnished all 
average of 3,160 pounds of total digestIble nutrients per acre

• 
011e of the most comprehensive studies in the United States COI11

paring pastures in a crop-and-pasture rotation with permanent pas
tures was conducted by Ahlgren and others (93) at Wisconsin clming 
the perioel 1944.-49, inclusive. Comparisons ·were made of (a) per
manent bluegrass pasture, (b) renovtlted bluegrass pasture, (c) blue
gmss pasture in rotation with corn and oats, and (el) a, mixture of 
smooth bromegrass (B1'07n1tS inel'rnis) and alfalfa jn rotation with 
corn and oats. The rotations consisted of II year of corll, lL year of 
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oats, and 4: years of grazing. The bromegrass-a.lfalfa pasture in the 
rotation was most productive. It produced substantially more pas
turage during the 4-yerLr period 1946-41), inclusiye. than the perma
nent pasture produced during the entire 6-year l)eriod of grazing. 
The bluegrass pasture in the rotation and the renovated bluegrass 
pasture produced about as much grazing in 4 years as the permanent 
bluegrass pasture produced in G years. III addition to the pasturage, 
the rotations produced an average of 17.4 tons of corn silage and 
64.2 bushels of oats per acre in 11)4± and 1945, respectively. 

OBJECTIVES AND SCOPE OF THE BELTSVILLE 

EXPERIMEN"f 


The objectives of this experiment ,,-ere (ft) to meaSure the nature, 
quantity, and distribution of the l1utl'ienb; provided for dairy-cattle 
feed by an improved Kentucky bluegrass-white clover pasture as com
pared with a 5-year cl'op-and-pasture rota601l cOllsisting of 1 year of 
corn, 1 year of wheat, and 3 years of a seeded mixture of orchardgrass, 
Laclino clover, and red clover; and (b) to deterln ine the relative cost 
of producing nutrients by the 2 systems. 

The experiment was started in 1944. Beginning in 1946, the 5-yenr 
rotation "was in fun operation. At this time the experinll'nt 'was ex
panded to include a comparison of smooth bromegrass ,,-ith orchard
grass by seeding the former instead of the latter ill the grass-legume 
mixture on one-half of each field. 

Six 4-acre fields were used. They were each lLpproximately 700 
feet long and 250 feet wide, located side "by side ill one continuous 
tract. The arrangement of the fields and the sequence of crops in the 
rotation are shown in tabJe 1. 

The permanent pasture (check) was usecl only for grazing. The 
corn crop (first year of the rotation) ,vas made into silage. The 
wheat (second year of the rotation) WliS 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, 
grazing only the third year, two (',l'OPS of hay and fall grazing the 
fourth yetU', and early spring grazing followed by one hay crop and 
grazing to a late date the fifth year. The results reported here are for 
the 5-year period 1946-50, inclusive. 

'l'he fields were on level to slightly s10ping land. The. soil was 
principa1ly Sassafras silt loam of only medium natural fertility. There 
were some slight differences between plots in topogmphy, 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 pnsture, was about equnl in fertility to the average of the 
other five fields. 

All the fields were in permanent Kentucky bluegrass-white clover 
pasture during the 14-year period, 1929-43. Before 1929 they were 
cropped with a corn-oats-alfalfa rotation. The soil had been limed 
as needed for alfalfa and the grass crops. Barnyard manure and 
commercial fertilizers had been used in moderate quantities. 
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• 
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TABLE 1.-A1'rangement 01 the expe1imental fields and sequence of crops in the crop-and-past~ll'e rotation, Beltsville, 

-
Year Field A Field B I 

! 
1946___ "'heat, fall pas

ture.
1947___ Pasture only___ .. __ 

1948___ Hay, hay, pasture_ 

1949___ Pasture, hay, pas
ture.Corn__ . __________ 1950 ___ 

l'asture only ______ 

Hay, hay, pasture_ 

Pas!;ure, 11ay, pas
tum.Coru ____________ 

\Vheat, fall pas
ture. 

111d., 1946-50 

Field C (check) 

Permanent pas
ture. _____ clo___________ 

____ .clo___________ 

_____do___________ 

Field D FicIci E I 

Hay, hay, pMture_ 

Pasture, hay, pas
ture.

Corn _____________ 

Wheat, fall pas
ture. 

_____ c1o_~------j Pasture onIy______ 

Pa~ture, hay, pa~-
ture.Corn _____________ 

1 Wheat, fall pas
ture. 

Pasture only______ 

Hay, hay, pa~ture_ 

~ 
[Jl 
1-3 
q 
P:fFicIci F t;'j 

0 
0 

Corn. a::: 
~ Wheat, fa)) pasture. P:f 
t;'j 

Pasture only. t::1 

:aHay, hay, pasture. .... 
~ Pasture, hay, pas
entllre. I 

;3 
~ 
P:f 
0 

~ 
~ 
0 
!2: 

~ 
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EXPERIMENTAL METHODS 

Tillage, Seeding, and Fertilizing 
The pasture sod was plowed in late fall or early winter for corn. 

The corn was spaced 10 to 14 inches in rows 42 inches apart. The corn 
ground was disked for ,,,inter 'wheat. The wheat was seeded with It 
grain drill. Grass seed Was bl'oadcast in the wheat shortly after it was 
seeded, and then culti packed. The legumes ,,'ere broadcast ill the 
wheat the following spring, usually in late February or early March, 
while the ground 'Wl1,S still freezing and tha;wing. 

The seeding rates per acre were: Hybrid corn (U. S. No. 13), 8 to 
10 pounds; 'wheat (Leapland), 60 pounds; orchardgrass, 6 pounds: 
smooth bromegrass, 10 pOlmds; Ladino clover, 2 pounds; and medium 
red clover (Kellland), 3 pounds. 

The pH ofthe soil ,yas determined, :l11d all fi.elds had a pH sufliciently 
high for grasses and legumes (6.3 to G.6) exc('pt field F. Ground lime
stone was applied to this field at the rate of 1 ton pel' acre. 

'Vell-rotted barny:1l'd mm.1Ul'e was n,pplied to the permanent pashu'e 
at the rate of 10 tons per acre in the winter of 1047--48. It was applied 
at 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 ftpplied to the 
permanent pasture at the raj-e of 400 pounds per acre in the fall of 1945 
and again in the f:tll of H149. It was applied at the sn.me rate to the 
corn ground just before the p:l'onnd was disked for wheat. Another 
400 P01Ulc1s per acre was applied to the grass-legume sod in the fall 
prior to the fifth year of the crop-and-pasture rotation. 

Hal'vesting, Gl'azing,. and Pasture Management 
'l'he corn grown was rich in grain. It was cut for silage "then the 

kernels were at ll. "dough to glazing" stage. A field forage chopper, 
dump trucks, and a sta60nury forage blower were used. The silage 
was stored in a conventional tower silo. 

The wheat was cut with a 6-foot grain binder and threshed from the 
shock. The straw was baled at threshing tin1e. 

The grass-legumes ill the crop-and-pasture rotation ,were cut for 
hay when the grass was at an early to medium hay stage. The hay 
was either field 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. Tl~e division gate wa.s then left open and 
both fields were grazed contmuously the remalllder 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-pastm'e rotation were grazed 1'0
tationally, Grazing was not started in the spring until the herbage 
had attained a 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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• 
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PERMANEN'l' PASTURE COMPARED WITH 5-YEAR ROTATION 

10 days to 2 weeks. The pastures 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 faU 
as possible. 

All pastures were clipped following grazbl.!!.", 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 Gl'azing Cows and Supplemental Feeding 
Jersey, Holstein, and crossbred cows of pure dairy breeds were used 

for grazing. During the peak season of grass growth it was necessary 
to use cows in various stages of lactation and also some dry cows. 
No cows were used within 30 days after freshening or within 60 days 
of calving. The wws ,ycre 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, Jiye weight, stage of lac
tation, stage of gestation, :md milk production. The cows were not 
switched from one type of pasture to another. 

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

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

Evaluating the Grazed and Harvested Forages 
The relative abundance ancl proximate analysis of the forage avail

able for grazing was determined on the permanent pasture with forage 
clipped by hancl at intervals throughout the summer from small areas 
(4' x 4' x 18") protected by wire cages, and on the grass-legumes 
in the crop-and-pasture rotation with forage from measured 
(36" x 30') randomly located strips cut with a smaU sicldebar power 
mower just prior to each grazing. 

Samples of the forage from five cages or strips from each field were 
used for each determination. All the forage cut from each cage or 
strip was weighed, and representative samples wel'e taken for deter
mination of dry matter and pro~imate 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 hours, using forced air heated to 
1600 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 Oflicial Agricultural 
Chemists (5). 

3723Hi-56-2 
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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
htion counts ,,,ere made on replicated, randomly selected areas with 
a lO-point quadrat. 

Calculating Yields of Total Digestible Nutrients 

The yirlds of total cligestibk nutrients (TDN), as meflsured by graz
ing, were determined by (1) cfllcuhting t-he TDN requirements of the 
grazing cows, (2) subtrading the TDN consumed in snpplemental 
feed, :md (3) crccliting the diifcrence to the pastme. This is substan
tially the method recommended by the .Toint Pasture Committee (.4.). 

The average liYe weight of each cow was determined from weights 
obtained on 3 consecutive days at the beginning of each experimental 
period on the pastures in the crop-and-pastnre rotation, and her gain or 
loss in weight \yas determined from weights obblined on 3 consecutiye 
days a,t, the end of eaeh period. Com:; grazing cOiltinllously on the per
manent pasture m~re \yeighed Oil 3 consecutiyc clays at the beginning of 
each month. 

The milk prodnced "'as -weighed at each rnilking. Every 10 days II 
composite of al iquot. samples of milk from 4 consecutiye mil kings ,yas 
tested for butt-erfat ron tent by the Babcock test. 

All supplemental feNls Jed am1 (my reJw~mls ,yere ,~·eighec1. The 
dry-matter content and the proximate chemIcal analysls of the feeds 
fed and of the ,,-eighbrrcks were determined hom samples taken peri 
odically. . 

The TDX content or tIl(', snpplemenhll fel'c1s mlS IH1SNl on their prox
imate chemical analysis and on :Morrison's estimates of the digesti
bility of similar Jeeds (1.'J). The TDN requirements of the grazing 
animals for maintenance and for milk production were based on the 
average of :Morrisou's standards for dairy cows (19). The TDN re
quirements for change in live weight recommended by Knott, Hodg
SOl1, and Ellington (7/) "-I're llsed-namely, +3.53 pounds for each 
pound of gajn and -2.7:3 pounds for each pound of loss. 

The TDN content of thl' Q.Tl'en corn harvested for si1age and t.h:tt of 
the wheat grain were caleuln,ted from their dry-matter content and 
their proximate chemic-al analysis compared with the proximate analy
ses of similar fl'eds and their digestibility for cattle as shown by 
Schneider (2-1), nsing t-llC regression ('oeflicients for cattle proposl'cl 
by Schneider and others (125). 

The TDN content; of the grass-legume hay and that of the green 
herbage cut from cages and mower strips were calculated from their 
prm.-:imate chemical ana.lysis, llsing the regrl'ssion eoeflicient'3 for cat
tle proposed by Sehneider allCI ot'hers (:24) for ff'Nls on which digestion 
trial data. are limited or llQnexistent. 

The TDN conten t of the harvested forage 'Y:lS ell leu lnt.ed on the basis 
of the crops as stored and also on the basis of the crops as fed, using an 
arbitrary deduction :18 a minimum storage loss. The deductions made 
as storage Joss were 15 percent for corn'silage feel ont: the same season 
it was stored, ancl5 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 cOl~
ditions for crop production were perhaps as near average for the local
ity as could be expected. However, therewfis considerable variation 
in these conditions from year to year. 

TABLE 2.-1I1ean tmnperat161'e and minfall, by months, Belts1;iUe, lIfd., 
1946-50, as compa1'ed with the f20-yea1' avemge 

l\1EAN TEMPERATURE 

l'donth 1!l,lG 1.!l47 1948 1!l4!l J!l50 20-year 
average l 

--  --  ---
January __________________ 
February _________________
lVIarch____________________ 
ApriL _________________ .. __
l\1ay _____________________ 
June _____________________ 
July______________________ 
August___________________ 
September________________ 
October____________ . ______ 
November ________________ 
])ecember _________________ 

of. 
33. 1 
36.5 
48. 9 
51. 8 
62. 1 
69.1 
72. 7 
60. 2 
67.1 
57.6 
47.2 
37. 2 

" F. 
37.7 
27. 8 
36. 3 
52.3 
62.1 
68.7 
72.5 
75. 2 
66. 9 
60. 3 
41. 9 
31. 7 

o F. 
25. 2 
31. 3 
43. 5 
63.3 
62.8 
69. 9 
75.2 
72.8 
61. 0 
.52.6 
4.7.9 
35.8 

o F. 
3!l.5 
39. 3 
43. 4 
50. 2 
62. 7 
69. 8 
78.3 
74. 4 
63.3 
60. 0 
43. 5 
37.8 

o F. 
42.9 
34. !l 
37.8 
48. 6 
61. 0 
6!l.1 
72.8 
72.0 
63.6 
57.0 
43. 7 
31. 4 

o F. 
34.3 
34.0 
42.6 
51. 6 
62.8 
70. 9 
75.0 
73.4 
66.5 
56.4 
45. 3 
35.2 

Yearlyaverage ________ 54.4 52. !l 53.6 55.2 52. !l 54. 0 
I 

PRECIPITATION 

Inche.~ Inchc,~ Inches Inches Inches Inchc.~.January________ •_________ 1.56 3. 74 4.57 4.96 2.19 3.31February_________________ 2.69 .88 1. 5n 3. 70 2. 72 2. 42l\1arch____________________ J.82 1.08 4.35 3.02 3. 46 3.45ApriL ____________________ 1. 75 3.97 2.26 1. 95 1.58 3. ]0lVIay _____________________ 6. 37 4. 91 8. ]0 4.81 4. 59 4.08June _____________________ 2.04 7. 34 6. 67 2. 79 4. 32 3.35July______________________ 3.35 3. 72 4. 78 3.68 5. 42 4.40August ___________________ 
'1. 11 5.91 5. 29 3.75 6. 36 4. 82September________________ 4. 32 3.13 2. 67 3. 54 7. 07 3. 96October _____________ -- ____ 2. 86 1. 69 3. 73 3.09 3. 16 3. 35November ________________ 1. 2t .5.56 5.5·1 1. 26 3. 58 2.99])ecember _________________ 2.01 1. 48 5. 07 2. 14 3. 44 2. 86 

Yearly totaL __ -----_ 34.09 '13. '11 54.62 38. 69 47.91 42.09 

1 1931-50, inclusive. 

The 1946 !!Towing season was considerably drier than average in 
April and~fay and again jn 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 growin~ season started 
late. However, there was plenty of rain throughout tile growing sea
son with bvorable conditions fOt" forage-crop production. In 1948, 
there was again an abundance of rain throughout the growing season, 
and cropping conditions were generally 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, [md some pastmcs were rotationally grazed once 
less than usual. 

The 1950 growing season was g(,l1erally fn.yorable for forage crops. 
Howeyer, April was YCl'Y dry, and a period of very hot, dry weather 
occ11l'lwl the last half of .Tuly n.nd the first l1n.H of August. Forage 
gl'0'yth ,vas aclversely atl'rct('cl on I-JH~ ])(>rmnllcnt pasture and the 
second year of the, Cl'op-tllHl-pashn'e rohll'ion (fall gr:1zing 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. 

TABLD 3.-A'v(1,mge botanical composition of the ground covel' on (L 

[(ent1ld;y bluegrass-'I.vhite olover l'c1'77wnent z)astu1'e and on ol'chal'd
gl'Cls8-Lrtdino dOVe?' lJastw'es in ((,5-7/13([7' orop-f1IIUZ-past1l1'e rotation, 
Beltsville, J1fd., 1946-501. 

-- ,,----,-",-

Year of the rotation
1'('I'I11[l 

Gl'onnd COI'N nont ---------------- 
pasture Second Third Fourth Fifth 

----.----------------- ----
Percellt Percent Percent Percent Perrelli 

Kentucky hlucgl'tlHS___ ~ ___ ·~8. 8±2. 5 P. 2±0. 2 O. '~±O.·~ O. 6±0. 5 7. 0±3. 0 
Orohtlrdgl':lss _ _ _ ~,. ____ 1. 2± .7 30. 8±4. 1 38. 8±2. 8 43. 4±2. 4 40. 4±3. 1 

Total grn';H - ... ~ ........ fiO. 0±2. 7 31. 0±4. 3 30. 2±2. 0 44. 0±2. 4 47. 4±2. '1
~ 

=-=--=== 
Ladino clO\,()I'_~ ____ • _._ 0 33. 0±·1. 7 ·16. 2±'!. 0 39. ,1±1. 3 30. 4±2. 5-Red clol'er __________ 0 15. 'J±5. 5 .6± .2 J.O± .6 .2± .2
White clol"el' _____________ 17, 4±3. 7 0 0 0 0 

Total legumes______ 17. 4±3. 7 48. '1±8. <I 46. 8±'1. 1 40. 4±1. 1 30, 6±2. 4 

30. 4±5. 7 15, 2±4. fi O. 4±2, 6 11. 0±3. 4 7. 8±2. 8'Veeds __________________ 
BElre grouncL ____________ 2.2± .0 5. 4± 1. 2 5. O±l. <I '1. 6± 1. 1 5. 2± 1. 5 

• 


• 

• 

1 Plant populat;ion counts made with a point quadrat ench fall after the end of 

the grazing season. 
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The percentage of bare ground was low for all pastures. 'Ine perma
nent pasture was weedier than the pastures in the crop-and-pasture ro
tation. Both kinds of pasture were weedier L""l 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-third Ladino clover, one-sixth red clover, and on('
sixth weeds. There ,vere 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 area to 7 percent of the ground cover at the end of the fifth 
year. Total grass gradually increased from 31 to 47 percent. Total 
legumes gradually decreased from 48 to 40 percent. The stand con
tained more leg,Ulnes 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 
Tor each of the means of the various items by years in the crop-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 a particular item between years in the crop-and -pasture 
rotation do not include 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 
seasons 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 growin~ season. The data for the second year of the rotation in
clude the wneat 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 permMlent 
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 3 and 4 
percent, respectively. 

All herbage was relatively high in protein and calcium, relatively 
low in crude fiber, and contained ample phosphorus. The bluegrass
white clover herbage from the permanentpasture was slightly lower in 
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TABLE4.-Average yield and c01nposition of the green past~lIre he1'bage as grazed, Kentuoky blueg1'ass-'I.ohite olover l".l 

permanent pasture oompared 'I.oith orohardgrass-Ladino olover past~b1'es in a 5-1Jear O1'op-and-pasture rotation, 
B eZtsvile, Md., 1946-50 1. ~ 

~ 
Composition of the dry matter ll:l 

Estimated total digest-Dry matter I ~ Item per acre INitrogen- ible nutrients 2 l".lEther. Crude Totalfree Calcium PhosphorusProtein extract fiber ashextract ~ 
.... .... 
,;.POll,nds Percent Percent Pm'cent Pel'cent Percent Percent Percent Percent Pounds 

O. 38±0. 01 70. 3±0. 6 3, 905± 383. 7 ~,;.
Permanent pasture 3_ 5, 550 ± 553. 0 17. 6±1. 6 3. 8±0. 1 23. 1±0. 5 47. 2±0. 5 8. 3±0. 1 O. 86±0. 05 
Year of the rota ~ 

tion:
Second 4 ______ 2, 620±11l. 7 13. 9±1. 2 2.9± .1 29.6± .9 45.3± .8 8.3± .4 .83± .1 .28± .5 69. I±1. 1 1,812± 87.6 fJJ
Third 5_______ 6, 444±235. 8 18.8± .5 3.3± .1 24.6± .8 44.8± .3 8.5± .1 1. 02± .05 .32± .01 72.7± .6 4, 682± 164.3 

t;Fourth 6______ .84± .05 .36± .01 72.0± .9 1, 264±I71. 31, 754±240. 2 19.0±1.0 4.0± .1 25.6± .9 43.0± .7 8.4± .1 l".l
Fifth 7________ 4, 096 ± 359. 7 20.3± .6 3.9± . 1123. 9± .642. 9± .5 9.0± .2 .84± .04 . 35± .004 72.5± . \) 2, 969 ± 268. 1 >tl 

!"3 
0 

1 Cut from cages and strips just, prior t,o each grazing; samples dried with heated forced air. >:rj 

2 Estimated for cattle by the method of Schneider and others (25). >
3 Cages clipped 4 or 5 times each season. ' ~ 4 Mower strips cut twice each fall except in 1949; cut only once in 1949. Includes wheat stubble. .... 

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

6 Mower strips cut twice each senson in 1946 and 1947; once only in 1948, 1949, and 1950. Two crops of hay were harvested each 


year. ~ 
q

7 Mower strips cut. 4 times each season. One crop of hay was harvested each year. ~ 
l".l 

• 
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protein, particularly in the spring, tlULll 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, calcium, and phosphorus content. 

The estimatecl total digestible nutrient content of the dry matter 
of the clipped herbage (based on digestibility for cattle) averaged 
abc,ve 70 pecent for all the grazed forages except the fall grazing with 
wheat stubble included (second year of the l·otation). 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 
more protein lUld less crude fiber than the chemical analyses indicate. 
This would be true particularly for the second year of the rotation, 
when there was whetLt stubble in the fall grazing. 

In studying these data, the reader should keep in mind that they 
l.:epresent only the herbage above the clipping level. Small differ
ences cannot be cOllsidered of significa,nce from a grazlllg standpoint 
because: (1) There often is more herbage below the chpping level 
on permanent bluegrass-white clover pastures than on pastures with 
tall-growing mixtures such as orchardgrass-Ladino clover; (2) blue
grass-white clover pastures usually are grazed off closer to the ground 
than tal1-grmving combiJ1tttions; (3) cows practice selective grazing 
and may leave more of the tall-growing forttges; and (4:) more herbage 
is trttmpled and 11101:e is left uneaten when forage yields are high than 
when forage yields are low. 

Yield and Composition of the Harvested Crops 
Data on the average 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 in table 5. 

'rhe corn was heavily eared. It yielded as much dry matter as the 
grass-legumes in the third year of the rutation tlnd16 percent more 
than the Kentucky bluegrass-white clover permanent pasture. 

The wheat, seeded lightly as a nurse crop, averaged 28 bushels of 
grai 11 (with 12 percent of moisture) per acre. Two-thirds of the total 
dry I1HLtter produced by the wheat crop ,vas in the straw. 

The two orchardgrass-Ladino clover hay crops harvested the fourth 
year of the rotation produced a total yield of nearly 2 tons of dry 
matter per acre. The second cutting yielded Jess dry matter than the 
first cutting. The dry matter of the second cutting was a little lower 
ill crude fiber thall 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 was preceded 
by n, yer}' early grazing period. The yield was light, and it was 
slll1ilnr in composition to the second cutting of the fourth year. 

Grazing Conditions and Results 
Information on the time and extent of grning, live weight of the 

cows, supplemental feed consumed, milk produced, and total digesti
ble nutrients yielded by grazing on the pernument pasture and on 
the pastures in the crop-and-pasture rotation is summarized in tables 
6 and 7. 
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TABLE 5.-Avemge yield and c01nposition of the harvested crops as stored, 5-year cl'op-and-past1ll'e 1'otat'ton, ~ 
B eltsvilZe, J1fd., 1946-50 ~ 

---_.- ~ 
Composition of the dry matter 

Dry matier Estimated total di IYear of the rotation and crop harvested 2 pel' acre Nitrogen ge~tible nu trients 3
Ether CrudcProtein free ex AHh 

extract fiber ~ tract 
..... ..... .... 

Pounds Percent Percent Percent "Percent Percent Percent Pounds .... 
First year: Corn (silage) ________ . ________ 6, 468±753, 1 8, 8±0, 32. 1±0, 222, 5± L 161. o± L 64, 4±0, 370, 5±0, 34, 557±529, 0 

~Second year:
Wheat (grain) _____________ . ________ 1, 480± 96,613. 2± ,61. 8± .1 2,7± .180. 2± .42. 1±, 0388. O± .1 1, 302± 02.6 r.n _ Wheat (straw) _____________________ 2, 763±H6. 2 2.7± .] L O± .147. 8± ,542. 4± L 56. ] ± 1. ] --------- ------------

Fourth year: ~ Hay (first eutting) ______ . ___________ ,2, 238±148, 0112, 4± ,8\2.4± ,2\32. O± ,nI46. O± .5\6. 3± · ~!~5. 3±1. ~II, 237± ?3.8 'd 
Hay (second cutting) ________________ l1, 734±221. 816. O± .63,4± ,12!). 4±1. 343. O±l. 28. 2± · 2 08. 'H . ( 1, 012 ± 122. !) ;.J 

Fiftll year: Hay (cut after early grazing) ___ ll, 261± 123,015, 3± ,72.!H .230. 5±1. 343, 6±1. 27. 7± · 5Jii7. 6±1.0 726± 72, 1 
I o 

":l 

1 Corn as stored in the silo, wheat grain as stored in Ihe mow, and wheat straw and hay as stored in t,he mow, :.
2 Average date of harvest: Corn for Silage, Sept.. 4±n days; wheat, .Juno 25±'1 days; fourth year of rotation, first cutting hay, o 

I 
SMay 23± 5 days; fourth year of rotation, second cut.ting hay, .luly 18± 9 days; and fifth year of rotation, hay cut after early grazing, 

June 1± 11 days. 
3 E5timated for cattle according to Schneider and others (corn and wheat, 24,- hay, 25). 

l:::l 
t:.1 
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:.;-. ~j~ TABLE 6.-.tlverage time and extent of grazing and supplemental feed consumed 1)81' aore by cows on a Kentuoky ~r bl1l8gra~s-white cZove1'1Jel'manent pastm'e and by cows on o1'ohal'dg1'ass-Laclino clover pastu1'es in a 5-year Cl'OlJ '"f 

~ 

and-pastu1'e 1'otatio7t, 1JeltsvilZe, jJld., 194.6-50
__d ~ 

t':1 

... Grazing per acre Eeed consumed per acre i"3

ICalcnchw-days 

I 
~ 

Z 

Item grnzed I 
I Total grazing !ToLal milking Hay Grain ~ 

_~J_~_ __ days I days I ~ 
Q

Number Number Number Pounds Pounds oPermanent pasturc 1_________________- __________ ]86.0± 6. 1 241. l± 9.7 171. 8±34. 6 671±205.6 I, 633±278. 2 ~ 
YearSecondoLthe rotation: I'd 

2___________________________________ >16.6± .1. 3 74. 1± 10.3 44.3± 6.6 163± 4.0.5 39tH 58.6Third a____________________________________ :::1
30.4± 2.1 232. 6±H. 0 174. 4,± 16. G 660± 95.9 1, 428± 164. 0 t':1Fourthl___________________________________ 
H.O± 2.1 71. 2± 13.2 32. I)±JO. G 117± 48.9 320± 88.9 t::I

Fifth 6____________________________________ 5].O± 3.4 205. 0±1O. 2 138. 1±17.3 844±132.9 1, 31"1± 128. 6 ~ 

"5 .- 8 
1 Grazing began Apr. 23±3.0 and cnded Oct. 27±3.4j grazed rotatiollally in April nnd Mny and continllollsly thereafter. !I1 
2 Grazing begun Aug. 15±6.0 find ended Sept. 30±7.2j grar,ed 'rotatioIlally twice euch fall except in HHO when it; was grn1.ed only C;lI 

Ionce. <-<i
a Grazing began Mny li±2~5 and ended Oct. 15±7.0j grazed rotatiunally 4 times ench season except in 19'LO when it was f.!:rRzcd t':1 

~~3timM. . ~ 
:::1 

I Grazing began Sept. 3±6.3 and ended Oct. 5±9.0; grazed rotationally twiro each full in 19,16 anel 1047; once in the fall of 11)48,
1049, and 1950. :::1 

A Grnzingbegan Apr. 20±2.7 and ended Nov. 4±3.4j grazed rotationally 4 times ellch season wilh 1 light 1ll1~' cllt;ting between the o 
i"3

first and second grnzings. ~ 
8 z 
I-" 
~ 
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T"\BLE 7.-Ave1'age live 'weight l}el' cow, (tIul average net gain in ,weiglit, milk l)1'ochICCd, and total digestible nut1'ients >

t'I 
lJ1'ocl1wed Pel' aO?'e tr07/1, grazing c~J{ent1tCky bluegrc~s-1Vldte clollel' pC1'mCtnent pasture a.ncl orcllCtl'dgmss-Ladino Cd 
clove·), pastm'es in (t 5-yeaJ' C1'op-((1ul-p(~tll7'e 1'otation, Beltsville, .lId., 1[J4.6-50 ~ 

t;:j 
"3 
Z 

Item .... .... 
"'" "'" 
~ 
?l 
t::l 
l':I 
"lj 

!"5 
o 
~ 

;..
o 
::;l ......1 4-pcrecnt fnt-corrected milk. o 

~ 
~~ 
(.l.j 
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• From 25 to 50 cows were required at one time: for grazing, It waS 
necessary to use most of the cows lwailable, regardless of their level of 
milk production, Consequently, there "were some basic differences in 
the p:l'llzillg groups hehn'(,11 pastul'l';-; :111([ fl'om year to year on the 
Sllme pastul'e. but th('se difrerenc('~ tended to tlYera"'e out over the 
- ' l' '",J-yeal' pel'J(){ . 

For the 5-year period as a. whole, for the perlllanent pasture and for 
aU pastllres in the crop-and-pasture rotation, the nxel'age live weight 
of the ~o\Ys was 1;20D pOllnds and 1,lfJS pounds, respeeti\rely; dry cows 
compl'lserl 28.8 pel'c.ent and a:3.1 percent, l'espectiYely, of the total 
nUlllb~l' i. a\'ernge dluly production of 4:-percent fat-cor.rected milk by 
tlH' l1ulklllg' ('ows \\'as :3·\·..l: 1>01111(\;-; Hnd :m.o POlllHh;, l'espeetively i and 
by all eOws it "was :H.G pounds and :20.1 pound:::. l'especti\'elYi average 
hay consumption pel' cow daily 'was 2.H pounds aml ;"U. pounds, l'espec
ti\'ely; the aveJ'age ratio of grain Ted to milk produced "was 1: 3.62 and 
1: ;~.:rl, respecth'ely; am1 tll(' :r\'l~rngc consumption of TDX in sup
pJei1l('ntnl feeds was :}G.7 amI ;3-\-.1') P<'I'('pnt, l'(>spediH'ly, of Ole total 
nutrient requirement.

Only the pernlallPnt pasture an(l the third year of the rotation were 
lIse(l entirely as .!!1'azin)!. The pernul11ent pasture ,\'as grazed eadier 
i.n the. spring alld 1:11('\' in th(' Jall thull .th(' third year of the rotation, 
find it procllH'Nl :-;1 iglllly IHore grazi Ill! days and total digestible 
nutrients pel' aere. Ho\\,('v('l'. the third ,Yl'Hr of the rotation ontyielded 
tb(\ p(,l'mnnent, pa:;tme by 11 small mal'ginin HlclG and again in l!J50, 

• 
Grazing following ,two hay crops (follrth )'('ar of the rotation) pro

cluced slightly l'cwel' gr:lzing <hys and slightly mOl'e total d igestiblc 
nutrients pl'l' a('r(' than !!I':lzin!! fo]]o",in!! tile wh('at hal'vest (second 
~feal' 0.£ the l'o~ation). (h'az~l;g (,ltdy ill" t~l~ spring apd late in. the 
hilI WJlh (J1l(' light" hay (,I'OP 111 \)dwl;'('l1 (fIfth ),(,HI' of the l'otatlOn) 
extended the )!l':lzing season u('yond the llsual limits and produced 
only a06 poulldsless total digestih1e J1uf:ri('nts from grazin:r than the 
thinl yca.\: 0:1' the .rotation, and only 4+2 pounds less than the 
permanent pasture.

The. totn 1 digestible nutL'ients outa inNl pel' CO\Y daily from grHzing 
avem!!.·ed 11.'17 pounds for the pel'manent pasture as compared with 
an n.vel·agc of 1U;·1, ponnds io)' the thi I'd year of the rotation and 
11,76 pounds for all pastures in the rotation. 

Live-weight gains 1)('1' eow daily ltycra:recl 0.23 ponnd for .the per
manent pastul'e as eompar('cl with an n,Yel'age of O,2D pound for tlle 
thlr(l yeiu' of t11e rotation lln(l 0.40 pound fot' :t11 pastur('s in the 
rotation. 

Yield of Dry l\fatter and Total Digestible Nutrients 
Per Acre 

• 
Dntn. on the yield of dry matter anc1 total digestible nutrients per 

acre from the permanent pasture (grazmg) and from the 5-year crop
lUlc1-pastul'C rotation (grazing and hnl'\Testing) flre summarized ill 
table S. 

The permanent, pastul'e proclm'C'd an average of 5,550 pounds of dry 
mattei' and 2,R·j.2 pounds 01' total digestible nutrients per acre. This 
yield of TDN is (,([1IiY:l1enJ (0 177.:1 srnn(hrd p:rflzing days of 16 pounds 
TDN each. In other words, this :ri~~ld of: TDN would provide, hy 
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~ TABLE 8.-Avemge yield of dry matter and total digestible 11,ut?'ients lJer am'e, frO?n gmzing a pe?'1Jwnent past1we ,..:j 

and from, grazing and hw'vesting a 5-yeaJr crop-and-past1tre 1'otation, Beltsville, 111d., 19·16-50 f; 
"-

Permanent pasture (check) ___ . ______ 

Crop-and-pasture rotation: 
First year (corn for silage) ______ 
Second year (wheat and grazing) 2_______________________ 

Third year (grazing only) _______ 
Fourth year (hay, hay, grazing)_ 
Fifth year (grazing, hay, gro.z

~ing) __________ . __ . ___ ______ 

Average. ____ • ______________ 

.- t1 

TDX per acre 
t;j 

Dry matter per acre 
Crop as stored 

Pounds Percent POl/nds Percellt 
5, 550 ± 553. 1 100. 0 2, 842±217. 5 ]00.0 

6, 468±752. 'l 116.5± 7.4 4, 557 ± 52!.!. a 160. 3±22. 5 

'1, 100±166. 8 70.4± 7. G 2, 1O!H 156. ] 74.5± 8.2 
6, '14<1± 234. 1 116.1±10.6 2,70G± 53. 0 0,S.2± G.O 
5, 726 ± 377. 3 103.2± 6.7 3, 102 ± 21.'i. .'i 112.3± 60 

5, 357 ± 350. 6 06.5± 6.4 3, 126±137. () 110.0± 7.2 

5, OH)±3](1. 8 ]01.2± 5.7 3, 13R± 132.0 110.4± R 0 

1Deducted as storo.ge loss: 15 percent of cor.ij as stored in the silo; Ii PCl,,,)Ilt. of 11:1Y as siorerl ill th(' mow. 
2 Does not include wheat straw. 

~ 
t=l

I.Jes;; minimum storage loss 1 8 

POllnd,~ 
2, 8·12±217. 5 

3, 873±4,!!l -I 

2, JOO± 156. 1 
2, 70iH 53. 0 
3, 080 ± 200. 0 

3, ono± 131.·' 
--~-~~.~--

2, 072± J 17. R 
I 

H 
!;,'. 
...Pert;ent ... 

100. a 
,<..-.. '"'" -
:-1136.3±lRO 
[fJ 

U.5± 8.0 
t;;05.2± 0.0 I?l

108. 4± 5.0 'tj 

;'l 
lOR. 7± 7.7 

-------- o 
":l 

104. G± G. R ::
_______·_r __ o 
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PERMAi'iEN'l' PASTURE COll,fPAItED WITH 5-YEAR Ho'rATION 19 

• 
gruzing alone \yithont any supplemental feed, suiHcicllt TDN for a 
1,200-pound cow to maintain herself and produce 20 rounc1s of 4-pCl'
ccnt fat-corrected milk daily for 177.5 clays, 01' n. total of 3,550 pounds 
o~ llli]~. His also cq~ull to 5,684 pounds of high-quality, etlrly cut hay 
wIth 10 percent ofmOIsture. 

The 5-year crop-and-pasture rotation produced an average of 5,619 
pounds oj' dry 1l1a,ttel' pel' acrc, 01' only 1.2 pcrcent more than the perma
nent pasture. The third. fomth, and fifth years of the rotation uyer
uged IG.l percent more, 3.2 percent more, and 3.5 percent less, re
spectivcly, thall the perJ1lallcnt pasture. The 3 yeurs combined a\'er
aged 5,842 pounds of dry malter, 01' :).3 percent more than the pel'lna
llent pastme. 

The 5-year C'l'op-and-pasture rotation produced un average of 2,077 
pounds of TDN pel' aCL'e after storage losses for the silage and hay 
were deducted, or 4,a percent more than the permanent pasture. The 
third, fourth, tlndiifth years of the robltion averaged 4.8 percent less, 
8,4 percent more, and 8.7 percent more, respectively, after storage losses 
:fol' t1le hay were deducted, thitn the pel'l11:lnent pasture, The 3 years 
combinecl averaged 2,059 pounds of TDN, or 4,1 percent more than 
the permanent pasture. 

The corn and when,t crops combined (including grazing in tIl(' fall 
following wheat) produced an average of ~,9D1 pounds of TDN per 
acre per year after storage losses for the silage were deducted. TIllS 
was only 1.1 percent more than the grass-legumes in the rotation anel 
only 5,2 percent more thn,n the permanent pasture.

• Seasonal Distribution of the Total Digestible Nutrients 
Produced 

Data, on the seasonal (listribution 01: the TUN produced per acre pel' 
dn,y from grazing the permanent pasture, from grazing the third year 
of the crop-and-pnstme rot-ation, and from the hay crop and grazing 
the fOllrth and fifth years of the rotation arc summarized by months in 
table 9, and by 5-day intervals throughout the season in figure 1 and 
appendix table 2:2, 

In compal'ing the seasonal distribution of TDN produced, the dates 
011 which grazing was stn,l'ted on the permanent pastnre in the spring 
were used as n, base. 'l'he TDN yields obtained from_ the fi.rst l'otn,tional 
grazing 0-[ grass-legumes in fhe cI'op-and-pasture rotn,f:ion and from 
I-he first hay hn,rvest each season Wel'e pl'of'[l,tecl back to these (btes. 
assuming equal yields for eneh 5-day period based on calculations 
from proximate n_mtlyses and Schneider's regression coefficients for 
('attIc (524). TDN yields obtain('(1 j'l'o~n latel~-grnzings and hay lmr
vests were pl'orn.fed back to the elale of the preceding grazing or hay 
harvest. A 5-percent dec1nction ,,'as macle from the TDN produced 
by I'he hay harYc>sts, ns a minimum storage loss. 

o 

• 
All fic>l'ds reached their 1)(,:1k daily j)l'oc1nction of TDN in ~fn.y, The 

:wemge daily procluction of TDK in ~Iny \I'ns 10\\'e1' fol' {-]1(' thirc1 and 
fifth years of t-he crop-and-pastlll'e rohltion than for the perll1ftnent 
pasture hut was eonsiclC'I'ahly higher -for the :fourth year. 

Daily production 01' TDN dropped sharply ill all fields the latter 
part o-fl\[ny, the ral'e of decli1le slowin!!,' (10\\'ll anclle\'eling off hl .Tune. 
The :1Yerage in ,Tnne was appreciahly'higher 1'or the 1'O\lI'l:h nncl fifth 
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Crop rotation' •/ orchardgrass-Ladino clover 
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l!'lGum;: I.-Average production of 'I'DX per acre pel' day throughout the season 
from grazing 11 Kentucky bluegrass-white clover permanent pasture anll from 
the hay crop amI grazing orclllll'<Igrass-Ladino clover pastures fOl' 3 years of: a 
5-year crop-and-pasture rotation, Beltsvilie, l\Id., 1940-50. 

TABLB 9.-Avel'age pI'oduction of total digestible 1L1ttl'ients pe1' aCl'e •
daily, by 1JWnth8: on (t [(entllcli:y bhteg1'a88-1vhite clOVe?' pel'lIUl:nent 

7}a8t~tl't? and on 0I'chardrJ'I'U88-J:arlino 07011e1' 7}a8t1treS in a 5-year 

cl'op-and-1Ja8tw'e -rotation, Beltsville, lJId., 194.6-50 1 


---------:------.,-----~---------"---'-----

l Year of the rotation 
::\{onth P~:~~ll~II;.~nt!__--_---------------

I Third Fourth Fifth A reragC' 

Pounds P01Ul.tiS Poul/d.~ Pounds PUlll!d.~1'1ay______________ _ 
26. 6±5.-I 23. fl±3. 4 36. 2±,1. 2 22. 8± I. 5 27. U±3. 0June____ "" _______ " __ Hi.4±2.-1 H.2±l.O 18. I ±2. i5 HI. 3± 1. 3 17. 2±1. 7July ______________ _ 
10. 4±2. 3 13. 1± 1. .1 16.7 ± 1. 3 1.5. 7:L2. 0 ]5.2±1.4August____________ _ 10. 8±2. I ] 3. !l± 1. I 12. 7±2. 0 11.!l±1.0 12. 8± I. 6

September_________ _ 15. 0±2. 8 1.3.8±1.4 8.1±1.8 8.4± . I 10. ] ± I. 3
October___________ _ 10. 7±1. 5 7. 0±1. I 3. <I ± I. 8 0. 2±1. OJ 5. 5±1. 3 

l Complete seasonal distribution shown in figures 1 and 2. The dates on which 
grazing was started on the permanent pasl;ure in the spring were used tlS a base. 
The 'l'DN yields obtained from the first rotational grazing of the pastl1l'l!s in the 
erop-and-pasture rotation and from the first hay Imrvesl, each season were pro
rated back to these dates; I;he TDN yields obtained from later gmzings and hay 
harvests were promtcd back to the date of the preceding grazing or hay harvest. • 
In these data, 5 percent of the total digestible nutrients WIIS deducted from the 
hay harvests ItS a rnil\irnum storage loss. 
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PERMAlII""ENT PAS1.'URE COlVIPARED WITH 5-YEAR ROTATION 21 

yea.rs of the 1'0htdol1 than for t:h{' permanent pastun~ bilt was lower 
for the third yettl'. Also, clm'ing .Jnne, dally production of TDN 
dropped considerably lOWN' for the permanent pastul'e than for the 
pastures in the rotation. .Therefore, flyernge daily production of 
TDN was considerably higli<.'r during .July and ..\ugnst for the pas
tures in the rotation than for the permanent pasture. 

Production of TDN jncreased slightly for the pennancnt pasture 
jn the latter part of Angust ap/l thiR inCl'{,Hse was m:\'lntained during 
September, whereas product-iOlI of TDX continued to decline fol' the 
crOp-al1Q-pastul'e l'ohttion. As fI, result, lLVemge da.ily pl'Oduction of 
TDN was lower -for the crop-:lnd-pasl-lIl'e rotation tha.n for the per
mltnen t pastllre dUl'ing September a,lId Oe(-oh<.'l'. . 

The ye:u'ly data indica.(<.'. nlHt Y:ll'iat:ionin dnily yi<.']<l of TDN was 
great<.'l' fl'om yenr to },(':U' JOl' t:1H' P<.'1'IlUlll('ut pastul'<.' than for the Cl'0P

:ulC1-pnsl'nre rotat-ion. 

RESULTS OF THE COl\fPARISON BETWEEN OR
CHARDGRASS AND BROJ\'IEGRASS IN THE GRASS
LEGUME MIXTURE 
Ol'chal'dgrass g'l'O"'S \\-<.'11 and proll uees high yi<.'lds ill l'he nlal'yland

Virginia area, ill whieh R<.'lt-s\'i]le is ]ocat('(1. Small-plot studl(,s by 
the Fjeld Crops l1eselll'C'h Branch show that bl'Omegl'ilSS, a \"e11
adapteel high-yielding pastul'e gl'ass in the Corn Belt anel Ole NOI,th
enst, apparently is not so\\-e11 :i'da.pl('d for nInrybnc1 and Virginia as 
ol'ch:u·clgrass. Bl'omegmss was inh'oelncedinto this eXlwl'iment to 
compare 1'11<.' ,g,-l'o\l'ing habils nllel yiphh; of !-h(' t\l'O grasses ",hpl1 gl'own 
,,-ith Lac1inQ ~'Io\'('l' Oil a lnl'g<.'l' sc·al<.' 1I1HlPl' ndual gJ'lI%ing and JJ;ll'Vl'st
ing C'onclil'ions. 

B<.'ginn ingin tllp -fall of 1!H:,) , n1('l'p fort', ol'cl1ltJ'(lgl'llss \\'lIS )'ppJaeed 
by bl'olllPgrnss on 2 of Ole 4 lIC'I'N; s<.'('deel w:nly 10 1'11(\ ol'C'hal'dgrnss
J.Jadino dov(,l'-l'N1 ('lowl' mixhtn'. At the <.'11(1 01' tll(' <.'xpel'im(.nt hl 
1050, th(' 2 gl'aSses had been eOl1lpal'<.'~l i) linlPs fol' fhe s('('on<1 y<.'lll' of 
the Cl'op-:md-pashll'e rohlJioll, ,I, timps 1'01' the l-hin1 year, !} (i11lPS for 
the fon1'l'h year, and 2 lin1('s for the fifth ye:lr. Therdol'c, the dahL 
for the o]'C'iwl'dgl'ass-Ladino clovel' fi<.'l(ls i'n thNi<.' {'ompm'isom, c1ifl:er 
from (-hose in th{' P1'<.'\'iOI1S dif;(,llssion, which ;n('1I1dN1 the .wal's 
ID4:6-ilO, inclusive. 

Botanical Composition of the Ground Cover 
Plant population ('ounts \\'<.'1'e made ('ach fall ane)' the end of the 

gJ'l1%ing season. The dahl al'e sllll1mari%Nl in htble 10. 
Hl'Oll1ef!;l'nss did no(; d(,\,plop in nl<.' gl'ound COWl' as rapidly as 

Ql'cl)lIl'clgJ'ass nol' to as gl'pnf- an {'xtrllt. Bl'olllE'gr:tss reachecl :t peak 
of 30.5 pel'cent the thinl ~·<.':Il' of the I'Ohltioll, n:~ ('oll)pared with 41.3 
pel'Gent for ol'ehnwlgrass. lIlld they mainbtinecl about those same .levels 
the foul'l-h and fifth YE'll)'S. Ladino dowl' proyi(lNlmol'e gl'ound. covel' 
throughollt than bl'oJnegl'flfls. 

,"Ve<.'ds o('C'upi<.'cl n larger a)'PH Oil the In'on'll'gl'ass fi('lcls than on the 
oJ'(~hal'(lgrass fields the seconcl, third, :mcl {ourn) Ye'aTS of the rota
tion aml about the' snme on both the' fifth yeHr. Kentucky bluegrass 
was mOl'e aggl'<.'ssiV(' Oil the' ]ll'onwgl'Hss liplds than on the ol'chardgrnss 

http:xpel'im(.nt
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TABLE lO.-Average botanical c01nposition of the g1'ound cover on comparable O1'cha1'dg1'ass-Ladino clover 1-)
and bromegrass-Ladi71o clove?' fields in a 5-yea1' 07'op-and-l)(lsturB rotation, BeUsville, Md.1 

Yenr of the I"oitttion, nnd field i 
~ Fourth 4 --.--/---- Jlifth 6Second 2 Third 3

GTOuncl CO\"('1" to 

~ Orchard Brome Orchard Brome Orchard Brome- IOrchard- Brome- t=:l 
grass gl'!lss grass gra~s gmss gr8.RS grass grass 

I ~ 
......

Percent. Percent Percent Percent I Percent I Percent Percent Percent. ...... 
Kentucky bluegrass ________________ • 0.2 !J.2 0.5 1. 8 1.0 I 3.0 '1. 0 11.5 II'> 

Orchardgrass_______________________ 30.8 .2 41. 3 .7 '10.0 1. 3 39.0 1.5 :f" 
Bromegrass ____ .____________________ 0 2,1. 0 0 30.5 I 0 30.7 0 30.0 

!=1 
Total grasses_ ___ 31. 0 24.4 H.8 I 33.0 ,11. o. 35."0 '13.0 43. 0 ~ 

Ladino clover _... _________ •• _______ 33.0 39. '1 4.3.71- 45.3 38.3 i 36.7 36.0 37.5 § 

Hed c1o\·er_________________________ 15.4 12.2 . ,5 2. [} .71 .3 .5 0 ~ 


Totallegnmes________________ 48.4·1 51. (j 44.2 I 47.81 3!). O. 37. 0 ~~. 36.5 37. 5 ~ 
Weeds_____________________________ 15.21 ]8.8 30.51 15.71 17.0 I 25.7 H.5 j .15. Ii ;> 
Hare ground .• _____________________ 5.4 I 5.2 3.5 3.5 I 3.0 2.3 6.0 ,l, 0 § 

, I ..... 
-.----.--- 0 

1 J}lnnt populal'ion conn/:s made each fttll with a point; quadrat nfter the end of the gmzilli! .~etl$on. §
2 1946-50, inclusive. ..,
31947-50, inclusive. q 
4 1948-50, inclusive. ::0 

l".I 
5 1949 anel 1950. 

• 
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I~~lds ueginning the third Y('11], of the rotation. By the end of the 
fifth yeal'~ Kentucky hlnegl"al;;s coY('red lwarly three times :tS large 
an area Oll the bromegJ'ass fields as on the oreltal"c1gl"tl~s Jields. 

Yield of Dry Matter and Total Digestible Nutrients 
Pel' Acre 

Data on the yield of (ItT maUL']' and iotal digestilJle llutrients per 
acre from gr:1zin.g Hnd h:U'YE'Slillg compnrahh' ol'ehal'dgruss-Laclino 
clo\'el.' field:; ll1lcl bl'()m(,!!I'n~,,-La(liJlo do\'!']' (j('1<1;::; al'(, sllmmariz('d in 
(noll' 11. . 

TABL1;; ll.-Average ,yield of (b~1J matter and total digestible nutrients 
pel' acre !1'01n .qrazing an(l lwrvesting CO 111 parable orc7wrdg1'a88-
Ladino clover fields mul oromegrass-Ladino dOVe?' fields in a 5-year 
ero p-ana-pastw'e 1'olaton, B e7tsvilZe, ilI(l. ---_.._(-_...._.._----

I TDX per acrr 

])rf maHer I------i---~-.
Fi('ld, llnd ycal' of l'otUtiOIl 

pCI' l\Cl'e Crop 3S I Lcss mml-I 
>ltorcd I mum storage 
~ I loss 1 

t i 

orchardgrass;-----------l-~Ol(:;-l-~Oulld_:--~Ou=_ 
Third ycar 2".________________ _ 6, .j3J J 2,71S 2,718 
Fonrtli year 3__________________1 .1, (jOS ! 3,161 3,043 
Fifth year {--------------------I1 5,2SH 1i 3,307 i 3,351_, ___________ 

Aycrage _____________________ 1 ii,836 I 3,002 l 3,031 
================== 

J3romegrass: I - j
'1'1ur• d . year •- ___________________ 1 - 0(j-n IjI".~ 2,7H : 2,7·11
Fomth ycar 3__________________ . ·1,80S . 2, .'i!lii i 2,49.'>
Fifth yellr l .. __________________ \ ii,305 I 3, 16ii i 3, 132 

AvCragc. ____________________ 1--· ii, ;{;j(j r 2,83·.1 2, 7S9 
_____________________~i_ l 

15 pCl'cent of hay stol'ed in the 111011' dedll('leci as st.orage lo;;~. 

2 1\H7-50, incl\lsive; grazing ol1l~·. 

3 1!HS-50, jnchl~h'c; hay, hn)', g'l'tlzing. 

4 10.Hl alld 1!J50; gl'U:dng, hay, gr:tzin).!;. 


Both gr!l.ss-]egmne mixtures were grazed and harvested under simi
lar conditions. There were only slight differences in the chemical 
composi60n 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 und !) percent more TDN from grazing and har
vesting than the bromegrass-Ladino clover mixture. 

Seasonal Distl'ibution of the Total Digestible Nutrients 
Produced 

Data on the seasonal distribution of the TDN produced per acre per 
day by comparable orchardgrass-Ladino clover lields and bromegrass
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Ladino clover fields are summarized by months in table 12, and by 
5-day intervals throughout the season in figure 2 and appendix • 
table 23. 

TDN 

,/ Orchardgrass fields ~o~ 
20 

\" 
I• 

/~--" ....~I , ......,I .... " 10 I 
I Bromegrass fields .. 
I 
I 
I 

o 
MAY JUNE JULY AUG. SEPT. OCT. NOV.APR. 

FIGURE 2.-Average prodnction of TDN per acre per day throughout the sea- • 
son by comparable orchardgrass-Ladino clover fields and bromegrass-Ladino 
clover fields in a 5-yenr crop-und-pasture rotation, Beltsville, 1\1d. 

TABLI'J 12.-.tlverage 'lJ1'od'uction of total digestible nt~t)'ient8 pe)' acrc 
daily, by months, on C07J)'paJ'able ol'rli,(l1'dgm8s-LacZino clover and 
b1'omegl'a88-Ladino clover fie7ds in (6 5-year cl'op-and-pa8hO'e rot(l
Non, Belt8ville, Md. 

• 
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'1'he bromegrass fields reached a higher peak production of TDN 
than the orchardgrass fields in Jate April and early May of the third. 
and fifth years of the rotation, but ha,d a considerably Jower peak pro
duction the fourth year. For an 3 years, there was little difference 
in the average daily production of TDN per acre bet'ween the brome
grass fi~lds and the orchardgrass fields in :M:ay and .June. However, 
productIOn was lower on the bromegrass fields than on the orchard
grass fields during the remainder of the season for the third and 
fourth years, and also during .July and August for the fifth year. 

CROP PRODUCTION REQUIREMENTS AND COSTS 

Farming operations for the fil"st and second years of the crop-and
pasture rotation 'wcre on -.l:-n(,1"(\ !i ('1 <1s. All others, including those 
on the permanent pasturc, ,,'('I"e 011 2-acl"(, fields. 

How Requirements and Costs Were Calculated 

The time requirements used Jor crop produdion are based on the 
n,\-erage actual obsel'Yed time required to perform the various field 
operations in this experimE-nt. Hourly charges for labor and ma
chinery at Beltsville arc not typjcal of average' farming. Surveys of 
actual farm costs per hour were used, therefore, to provide cost data 
that would be typical for an aYf>rage-size farm. 

The hourly rate used for labor was SO. GO. This was the average 
hourly wage without room and board paid to farmworkers in the 
United States in 1950 (928). 

The obse1"y('(l operation time per tlCre for tl1e different types of 
e(juipment lls('(l alia the cost. per hour of operatillg each piece of 
('quipment as determinN1 by farm surveys are giv~n in table 13. .The 
operating" costs per 110111: used for most farm machmery were obtamed 
from a ftLl"m survey in Nebras1m (1'7) published in 1948. The opera!
ing costs P(,1" hour used .for the mannre sprea(ler., po,Yer scoop, fertJ
liz!'!" SJ)]'NI(ler, alld cll1 tl packer 'were cnlcn luted from (n) the allnual 
usage fignres for snch machin('s in Indiana, (8), as published in 1930; 
(b) tIle 1950 prices of t)l(>st' machines; a.1~d (c) tl~e method f?r calcu
lat.ing hom)y costs outlIned by the Amencan Soc~t'ty of. A,gl"lCultural 
Enginem's m 1049 (3). A1111OUrl}7 costs of machmery mclude c1epre
('.ilttioll, repair, claily maintenance, and fn~l. A flat chnrge of 10 ce~lts 
per hllSht'l of w11l'nt 1111'I;>s11('(1 waS mark tor thl:' ust' of the threshmg 
mHC'hine. 

The cost of barnyard man 11 l"e was placed at $2 per ton, its calculated 
va1ne for ]"(~p1aC'inQ' commercial fertilizer. The cost of fertilizer am1 
seed was their l1chial cost at Beltsvi11e in Hl!)O, as follows: Commercial 
fertilizer, $36 per ton; hybrid seed corn, $10.30 per hushel ; s('ec1 wheat, 
$;) per1ms111.'l : orcha rc1!!raRR seed, $Jl.?'O pe1" lmndreclwe.ight: reel clover 
seed, $44.30 per hundredweight; :mcl TJtulino dover se('d, $lS!l pel" h1111
dl·edweight. . 

The pi:ice charged for the llS(, of lanel was $0.40 per ncre. This was 
the l1Yel":lO"e cost paid fiR inl'el"Pr,r or Tent hy opera torR of family-si7.e 
hog-dnir}:"'farI1lR in the ('orn Belt in 10Ml (;27). 

Fenei11g eORI's an'l1ot included in thiR Rtnrly. 
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TABLE 13.--Kind of faJ'1ning eqllilJ11wnt 1tsed, rate of operation per 
acre, and cost of operat'ion per hour in a comparison of a Kentucky 
blueg'l'a8s-wMte clove?' pe?'1~utnent past~l1'e with orcl~{(;l'dgrass-Ladino 
olover pastU1'es in a 5-yr.ar crop-and-pasture 1'otation, Beltsville, 
Md., 1946-501. 

Rate of Cost of 
Kind of equipment operation operation 

per acre per hour 
------------.-----.----------------------

l1[i1l1Ile.~ Dollal',~ 
Corn planter, 2-1'0\\-_____________________________ 28 O. 73 
Corn cultivator, 2-1'0\\-___________________________ 28 .21)
Cnltipackel', 8-foot____ __ ___ _ _ ________ __ ____ __ _ _ _ 22 .31 
Fertilizer spreader, IO-fooL______________________ 22 .40
Field forage baler____________________________ .. _ _ ·HI 2. ~2 
Field forage choppeL___________________________ 87 L 82 
Forage blower, stationary________________________ .58 .66
Grain binder, 6-foot_________________________ .____ 48 1. 58 
Grain drill, 8-foot_______________________________ 22 .43 
Harrow, disk, tandem, 8-foot_____________________ 23 .38 
Harrow, spike-tooth, 12-fooL____________________ 24- .18 
Harrow, spring-tooth, 100foot____________________1 25 .14
l\ianure scoop 2_____ ___ __ __ ____ __ ____ __________ _ 24 .20 
Manure spreader, 50-bushel capacit,y 2_____________ I 152 .13 
Mower, 7-foot, clipping pastureH__________________ 24 .63 
l\{ower, 7-foot, mowing hay______________________ 32 .68 
Plow, moldboard, 2 14-inch______________________ 74 .25 
Rake, side delivery, 10-fooL_____________________ 20 .61 
Thresher, stationary _______________ • _____ ,_ ____ _ 23 3. ] 0Tractor___________________________________________________ _ 

.80Truck_____________________________________________________ . 

.80 
Wagon, hauling wheat during threshing____ " 46 I .03 

1 See text for 150\\I'ce of rates and co;,· .• 
2 8 loads (10 tons) of barnya1'd manure spre.ad pel' acre. 
3 Cost per bushel. 

Crop Pl'oduction Requh'ements 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. Labor requirements and 
labor and equipment costs for grazing and for harvesting are given 
separately for the second, fourth, and fifth years of the rotation. All 
material, labor, and equipment costs for manuring, fertilizing, and 
seeding are prorated accordin,P; to their apparent usefulness. Tlus is 
more equitable than to charge all these costs to the first crop year fol
lowing application or seeclillg, as manuring, fertilizing, and seeding 
n11 affect crop production beyond the first year. 

The costs per acre were prorated as follows: 
Barnyard manu,re (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'; labor (1 hour) and equipment cost, $2.59; 
total, $9.26. 
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OOJnmercial jel'tilizer (including its application)-
Charged equally to all years: Fertilizer, $2.92; labor (0.29 

hour) and equiPlllen t 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), $0.1'1; total, $0.90. 

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

.All costs for the second, fourth, lllld ftfth years of the crop-and
pasture rotation ,,-ere prorated between the harvested crops and the 
wazing on the basis of their relative yield of TDN, with storage losses 
cleclucted, as foJIows: 

Becon(Z yea1'-,Vhen,t (grain), 61.7 percent; faU grazing, 38.3 
percent. 

Fml1,th year-HllY (2 cuttings), 69.4 percent; fn.1l grazing, 30.6 
percent. 

Fifth z,ear-Hay (1 cutting), 22.3 percent; gi'azing, 77.7 
percent. 

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

Labor alld equipment costs were 268 percent higher and total costs 
were 63 percent higher for the 5-year crop-anel-pasture rotation than 
for the permanent pasture. Production requirements and costs per 
acre were lo,,,est 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 manure applied in either case). 
Harvesting one light hay crop (fifth year of the rotation) doubled 
labor requirements and increased total'costs by 25 percent. Harvest
ing two light hay crops (fourth year of the rotation) nearly quad
ruplecllabor reqnil'ements and increased total costs by over 50 percent. 

Labor requirements averaged 18'1 percent more and total costs 
u,veraO'ed 107 percent more for the first and second years of the rota
tion (col'll arid wheat; ma.nure applied) than for the last 3 years 
(grass-legumes; no 111anure applied). After labor requirements and 
costs of applying manure were deducted, the first 2 years still averaged 
153 percent more labor [Ll1d 49 percent more total cost per acre pel' 
year. 

Labor requirements and labor and equipment costs per acre per 
year for the various farming operations on the per111anent pasture 
are given in detail, by calendar years, for the 5-year period 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, inclusive. Average labor requirements and all costs 
for labor, equipment, fertilizer, bn,rnyn,rd manure, seed, and land use 
per acre per year are snmmarizccl in appendix table 21. In this table, 
all costs for manuring, fertilizing, and seeding are charged to the 
first crop year following application or seeding, rather than being 
prorated as in table 14. 
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TABLE 14.-Labm' 1'eqld1'eJnents and all costs lJer acre 'pe?' year t01' aKent;tt~ky bluegl'ass-~ohite clover peJ'manent ,Jas

ttl1'e and for 01'OpS and lJastw'es in a 5-year c1'Op-allrl-pa~tuJ'e 1'otation, Beltsville, Md., 1946-50 1 


ba 
Pl>R1I!ANBNT PAS'l'tJlm ~ 

Costs per acre per year for-- ~ 
t:"! 

Labor I'I' titrc( uirecJ--' loacos; td 
-1 I E" 'I~ ('j' . per acre qItem 

pCI' [Lcrc Lallo)' I ·qUlp- .' erel Izer! Sped Ta,i I 
mcnt or manure - ( e:: 

--------I--------I'--------I--------,L.-------1--------1--------
~ 

j IfOllr,~ ])ollars I Dollars ])ollal's Dollars Dollars Dollars ~ 
1946_________________________________________ 1. 50 J. (J., 1. 80 2.88 __________ 9. '10 15.12 ..... 

..... 
1948________________________________________ • 3.50 2.42 3.63 16.21 ____ ._____ n.40 31. 66 .... 
1947_________________________________________ 1. 50 1. 0·1 I 1. 80 2.88 ________ ._ !l.40 15.12 

~ 

194!l_________________________________________ 11 2.50 1. 73 2.72 !l.55 __________ !l.40 23.40 
1950_____________________________________ ____ 1. 50 1. 04 1. 80 2.88 __________ !l.40 15.12 ~ 

?lAvel'l1gc_________________________ -------1 2. ]0 I 1. 45 _,__~_3~ 6. SS :-~ -----=1 !l.40 20. OS 
~ 
~ 

5-YBAH CHOP-AND-PAS')'nHl~ ]101',\'I'ION 
I'd 
!":l 

.--.•~-.-~.-...-~~+,~-.- ......-... - _._.""-,-----._---

Firllt year: Corn (silage) __________ . __________ ._ 13. S71 0.5'7 i Hi. 171 Hi. 21 2. (Hi i n. ,10 I 52.51 
o 
I:I:j 

I 
>iSecond veal': ,i o 

Wlieat (gl'fiin) __________ • ___________ . _•. __ ~] 2.40 ]0.03 B.OO . 33. 28S.56 i 5. SO I 5. SO I 
}'all gl'l1zing ____ -------.--- _------. _--" ---I 1.10 .76 1. 03 3. 66 .7G : 3.60 0.81

----1----Total __________________________________ 
11. 06 o -- I 3.7618.50 I !l.32 i •• DD J O. ,10 I 43. on 

:====Third year: Gl'fizillg___________________________ 1 2.10 I 1. 45 ! 2.01 I 2. SS I 2.2S ~==!l.=40=! 18.02 
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Fourth year: 1 ) 

Hay (2 cuttings) __________________________ I 7.28 2. 00 I G.52 22. J2n. 86 4.74Fall grazing___________. __________________ 1. 581
.67 .46 .66 .88 .70 2. 88 5.58 "d 

l":l 
Total __________________________________ ;S7.53 5.20 7.1)4 2.88 I 2.28 I 0.40 27. 70 

Fifth year: ~ 
Hay (1 cuLt;illg) ___________________________ l":l.51 2. 10 0. 053. 32 2.30 3.50 I I• G" 2:Graring______________________ .~---------- 1. 03 2.2'1 1.77 7.30 13.721. 50 1. 38 1-3 

Total__________________________________ "d
'1.82 3.331 '1. 88 .I 2.881 2. 28 0. ,10 22. 77 >-

U1 
Average (5 years) _____________________________ -- 1-332.708.36 5.76 8. 22 6. 88 2. 53 I 0.40 I
Average (fil·;;t and second y(lMS) _________________ 13. 68 0.50 .13. II ] 2. 88 2. 01 0.40 47. SO g 

l":lAverage (third, fourth and fifthycnl's) ___________ 4.82 3.33 4. !H 2. 88 2. 28 I n. "0 1 22.83 
0 

~ ---- --""'.'-'.-"~'- ..,-.......--~~,.----. 0 
I Labor requircments anel nil costs pl'ol'llled IlS jnclicnled in t,cxt, p. 25. 
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Labor Required and Total Cost Per Hundred Pounds of 
Total Digestible Nutrients Produced 

The labor requirecl und total cost per 100 pounds of total digestible 
nutrients produced by the permanent pnstlU"e and by the 5-year crop
aucl-pasture rotation are shown in table 15. Data are based on pro
rated labor reqnirements and ('ost8) as shown in table 1,1:. For haT-

T.\l\LB IJ.-Labol' required. ({rul total ('ost, flU' 100 pound.'? of total 
dl(lcstible llutricntg PI'ocZll('cd by ({ l1entuc1.:y blu('(!1'a8s-'white dot'(')' 
JI£'J'lliaiwnt 7Ulsturc and by a !i-year ('rop-{(J1d-z}a,~tur(! rot(ltiml, 
Hrltsl'illc. Jfd., 10¥J.-50 1 

Lahor Total 
i Lul:ur r Tntnl : TJ 'X r!'ttnir!'d cn:;t 

Iff'llI i n'qllirf'd; C'()~t prnrill('('c] jlPr 100 ' 1)('1' 100 
pf'r tH'I'(' ! pl'I' :1('1'1' , pr'r U('I'(' I pounds pcw nd,;

i 	 i TDN : TDN 
, I,

,'- --rrO;IT·:-j-;J:;(:':-i -;OV~~I-:I'~JO:-: f)nZ-::r-: 
l!HfL _. 	 1. ;'iO i 1;'5. 12 2,202 n. !lOB 1 o. Gn 
194,._____ _ ___________ ; I. JO i Iii. J2 a, ;j'lR . (JH . . .l.'j 
194B.______ _. _____ ...___ I :l.:iO I ;{I.(i(j :{,3,O I .101· .!IO 

1~. ·,~)(O·L,= __ =-_-_-_=_--_-_-__-~-_:-__--_-.. --=-_·i, 2• ."in I ~;l, ·10 I 2, F..~1. • OR, 1 .:-:21 " __ _ _ _ __ 1. iiO! Iii. 12 [ 2, ·101 I .002 . 6:3 

___~\-~c:~:~=---------.. '--_~~,!~~~ OR I 2, R·12 '-~ ~O~~ C~._ 71 

ii-YEAR CROI'-A:-:n-PA>lTrRE ROTA'rfOX 2 

,.....- ,~--,.~....- ,------"---.--.-~ . ~" --~ --. -.- .. --
FjrRt ),('ar: COl'll (~il[\p;I') ___ ._ 

I 

1:3. R,; ;;2.;11 I, 3, S73 I
1 

0, :{iiS : I. 3:J 
=========,---.---,---- 

8('cOI1(1 year:
\Vh!'at (qrain) _" _____ .. 12.10 1,302 . n.i2 : 2.:')0
Fall gntzing_. ________ .. __ 1.10 	 RO, . 1:~0 I 1. 22 

------~~.. ---
TOUll. _____ ' _.. ____ ... _ l:t iiO 2, JOn I . (].IO L 2.0·1 

2.10 18. 02 I 2, 7PC;! ,(l7S I .67 

Fourth ycar~ :==-=!=-=I=="=~l ' ,==== 
n:~r (2cuttings) __________ J 0. RG j 22.12 I 2,1:37 . ?,21 i I. 0·' 
Fall grnzing._~ ____________ ; .. 0, I .. ii. fiR ~ n..I:3.. .071 I .50 

TotnL _________________:---,-::3r-'27. 70 1-3,(;80-I-~I----:-OO 

, )_.-- I 
FifthIE~;r(\ cuttinf.() ___________1 ;{, ~21 ~. 2,j I Ano'· .•(81 I 1. 31 

Gmr,ing__________________! I. ;)0 13.12 I 2, 'JOO .063 i .57 

'l'otaL _________________ j .1. R2! 22,77 i :3,000 • 156 I 
A\'(:>mge, ii-year crop-nnd-pastur(': I 

rotntion ____________________1 8.30 I :32.79 2,972 . 283 1. 10All hl):\'_______________________L_______________________ . aoo 1. 10All grnzing__________________ .-'________ •_______________ _ 
.078 .69 

I ! 

• 


• 


• 

I Labor requirements and all CORtR prorated as indicated in text, p. 25. 
2 Minimum storage losses deducted; 15 percent; for corn "il(l,~('; ii percent 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 perc:ent for hay stored 
ill the mow were deducted. Data are givcn separa,tely for grazing 
and for harvesteci crops, where both occur :in the same crop year. 
.AIl hay and all grazing for the crop-and-pasture rotation 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 (lD48 and 1949) doubled both the .labor required 
and the total cost per 100 pounds of TDN produced. 

For the 5-year crop-imd-pastul'e rotation, the labor required per 
100 pounds of TDN produced covered a wide range and averaged about 
4 tinles as much as for the permanent pasture. The average for all 
grazing ill the rotation was about the same as for the permanent pas
ture. The average for all hay in the rotation was about 41;2 times as 
much as for all grazing. The corn crop (first year of the rotation) 
required about as much htbor pCI' 100 pounds of TDN 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-yetlr crop-and-pasture rotation, total cost per 100 pounds 
of TDN produced also covered a wide range and averaged about 11;2 
times as much as for the permanent pasture. The average for all graz
ing in the rotation was about the same as for the permanent pasture. 
The average for all hay in the rotation was about 1.4 times as much as 
for all grazing. Total cost pel' 100 pounds of TDN produced '.\'Us 
about 1.2 times as much for the corn crop (first year of the rotation) 
as the average for all hay; anci it was about twice as much for the 
wheat crop (grain only, second year of the rotation) as for the col'll 
crop. Both the corn crop and the wheat crop included labor, material, 
ltnd equipmcnt 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-I.1adino clover pastures, growll in a 5-year ro
tation. with corn for silng,e :md wheat as It nurse crop, were compared 
with a Kentucky bluegrass-white clover permanent l)asture for the 5
year period 1D46-50. Thc pastures in the rotation were used as pasture 
or as hay and pasture. Hromcgrass Was seeded with Ladino c10\'er 
during part of this. period, to compare with orchardgrass. 

1.'he ground coyer of the orchardgrass-Ladino clover pastures con
tained more legumes and fewer weeds than the Kentucky bluegrass
white clover pasture. All grazing was rehttively high in protein, cal
cium, and phosphorus and low in crude fiber, but the grazing 011 the 
Kentucky bluegrass-whitc clover pasture was lower in protem early 
in the season. On both kinds of pasture, the quality 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 eady May and dropped off 
sharply during late May and early June, ·wHh lo·wer production 
throughout the remn,inder of the season. Yields werc about equal on 
both kinds of pasture during ~hy and June, somewhat higher on thc 
orcharc1grass-Ladino e1o\'er pastures during .July and August, [wd 
slightly higher on the Kentucky oluegrass-whitc cloYer pasture during, 
September and October. 

The orchal'clgras.s-Lad i no clover pashn'('S pl'oYi<lC'd thei r best latc 
sumlller gmzing the third year of the rotation, and they reaC'lled their 
highest peak of spring productiyity thc fourth yC'al', They provided 
Yery early grazing in thc spring of thc fifth yeal' fmd werc reserved 
for yery latc grazing that fall, thus extellCling the length of thc gl'l1Z
illg S(,llson appreciably, 

ASfl whole, the orchardgrass-Ladino cloY(~r pastures (third, fourth, 
and lifth years of the l'Obltion) outyieltled thc KC'l1tncky bluegrass
whit·e clover perl1lanl'nt pasture during dry pC'rio<1s and dry seasons 
but not; durin!! seasons of al.Hlndani'. ,yell-distriiJutNl rainfall, The 
orchardgrass-Ladino cltwC' I: pastures yi('Jded only 5.3 percent morc 
dl'y matter and +.1 percent 1lI0l'C TDN, 011 an :n'erage, than the Ken
tucky blu('gl'ass-white CIOWl' pel.'llHtnent pashll'e. The first 2 years 
of the Cl'OIHlnd-pasture I'Otat"iOIl (corn the 1i r:::t year; wheat followed 
by fall grazing the 5e(,OIu1 yeaI') yielded o11ly ;).2 percent morc 'l'DN 
than the Kentucky blu('grass-,\'hite c1o\'er pasture and only 1.1 per
cent 11101'C than the ol'cluu'dgmss-Ladino clovel' pastures. 

13l'OmegrasB did not dc\'c\op hl the grass-l(,gume mixturc to the 
same extent as ol'chardgl'[lSS. The bromegl'ass-Ladino clo\'er combi
nation produced about as much TDN during :i\Iay and .June as the 
orcharclgmss-L:lllino c19"('r comlJi na tion, bu t prod nced ]('1;5 from .July 
lon, and 9 percent less for the senson. 

The labor requil'('d and total cost pel' 1.00 pounds of TDN produced 
by the Kentucky bhwgra:::s-white cloyer perlllnnent pasture and by the 
ol'Charclgl'ass-Lad ino clo\'e1' pa:::tut'!:s in tIle crop-alld-pasture rotation 
Were low llild about equal. COlllpal'('d to gl':lzing the orchardgrass
La.clino clo\'cl' pastures, making hay required '.kG times as llIuch labor 
and cOflt l.(l til1leS as nlllCh.; corn hal'Yeflted as silag'c required '1:.G times 
as much labor and cost 2,0 times as much; and wheat: han'est('d as 
grain l'cquired12.2 times as mnch labor and cost 3.7 times as much . 

.A 5-year crop-and-pasture rotation consisting of corll for silage, 
5111a1l grain used as [I, nUl'se crop, and3 yem's of seeded gl'llss-legumes 
provic1ea (t good meallS for utilizing the accumula.ting fertility re
serves in old pas(;l\l'(' solls for the pl'odllction of harycsted forage, 
ancl th(,11 remaking them into high-yielding pastures. Grazing thc 
·wheat; crop off QL' cutting .it early fOl' silage 01' hay will recluce the 
high labor l'cquirements and costs of this Cl'Op without decl'easing the 
amount of feeclllutrient·s produced, 
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PERMANENT PASTURE COMPARED WITH 5-YEAR ROTATION 35 

APPENDIX 

TABLE 16.-Labor and equipment 1'eqtti1'ements and costs per acre for 

a Kentucky bluegrass-white clover pe1'manent pasture, Beltsville, 

Md., by calendal' 1lears, 1946-50 1 


Time per acre per year for-

CostClip- Scatter-Year, a1l(1 item perping ing Ferti- Manur- Total 
aft('r drop- lizing ing time acre 

grazing pings 

First year, I!)46: Jtiwules Mill/lI('.~bnl/.lIles 11UIlUIcs Ifolin Dollars 
Labor_________________ ·\8 2·1 1 ·14 ______ _ 1. H3 1. 33 

~lower, 7-foot__________ 48 _______ 1_____________ _ 
 .80 .5'l 
Harrow, spike-toot.h, 12- ' foot___________ -_____ _______ 2·1 _____________ _ ••J(I .07 
Fertilizer spreader, 100foot,______ • _____ .__ 22 .37 .15
Truck_________________ _______ _______ 10 ______ _ .17 .14 

Tractor________________ 48 2·l 22 ______ _ 1. 57 1. 26 


------·/----1-----1----:1---Total cost____________ .______ _______ _______ _______ _______ 3.4!) 

Second year, IIH7:Labor________________ _ 48 24 _____________ _ 
 1. 20 .83
48 _____________________Mower, 7-foot_________ _ .80 .54 

Harrow, spike-tooth, 12foot_______________________ _ 24 _____________ _ .40 .0724 _____________ _Tractor________________ ,18 1. 20 . !)6 

Total cost______________________________________________ _ 2.40 
============ 

Third year, 1!)48:
LaboL________________ 48 2·l _______ 180 4. 20 2. 90

Manure spreader________ _______ _______ _______ 152 
 2. 53 .33

Manure scoop__________ _______ _______ _______ 24 
 .40 .08
Mower,7-foot._________ '18 ____________________ _ .80 .54, 

Harrow, spike-tooth, 12

foot_________________ _______ 24 _____________ _ .40 .07 
Tractor________________ 48 2'1 _______ 176 4. 13 3. 30 


Total cost____________ _______ _______ _______ _______ _______ 7.22 
=====-==r====== 

Fourth year, I!)4!):
Labor_________________ ~l8 24 _______ _______ 1.20 .83 

Mower, 7-f<1ot__________ 48 _______ _______ _______ .80 .54 

Harrow, spike-tooth, 12

foot_________________ _______ 24 _______ _______ .40 .07 

Tractor._______________ '18 24 _______ _______ 1. 20 .96 


Total cosL___________ _______ _______ _______ _______ _______ 2.40 
=======,==1,===1,=== 

Fifth year, 1!)50:
JJabor_ ________________ ,18 2·1 44 ______ _ 1. 93 1.33
Mower,7-foot__________ 48 _____ .._______________ .80 .54 

Harrow, spike-tooth, 12

foot_________________ _______ 24 _____________ _ .40 .07 
Fertilizer spreader, IO-foot_ _______ _______ 22 .37 .15

Tnlck_________________ _______ _______ 10 ______ _ .17 .14 

Tractor________________ 48 24 22 ______ _ 
 1. 57 1. 26. 

Total CORt.___________ _______ _______ _______ _______ _______ 3.49 

1 Pastures clipped twice each year, droppings scattered once each year. All 
machinery operated by tractor. 
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TABLE 17.-Avemge labor and equipment requirements and costs per 
am'e' pe1' year f01' a [{ent1lcky bl1legm8s-white clover permanent • 
pasture, Beltsville, illd., 1946-50 1 

___ Time per acr~er yea~or---I 
I ' Cost 

Item 	 Clip- Scat- ; per 
ping tering Ferti-I :\Ianur- Total acre 
after drop- lizing ing time 

grazing pings . 

-------------------.------------ 1-------1------1-------

JJinules .llimlles 1\Ji'!:.UICs!i\J£nilles Hours Dollars 
LaboL____________________ 48. 0 24.0 11.6 36.0 2.09 1. 44 
i\lower,7-fooL_____________ 48. 0 -- _____ ; _______ 1_______ .80 .54 
Har~o.w, spike-tooth, 12-fooL _______ 24.0 1_______1_______ .40 .07 
Fertilizer spreader, 100fooL _________ i _______ l 8.8 1------- . ]5 .06
Truck ____________________________ ,______ J -1.0 _______ .07 .06 
1\Ianure scoop ______________ , ______________ :_______ ,' +.8 .08 .02 
1\Ianure spreader____________

j
_________ .:;~---I'-------. 32. ~ ..'il .07 

Tractor____________________ 48.0 ~'1.0 8.8 I 3::>._ 1.93 1.54 
, 	 ; I ;-------1------1------

10tal cOsL----------j-------,--------------;------T------ 3.80 

1 Pastures clipped twice each year; droppings scattered once each year. All 
machinery operated by tractor. Fertilizing and manuring charges prorated e\'enly 
oyer the 5 years. 

• 

• 
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• TABLE IS.-Avemge lab01' and equipment 'requirements and costs per 
acre pM' year 101' the fint year 01 a lj-yea1' cl'op-and-pasture rotation, 
Beltsville, 11£d., 19J,.6-50 1-

Time per acre per year for

1'101\"-Items Spread- ing, . Plant- .Ra; Total Cost 
iug ma- dis king, Illg apd \'festll~g time per acrc 

nurc harrOII"- cul.tl- or Sl
ing I'atlllg lage 

Minutes ./!Hmlles ilfinlllcs,'11finlllCS HOIlTS Dollars 
Ll\boL____________________ 180 170 8,l 440 14.57 10. 05
Manure scoop______________ 24 _______ ,, ______ ._______ .40 .08 
Manure spreader__ ,_________ 152 ____ --i----.--'------- 2.53 .33
Plow, moldboard, ~ 14-inch_. _______ 74 !_______ ;_______ 1. 23 .31 
Harrow, dis~, tandem, 8-foot.. -- -___ _ ~6 1_______ ' _______ 1 .771 . 2!)
Harrow, sprll1g-tooth, IO-foot. ______ • 00 .._______ ; ____ - __ : .83 . 12
Corn planter, 2-row_________ l ______ J _______ i 28 ' _______ 1 .47 .34

1______Corn cultivator, 2-ro"._______ j' ______ +______: 5fj -' .93 .27 
Field forage chopper____ - ___ -------1-------'------- 87 1.45 2.64
Stationary forage blower___________________ '_______ 58 .97 .64Truck _____________________!_______I_______I_______ ; 237 3.95 3.16 
Tractor____________________ 176 J64 ! 84! 146 9.60 7. 68 

25.IJlTotal cosL__ ---- _---;-- __ ---/--- _--- (-- __ ---:- -- __ -+---- --I 

• 1 Corn for silage. Diskecl twice, spring-tooth harrowed twice, cultil'ated 
twice; harvested with field forage chopper and dump trucks, averaging 8 loads 
per acrei all machinery operatcd by tractor. All manuring costs charged to 
the corn crop. 

• 
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TABLE 19.-Average labor and equipment requirements and costs per 
acre per year for the second year of a 5-year crop-and~pasture rota~ 
tion, Beltsville, Md., 1946-501 • 

Time per acre per year for-

Disk- Sced- Bind- Haul- Clip~ Cost 
Items ing, ing in~ ing, ping per 

har- wheat, and thresh. after Tot,al acre 
rowing, grass, shock- in~, fall time 

ferti- leg- ing storing graz
lizing urnes wheat wheat ing 

j\Jimlies l1finll/es j\fin/lle.~ l\finllil's l\finll/cs Hours Dollars 
Labor________________ 140 164 2H 312 2'l H.73 ]0.]6
Harrow, disk, 8-foot_ __ ,Hi ., _______ • ________ .____ _______ .77 .2() 

lIa{O~~~t_~r!~~=~o_o_t~1:1 50 _______ -------1------- _______ .83 .12 
Fertilizer sprcadcL____ I 22 _____________ ,:. _____________ ,__. 37 .15 
Grai!1 drill, 8-foot____ -'. ______ i 22 ------<-------·-------i .37 .16 
Cul~lp8~ker, 8-foot___ -l- _ " .. __ i 22 '" ___ - ___________ -- __ ' . 37 . It 
Gram bmder, 6-foot. __ ~'"----_!------- 481-------'-------.80 1. 26
Thresher_ ____ _ _ _ _ _ _ _~ ______ .J- ____ - - . ___ - - _, 23 _ _ _ _ _ _ _ . 38 2. 90 
Mower,7-fool;________ ! _______ ' _______ , _______ :_______ 24 .40 .27 
Wagon _____________________ .i_______ l _______ l 4.6 ______• .77 .02 

Truck________________ 10 )------- -------1 lOt ------- 1.85 1. 48
Tractof._____________ ]]8 44 48 'Hi 24 4.68 3.74 

Total cost______ , ______ -\- _____________ 1_______ ------- ------ 20.66 

1 Wheat, followed by fall grazing. All machinery operated by tractor; fields •
were disked twice, springtooth-hnrrowed twice, cultipacked once; grass and legume 
seed broadcast by hand; wheat harvested with a grain binder and threshed from 
shock. All fertilizing costs charged to the second year of the rotation in this 
ta.ble. 

• 
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• TABLE 20.-...1.verage 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, 111d., 1946-50 1 

Time per acre per year for-

Cost 
Year of the rotation, and item Clip per 

ping Raking Bali~lg, Ferti Total acre 
11' stormgand/or • '!l.) hay lizing time 

mowing 

---------------------------!----!-- 

11 fin- Min- 11fin j\fin
Third year: 2 111cs 1til!Ii 'utes utes Hours DollarsLabor________________ _ 72 L 20 O. 83 

~Jower, 7-fooL ________ _ 72 1. 20 .82
Tractor__________ .. ____ _ 72 1.20 .96 

Total cosL__________ _______ _______ _______ _______ _______ 2.61 
==========='= 

Fourth year: 3
I.abor_ ________________ 88 80 230 ______ _ 6. 63 4. 57 
]\fower, 7-fooL_________ 88 ____________________ _ 1.47 1. 00 
Rake, side delivery, 10

fooL________________ _______ 80 _____________ _ 1. 33 .81 
Field forage baler_______ _______ _______ 4.6 .77 1.71
Truck_________________ _______ _______ \)0 ______ _ 1.67 1. 34 
Tractor________________ 88 80 46 ______ _ 

• 
3.57 2. 86 

Total cost____________ _______ _______ _______ _______ _______ 12.29 
===-===---:-.===== 

:Fifth year: 4 
J;aboL ________________ 80 40 115 44 4. 65 3.21 
'Mower,7-fooL_________ 80 _______ _______ _______ 1. 33 .90 
Rake, side delivery- 10

foot_________________ _______ 40 _______ _______ .67 .41 
Field forage bl1,\er_______ _______ _______ 23 _______ .38 .84 
Fertilizer spreader, 10foot________________________ .______ _______ 22 .37 .15 
Truck ____________ .. ____ ,_______ _______ ·15 10 .93 .74 
Tractor_______________ J flO ·10 23 22 2.. 7.5 2.20 

Total c05&.-----------I-------,------- ------- ------- _______1 8. 45 

1 All machinery operated by tractor. 
2 Grazing only; clipped 3 times following grazing. 
3. Two hay crops and grazing; each hay cutting raked twicc; onc IOt\d of hay per 

acre at each 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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TABLE 21.-Average labor requi1'ements and all oosts per M1'e per year 
fO?' a KenMtoky bluegrass-white olover pe1'1nanent prqture and for • 
O1'OpS and pastures in a 5-year 01'op-and-pa8ture rotation, Beltsville, 
JId., 19.46-50 1 

PER~[ANENT PAS'rlJRE 

Costs per acre per year for-
TotalLabor 

Item required cost 
Equip- Ferti- I perper acre Labor ment lizer or Seed Land acre 

manure 

HOUTS Dollars Dollars Dollars Dolla;'S Dollars Dol/aI'S194(L ____ .. --,,-------- 1. 93 1. 33 2. 16 27.20 ------ 9. 40 20.091947 __________________ 1.20 .83 1.57 ------- ------ 9.40 11.801948__________________ 4. 20 2. 90 4. 32 320.00 9. 40 36. 621949__________________ -----
1. 20 .83 1. 57 11.801950__________________ ------- ------ 9. 40 
1. 93 1. 33 2. 16 27.20 9.40 20.09 

Average _________ 2.09 1. 44 2. 36 6.88 ------ 9. 40 20.08 

5-YEAR GROP-AND-PASTURE HO'l'ATION 

First year: Corn (silage)_ 14. 57 10. 05 15. 86 320.00 2. 06 9.40 57.37 
Second year: Wheat, fall grazing ______________ 14. 73 10. 16 10. 50 27.20 10.59 9.40 47. 85 
Third year: Grazing____ 1.20 .83 1. 78 ------- ------ 9. 40 12. 01 
Fourt~ year: Hay, hay,grazlng ______________ 6. 63 4.57 7. 72 ----- .... - ------ 9.40 21. 69 •Fifth y.ear: Grazing, hay, grazmg ______________ 4.65 3. 21 5. 24 27.20 ------ 9. 40 25.05 

Average . ________ 8. 36 5. 76 8. 22 6.88 2. 53 9. 40 32. 79 

1 JJabor and costs !1re charged to the year in which they occurred. 

2 Fertilizer, 0-14-14 or 0-14-7. 

3 Barnyard manure, charged at its fertilizing value. 


• 
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• TABLE 22.-Average yield of TDN pm' acre pm' day by 5-daty intervals 
throughout the season, for a Kentucky bluegrass-white clover per
1nanent pasture and for orcha1'dgrass-Ladino clover pastures in a 
5-year crop-and-pastwre 1'otation, Beltsville, 111d., 1946-50 

Year of the rotationPerma
Date nent pas- 1----.-----;------,---- 

ture Third Fourth Fifth Average 

POllnds Pounds Pounds Pounds Pounds 
Apr. 	 10______________________ ---------- ---------- ---------- --------- 

15____________ a 7 ~ 6 ~ 0 1& 6 a 7 
2o____________ 7.1 7.4 11.4 23.0 14. a 
25____________ 10.8 13.2 19.8 a2.2 21. 7 
30____________ 14.0 18.3 32.6 33.1 28.0 

May 	5________ .. ____ 28.:1 27.3 42.:3 26.6 32.1 
10____________ 28.3 27.3 42. H 21. 5 30.4 
15____________ 29.3 27.H 42.8 21.5 30.4 
20____________ 25. a 25.5 30.9 20.2 25.5 
25____________ 25.3 24.1 27.6 19.9 23.9 
30____________ 2R 4 14.6 23.2 19.9 19.2 

June 	5_____________ 22.7 14.6 18.1 19.9 17.5 
10____________ 14. \J 14.6 18.1 18.9 17.2 
15____________ 14.9 1.4.6 18.1 18.9 17.2 
20____________ 14.9 14.6 18.1 18.9 17.2 
25____________ 14.9 13.3 18.1 19.9 17.1 
30____________ 14.1 13.3 18.1 19.9 17.1 

• 
July 5_____________ 11. G 12.8 18.1 17.2 16.0 

10____________ 11. 0 12.8 19.0 15.8 15.9 
15____________ 10.1 13.2 19.0 14.7 15.5 
20____________ 0.8 13.3 15.3 14.7 14.3 
25____________ 9.8 13.3 15. H 14.7 14.3 
30 __________ -_ 9.8 13.3 1a.1 14.7 1a.9 

Aug. 5_____________ 12.0 13.3 12.7 14.7 13.8 
10____________ 10.4 14.5 12.7 14.7 14.0 
15__________ • 10.4 14.5 12.7 12.1 13.3 
20____________ 11. 2 13.5 12.7 9.9 12.0 
25____________ 11.2 13.5 12.7 9.6 11. 9 
:10____________ 10.7 14.4 12.7 9.6 12.2 

Sept. 5____ ________ 15.8 14.4 11.6 9.6 11.9 
10____________ 15.8 13.6 7.2 9.6 10.1 
15____________ 14.5 13.6 7.2 7.9 9.6 
20____________ 14.5 13.6 7.2 7.9 9.6 
25____________ 13.8 13.6 6.2 7.9 9.2 
30____________ 15.6 13.6 6.2 6.3 8.7 

Oct. 5_____________ 11. 2 13.6 3.7 6.3 7.9 
10____________ 9.9 10.0 3.7 6.3 6.7 
15____________ 9.9 7.4 3.7 6.3 5.8 
20____________ G.7 4.0 3.7 6.3 -4.7 
25____________ 5.3 2.1 1. 0 6.3 3.1 
30____________ 5.3 2.1 1. 0 5.7 2.9 

N0V.5_____________ 2.0 2.1 __________ 3.0 1. 7 
10____________ __________ 2.1 __________ 3.0 1. 7 
15________~___ __________ __________ __________ 1. 8 .6 
20______________________ ---------- ---------- ---------- --------- 

• 
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TABLE 23.-Average yield of 'l'DN per acre per' day by 5-day intervals th1'oughout tlte season for c01nparable 01'- ~ 
cha?'dgrass-Ladino clove?' fields mUl b1'omegmss-Ladi1w clover fields, Beltsville, Md. 

~ 

Year of the rotation, and field 

Third 1 Fourth 2 Fifth 3 AverageDate I 
Orchard Brome Orchard Brome Orchard Brame· Orchard Brome

grass grass grass grass grass grass grass grass I 
Pounds Pounris Pounds Pounds POHnds 1 Pounds Pounds Pounds ~ Apr. 10 ___________ _ ------------ ____________ L_______________________ 1_

15 ___________ _ ------------1-- ....5.8 6. 2 9.9 9.1 30.0 ____________ 15.2 5.1 ....20__________ _ 
5. 8 n.2 9.9 9. 1 30. 0 39. 1 15. 2 18. 125 ___________ . "" 

30___________ _ 13. 1 ]3.9 23.9 15. 2 30. 0 39. 1 22. 3 22. 7 "" 
19.4 10.3 45. 2 K5 Kl ~4 ~9 32.7May 5 _______ . __ ._ ~30. 7 34.3 45.2 K5 Kl ~4 ~7 38. 4HL _________ . 30. 7 34. 3 45.2 26. 5 21. 1 17. 0 32. 3 25. 015 ___________ _ ?l
30. 7 34. 3 45.2 26.5 21.11 17.0 32.3 25.920. _________ _ 28. 4 32.3 26.3 26. 5 21. 1 17. 0 25. 3 25.3 t:I

25________ . __ _ tc.l26.7 32. 3 26. 3 23.4 I'd30___________ _ 20.8 21._] I 17.0 24.7 
14.8 29. 3 26. 3 20. 8 21. 1 17. 0 20. 7 22. 4 !"3June 5___ _ 14.8 12.7 17.8 20. 8 21. I I 17. 0 17. 9 16.8HL•. ____ -" __ 14.8 12.7 17. S 20. 8 18. 8 16. 2 17. 1 16.6 ~ 15__.. _______ _ 14.8 12.7 17.8 20.8 18.8 ]6.2 17. I 16.620_____ • _______ . 14. 8 12.7 17.8 20. 8 18. 8 19. 5 17. 1 17.7 1525___ ....... ~. _____ _ 
 13. 1 12.7 17.8 20. 8 21. 4 19. 5 17. 4 17.7 l:tI30 __________ _ 
13.1 12.7 17.8 20. 8 21. 4 10. 5 17. 4 17.7July 5________ • __ _ 12.6 11. 7 17.8 20. 8 21. 4 ] O. 5 17. 3 17.3

10. ___ ..--._____ i 12.6 ] 1. 715 ___________ _ 17.5 14. 8 21. 4 ] O. 5 17. 2 15.3 
13.1 10.1 17.5 14.8 18.6 ]6.6 16.4 13.820 ____________ _ i13.1 HI. 1 17.5 14.8 18.6 16.6 ]6.4 13.825________ _ tc.l
13. 1 10.1 ]7.5 14. 8 18. 6 ] 6. 6 16. 4 13. 830 _______ . __ •. 13. 1 10.1 13.7 11. 7 ] 8. 6 16. 6 15. 1 12.8 



• • • 
12.1Aug. 5------------1 13.1 10.1 13.1 9.7 18.6 16.6 14. 9 12.410____________ 14.5 10.9 13.1 !.l.7 18.6 16.6 15.4 

~11. 115____________ 14.5 10.!.l 13.1 9.7 12.2 12.6 13.3 l."J
20____________ , 13.3 !.l.2 .13.1 n.7 12.2 12.6 12.9 10. 5 
25____________ · 13.3 9.2 13.1 0.7 12.2 12.6 12.9 10. 5 
30____________ 14.4 11. 0 13. 1 n.7 12.2 12.6 13.2 11. 1 ~ 

Z11.1 
10________ .. __ 14.4 11.0 5.8 5.3 12.2 12.6 10.8 9.6 Z

Sept,. 5___________ 14.4- 11. 0 13.1 !.l.7 12.2 12.6 13.2 l."J 

8. 8 t-315___________ 14.4 11.0 5.8 5.3 8.1 10. ° 9.4 
20_ _ _ _ _ _ _ _ _ _ 14. 4 11. 0 5. 8 5. 3 8. 1 10. 0 9. 4- 8. 8 ~ 
25__ _________ 14.4 11. ° 4, 1 3.2 8. 1 10. ° 8.8 >8. 1 

Ul6. 1 
Oct. 5____________ 14.4 11. 0 4. I 3.2 4.0 4.1 7 . .'i 

30___________ 14.4 11. 0 4.1 3.2 4.0 4.1 7.5 t-3 
6.1 q 

10_______ .____ 10.0 7.5 ____________ ____________ 4.0 4-.1 4.7 3.9 ~ 

15____________ 6.6 7.5 ____________ ,____________ 4.0 4.1 3.5 3. 9 l."J 
(j20____________ 2.5 4.0 ___________ .1____________ 4-. ° 4.1 2.2 2.7 025____________ ____________ ____________ _______________________ 4.0 4.1 1. 3 1.4 ~30____________ ; ____________________ .--- ________________________ 2.4 3.2 .8 I. 1 

Nov. 5 ___________ J ____________ ! ________________________ L __ --- ---- -- - -- -- - - -- -- - ---- - - - -- --- -- - -- --- - - -- ~ 
~ 

I I I t".l 
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I 1947-50, inclusive. 
2 1948-50, inclush·e. 
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TAULE 24.-00mposition of the green l)astw'e lw'oage at dilf'erent times of the yeal', /0)' a /{entllcl.·y oluegl'ass-wMte ~ clover permanent pastw'e and 101' 01'clWl'dgl'Cf8s-Ladilio clover 7)(CSt/11'fS in a 5-yeal' CrOP-(Wd-l'((stlll'e 7'otatim~, 
Beltsville, JId., 194-6-50 1 

Composition of the dry mau'er 
Estimat- I.-. ed total 

Time of the yenr, a digest.-
I' t· I Ether I Cruclc f Kilro- I Total ~ ible 
. ro ell1 extract fiber . gen-free I 1 Calcium Phosphorus t:nI t'xtract; ItS 1 nutrient:; 

_____ i• 1I
-------"--"'-- i ~ 

trlSpring (first grazing): Percent PcrCl!ut j"erccnt Pl!I'ccnt Pacenl P(!rCC7It Percent Percent
Permanent past III'(L __ , · Hl. 4±O. 7 3. 3±0. 2 25. 8± 1. 0 47. 3±0. 7 7. 5±O. 2 O. 77±0. 07 0.34 ±O. 01 71. 6±O. 4 ~ Third year of the rotat 18.0± .7 . on 3. l± . I 24. O± I. 2 ·W.8± .5 8.1± .2 .07± .30± .02 72.5± .5 
Fifth year of the rotati 23.li± .li ,1. 1 ± . 1 IU.O± .li 43. 3±1. 4!). 1± .., .li7± .05 I-'.3S± .02 73.5± .6 ....

Early slimmer (second graz ~ 

Permanent pa::;t IIre___ _ ~IS.3± . S\3. 8± .122. ,J± .546. 7±1. os. S± .11. OS± . OS .3fl± . 0270.1±L 2 
Third year of the rotlll · IS. 3± .3 3.2± .] 25. li± .744. 4± .8 S. 5± .21. 08± .0.5 .32± . OS 72. 3± .2 
Fifth year of the rotnl i IO.2±1.1 3.7± .125.3± .642.0± .liRO± .31.04± .05 .35± .0171.!)±1.4 ~ 

Lat.e slimmer (third grazing ~ Permanent pnslnrc__ ~ IS.O± .SI4.3±2.021.1l±1.0.lG.4±1.58.S± .3t .77± .Oli .45± .0270.1±.5 
Third year of the rotnt .20.1±1.2 3.5± .225.n±1.0·1I.S± .4S.7± .1:1.0H± .05 .35± .0173.4±1.2 §;
Fifth ~'ellr of the rolnt l!).O±.O 3.0± .125.3± .7,12.1±1.0 8.S± .3j.1l3± .02 .34± . 0272. 5± .S '"d 

J~all (fourth grazing): 1 !-:3
Permanent. pasture___ _ · 18. 3±l. 3 3. 9±. 0121. 7± . 847. 5± 1. r6± .", . 8S± . 05 .37± . 0270. 1 ±I. 2 
Third year of the rot.1l1 .20. S± .!) 3.7± . 122. 3± . S 4,1. 3± .7 S. O± .3 . no± .07 .3.1 ± .0173. 1± .0 o 

"j
]i'ifth YCllr of the rolal ,21.8±1.1 4.2± .221.7± . S·12.S± .4!).5± .·r .!)O± .Oli .32± • 0272. li±l. 2 

Ii;
c. _~~-.-____._ ".__• ___ • 1 ~ _...._-------- ::tt 

I Mean average, not weight.cd. 
2 The herbage for I.he permunent pasture \\'a~ clipped periodically from protecled cnges, as thc pnsture wns grazed cont.inuously. 

Time of the 4 grazing;; for the third unci fifth ycnr~ of the crop-nnd-pn:;turo rotation: Fin;t. 1111\.1'; Hecollcl, early .luly; third, late August,;

fourth, October. 
 I

t'!l 

http:weight.cd
http:SI4.3�2.021.1l�1.0.lG.4�1.58
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