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<§ l~TRODeCTIO~ 

Grazing or c~ting management is one of the most important 
factors influencing productivity and maintenance of stands of 
grasses and legumes grown for pasture, silage, or hay. The ulti
mate in management assures continued sU.rvival of the seeded 
species in desirable proportions and the most efficient production 
possible not only for the season as a whole but during unfavorable 
periods of the season. In practice, grazing or cutting tends to be a 

1 Submitted for publication :Vlay 14, 1952. This bulletin is a condensation 
of a paL't of a dis~ertation submitted to the Graduate School of the Univer
sity of Wisconsin in partial fulfillment of requirements for the degree of 
doctor of philosophy. 

"The author is indebted to ;\L A. Hein, principal agronomist, Division of 
Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricul
tural Engineerin.;, and to H, L, Ahlgren, chairman, Department of Agron
omy, University of 'Visconsin. foJ' many helpful suggestions and valuable 
advice received in the course of the studies reported here, and to J. H, TOI'l'ie, 
professor, Department of Agronol11~', University of ,,'jsconsin, 101' assistance 
and guidance in the statistical analysis of the data. 
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destructive process at best, since it periodically removes much of 
the photosynthetk area of the plants and an abrupt decrease in 
the photosynthetic activity ordinarily reduces both top and root 
growth. Knowledge of the effects (vi different intensities and times 
of defoliation on the development of forage plants is essential to 
good grazing and haying practices. 

Because of the diversity of growth characteristics of pasture and 
hay plants, the management requirements for best establishment 
and optimum growth of various species differ markedly. Habit and 
rate of growth, season of maximum production, and length of the 
period over which active growth occurs are all important factors 
in the reaction of a species, variety, or strain to grazing or cutting. 
Grasses ordinarily require different management practices than 
legumes. Different grass species, or differt:nt legume species, in 
many cases respond differently to defoliation treatments. Even 
strains within the same sIJecies of grass or legume often must be 
managed differently in order to assure maximum production and 
survival. Problems in management are complicated by the fact 
that grasses and legumes are normally seeded in mixtures for 
pasture in the humid regions. 

Grasses and legumes growing toget;~!1l' are constantly competing 
for space, light, water, and plant nutrients. These, together with 
soil and air temperatures, humidity, insects, and diseases, are the 
principal environmental factors determining the performance of 
a growing plant. Within the broad1imits set by nature, a power.. 
ful factor in forage-plant performance is grazing or cutting 
management. This directly affects the carbohydrate reserves of 
the plants, and thus ultimately affects the plants' vigor. Also, 
it can affect the vigor and persistence of plants by influencing to 
a marked degree the incidence of disease. If a seeded mixture is 
left to nature alone, one of the seeded species or else one or more 
species of weeds or other undesirable plants will normally tend 
to predominate. Grazing or cutting, depending upon how it is 
regulated, may be either detrimental or beneficial to the persist 
ence, total yield, distribution of production, kltanical composition, 
and feeding value of the mixture. 

Frequently the treatment that would be best for anyone of 
the component species of a mixture is not best for the mixture 
asa whole. Thus proper management of a given species growing 
in mixture with other plants may be a quite different thing from 
proper management of the same species growing alone. In some 
mixtures it may be necessary to abuse the grass in order to main.. 
tain the legume; less frequently, the grass must b~ favored. 

There is less basic information on the responses of varic.us 
forage species to management when two or more are grown in 
association than on the responses of the individual species in pure 
stands. The botani.cal composition of the mixed stands, the 
trends in their composition through the season .and from year to 
year, and the reasons for such trends have not been widely studied. 
It is particularly important to be able to relate management 
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practices to trends in the proportion of grass to legume and to th" 
ingress of weeds. Diffel'ences in inherent compatibility of dif
ferent strains of grasses and legumes in mixed seedings need 
thorough study. The effects of intensity of defoliation and time 
of defoliation on distribution of production are very important. 
It was principally for the purpose of obtaining information on 
these items that the present studies were undertaken. 

In the eastern part of the United States, particularly in the 
Middle Atlantic States, it is often difficult to obtain or maintain 
stands of bromegl'ass (B1'o1nus ine1'1nis) and alfalfa (Medicago 
sati'l.'a) either alone, together, or in combinations with other 
species. Because of the interest of farmers in growing these 
species, especially for hay and silage, it ~eemed desirable to try 
to find so:me method or combination of methods of management 
which would make it possible for each of these species to persist 
and produce advantageously in the East. 

Orchard grass (Dactylis glomemta) with Ladino clover 
(Trifolium 1'epens "Val'. Ladino") is the outstanding pasture 
mixture for the Middle Atlantic States. A number of important 
problems exist with respect to management of this mixture. The 
exceptionally vigorous, rapid, and sometimes coarse growth of 
orchard grass in the spring of the year is considered by some to 
be undesirable, because this characteristic results in relatively 
unpalatable forage at times and presents certain problems in 
maintaining the associated legume. Others believe that, under 
proper management, this characteristic is not a serious draw-back 
and may even be an advantage in some respects. rrhe "hard to 
manage" reputation of orchard grass has probably been the 
greatest single deterrent to its more widespread use. 

Only recently has the importance of management of orchard 
grass pastures been recognized. Little information is av~2~able 
on management requirements of this grass, which is very well 
adapted to the broad central zone reaching from Missouri east
ward, to the Northeast, and to the irrigated areas of the West. 
Little attention in the form of well-controlled management studies 
has been given to Ladino clover. Its increasing importance war
rants much more intensive study. 

The studies reported in this pUblication were conducted in the 
neld at the Plant Industry Station, Beltsville, Md., in 1947-49, on 
seeded stands of the mixtures orchard grass-Ladino clover, 
bromegrass-Ladino clover, orchard grass-alfalfa, and bl'omegrass
alfalfa. Particular attention was given to the effects of the time 
and frequency of cutting on (1) total dry-matter production, (2) 
distribution of production through the growing period, (3) weed 
encroachment, and (4) trends in botanical composition through 
the season and from year to year. 

REVJE\V OF IJTERATlTRE 

rtl~e divergent views which prevailed about 50 years ago, and to 
a Jesser extent prevail today, on propel' methods of forage.-crop 
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management indicate the complexity of the problems involved. 
In 1897 Crozier (22) reported that orchard grass clipped seven • 
times in a 43-day period produced only 29 percent as much cured 
hay as comparable orchard grass cut only at the end of the period. 
About 5 years later Bennett (10) presented a different view 
regarding alfalfa. He said, in part: 

The first summer is the critical time in the life of alfalfa. Mowing must 
be done, and done often, without waiting for blooms to appear. Cut when 
8 to 10 inches high-or oftener, if weeds and grass are growing and alfalfa 
is not. Cut at this stage the growth and vigor of the plants have not been 
checked by efforts to form or make seed. Seed making is very exhausting 
on the entire plant, and when permitted to bloom or form seed before mow
ing the vitality of the plants is largely subdued for the season, and crab 
grass and weeds then get in their good work of extermination.... Under 
extra favorable conditions mowing every 2 weeks may be necessary. Fre
quent mowing checks the ~rowth of weeds and grass and causes alfalfa to 
branch or multiply new stalks and increase its vigor, and [is] essential, 
espec.ially if growing slowly.... 

The second year the same precaution in mowing and clipping should be 
observed as during the first. But after the second year, when well estab
lished ... , it is hardy, and crab grass and weeds cease to trouble. 

Carrier and Oakley (18) reported larger gains per acre from 
heavy grazing of Kentucky bluegrass (Poct, p1'Utensis) pastures 
than from light grazing. Hutcheson and Wolfe (39) supported the 
earlier findings of Carrier and Oakley. On the other hand, Cot
ton (21) emphasized that in New York and New England the 
deterioration of pastures was due primarily to overgrazh:;.g, which • 
prevented perennial plants from storing the food necessary for 
starting growth in the spring. Ellett and Carrier (26) concluded 
35 years ago from trials made on an old bluegras8 pasture that the 
total yield of dry matter varied inversely with the number of 
cuttings during the growing season. About the same time Waters 
(69), of Missouri, made reference to the importance of maturity 
of top growth prior to cutting on subsequent yields and permanence 
of stands of timothy (Phlewm pmtense). He pointed out that 
many farmers had noted that early cutting materially shortened 
the life or timothy meadows, causing the stand soon to become 
thin and the plants so weak that they started slowly in the spring, 
made poor growth, and were crowded out by weeds early in the 
season. 

The theories held by some early workers that (1) frequent 
cuttings of perennial plants stimulate continued vigor and increase 
subsequent yields and (2) late cutting exhausts the plants and 
reduces the stand have usually not been upheld by more recent 
and thorough studies. Frequent defoliation is detrimental to 
most forage plants that have been studied. 

The effects of various cutting treatments on forage yield and 
quality and on the longevity and vigor of forage plants are perhaps 
best understood in the case of alfalfa. Notable contributors to 
research on management of alfalfa have been Graber et al. (31). 
Salmon et al. (.'58), Willard (70), Rather and Harrison (56), and 
Tysdal and Kiesselbach (68). These workers agree that the 
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vigor and productivity of alfalfa are greatly reduced, weed in
festations are encouraged, and both winter and summer mortality 
of alfalfa plants are increased by frequent and early removals of 
top growth and by cutting late in the fali before growth has 
ceased. Recently Dotzenko and Ahlgren (25) reported that in 
New Jersey frequent and early cutting reduced the yields of a 
bromegrass-alfalfa mixture. Maximum yields of alfalfa were 
obtained by harvesting at the half-bloom stage, and bromegrass 
produced its largest total yield at the full-bloom stage. 

Contrary to most of the results in the lite;rature, those of a study 
in the Yakima Valley recently reported by Jackobs (40) indicated 
that the vigor of alfalfa is not reduced seriously by frequent cut
ting or :by cutting in the fall. Furthermore, they indicated that 
spring cutting had little or no effect on s€Jasonal yields of the cur
rent year or subsequent years. Jackobi; stated that alfalfa cut 
every 25 days during the 1947 and 194:8 seasons produced 90.5 
percent as much dry matter in 1949 as that cut at 41-day intervals 
in 1947 and 1948. The date of the last cutting in the fall had a 
pronounced effect on early growth the following spring, but this 
effect diminished rapidly as the season progressed. 

Tysdal and Kiesselbach (68) studied the differential responses 
of a number of alfalfa varieties to various times of cutting. They 
stated, in part: 

• The response of Ladak to different times of cutting is so great that it may 
almost be said that this variety can be madl! the lowest or highest yielding in 
a series of standard varieties through change in the time of cutting. . .. 
In contrast to this, Nebraska Common was not significantly different in 
yield from Grimm under any cutting treatment, and Hardistan reacted rather 
similarly to Grimm, although somewhat lower in yield under some h'eatments 
than others. Early cutting appears to handicap Hardistan slightly in com
parison to Grimm. 

The effect of grazing and cutting treatments on Kentucky blue
grass was studied before 1920 by Cotton (21), Carrier and Oakley 
(18), Ellett and Carrier (26), and Hutcheson and Wolfe (39). 
Graber et a1. (31) reported that after 2 years of frequent cuttings, 
the productivi~y of a well-establifJhed bluegrass sod was less than 
one-fourth that of adjacent bluegrass cut only once annually, at 
maturity. Subsequently, Graber (29) reported that not only did 
amount of subterranean growth and total weight of herbage 
tend ultimately to vary invers1cly with frequ,ency of defoliation 
but excessive defoliations were sometimes followed by reduc
tions in growth persisting for several months. In later studies, 
Graber (30) found that a much larger current production of 
bluegrass was obtained with frer,iuent and close defoliations than 
with tall defoliations of the same frequency made at the same 
times. The following year, bluegrass was less productive and 
weeds were five to seven times as abundant on the closely clipped 
as on the tall-clipped plots. However, the difference in second
year productivity associated with difference in clipping practice 
was limited almost entirely to the first cutting. 

L~. 
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Harrison (33) reported that cutting at different heights af
fected the amount of both roots and tops ptoduced by Kentucky 
bluegrass. The shorter the grass was cut and the more the leaf 
area was reduced, the smaller was the quantity of roots produced. 
Harrison pointed out that among the different grass species some 
can maintain themselves under short and frequent clipping by 
which others are nearly destroyed. In his tests, colonial bent 
(Ag1'ostis temds) and red fescue (Festuca ?'ub1-a) survived severe 
clipping which almost destroyed bluegrass. Harrison emphasized 
that deficiencies in organic-food reserves brought about by 
repeated defoliation are likely to weaken some plants to such an 
extent that they can no longer survive drought, disease, extremes 
of heat 01' cold, or the competition of plants which can escape close 
cutting by tillering or by growing almost flat on the ground sur
face, such as white clover, dandelion, crabgrass, knotweed, and 
plantain. In later studies, Harrison (34) showed that the rhi
zomes and a large proportion of the roots of vegetative cultures 
of bluegrass were killed by short and frequent defoliations. 

Mortimer and Ahlgren (.50) reported in 1936 that when blue
grass was cut to ground level, higher seasonal yields were obtained 
over a period of years than when it ,vas cut to a level of 1112 inches. 
Cutting grass 8 to 10 inches high to ground level gave only slightly 
greater increases in yield than cutting grass 4 to 5 inches high 
to ground level. In an earlier experiment reported by Graber 
(30), current production of bluegrass cut to lh inch was greater 
the first year than that of bluegrass cut to 1112 inches, but in the 
following year very substantial reductions occurred where the 
grass was never permitted to grow more than 2 01' 3 inches tall 
before being clipped closely. In the trials reported by Mortimer 
and Ahlgren (50), no such reduction in yield occurred where the 
grass was allowed to grow to 4- to 5-inch heights before removal 
to ground level. Further studies by Ahlgren (2) indicated that 
cutting bluegrass to 1112 inches whenever it reached a 4- to 5-inch 
height was more productive than such cutting deferred until the 
plants were fully headed. In explanation, Ahlgren stated that 
the lower productivity on plots where cutting was deferred may 
have been due in part to the natural thinning of the turf which 
resulted from this type of management and the noticeably slower 
growth recovery following cutting. 

Brown (16) found that lower herbage yields of Kentucky blue
grass were obtained by mowing semimonthly than by mowing 
only once or twice annually. In mowing at semimonthly intervals, 
larger yields were obtained by C!utting to the I-inch rather than 
the 2%-inch level. Mowing semimonthly to the I-inch level had 
very little (if any) effect on root growth in the upper 6 inches 
of sod, in comparison with mowing semimonthly to 21;2 inches or 
mowing at the hay stage. Repeated defoliation materially af
fected the quantity of rhizomes, by retarding their development 
during the spring and by increasing the rate at which they lost 
weight during the summer. In autumn, however, the largest 
increase in rhizome weight occurred on plots mowed semimonthly 
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to the I-inch level, provided the moisture supply was adequate 
during this period. 

Harrison and Hodgson (35) compared the responses of Ken
tucky bluegrass, orchard grass, timothy, smooth bromegrass 
(B1'o1nus inermis), and quackgrass (Ag?'opY1'on 1'epens) to cut
ting treatments in the greenhouse, The grasses were cut weekly 
to three different heights for about 2 months or were cut only 
once, at the end of th~ trial. In nearly every case the greatest 
yields both of herbage and of I'oots and rhizomes were obtained 
from the plants that were cut only once. In general, the shorter 
a given grass was cut, the less herbage it produced. Bluegrass 
withstood close cutting better than the other grasses, because it 
produced the most green leaves below the cutting heights, 

Brown and Munsell (lin found that such turf-forming grasses 
as Kentucky bluegrass and Rhode Island bentgrass (A[/1'ostis 
tenuis) maintained better stands and yielded more under mowing 
(cutting at a height of 4 inches to one of 1 inch) than other 
grasses tested, including Canada bluegrass (Poa compi'essct) , 
tall oatgrass (A?'1'henathenl1n elatius), meadow fescue (Festucct 
elatio1'), perennial ryegrass (Lolium pe1'enne), smooth brome
grass, orchard grass, and 'timothy. 

At Beltsville, Md., Rein 'and Cook (36) concluded from grazing 
studies of a complex mixture that different rates and methods of 
grazing have a pronouncec} effect on plant population. Kentucky 
bluegrass and white clover. predominated under heavy, continuous 
grazing; orchard grass, Canada bluegrass, timothy, and the annual 
lespedezas (Lespedeza stipulcwea and L. st1'iata) were most com
mon under light, continuous grazing, Later, Henson and Rein 
(37) found that Kentucky :bluegrass persisted better than orchard 
grass, timothy, or redtop (A{j1'ostis alba) when cut frequently to 
a height of 11/.1< inches over a 4-year period, and that timothy was 
the least persistent of the species tested. 

Lovvorn (47) studied Kentucky bluegrass, Dallis grass (Pas
?Jalu1n clilatat1('?n) , carpet grass (Axono1JUs affinis), and Bermuda 
grass (Cynoclon clactylon) in the greenhouse. Ris data showed 
that both Kentucky bluegrass and Dallis grass were affected more 
by frequent cutting than' either carpet grass or Bermuda grass. 
Frequent cutting was most harmful to Dallis grass and least 
harmful to carpet grass. According to his conclusions Dallis grass 
and Kentucky bluegrass appear to warrant more careful manage
ment than either carpet grass or Bermuda grass. He noted that 
frequent cuttings reduced root yields more than top yields. Earlier 
Lovvorn (46) had found that cutting a DaBis grass-carpet grass 
mIxture every 2 weeks was very unfavorable for Dallis grass. In 
his tests omitting either the first two spring cuttings or the last two 
fall cuttings proved most favorable for Dallis grass, and under 
such systems of management the quantity of the two grasses was 
approximately the same. He commented that the differential 

•
behavior of the two grasses could perhaps be explained on both 
morphological and physiological grounds. Dallis grass is a bunch
grass. After frequent close cuttings it retains very little photo
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synthetic area and cannot make new growth except by expending 
previously stored root reserves. Cm'pet grass, a decumbent, sod
forming grass, retains considerable leaf surface after frequent
cutting. 

After making a comparative study of grazing systems on unim
proved bluegrass pasture in Iowa, Peterson (55) reported that 
yearling steers made lower gains if grazed continuously at a 
moderate intensity than if grazed heavily in spring and early 
summer and again in late summer and fall with no grazing for 
about 2 months in midsummer. He concluded, however, that con
tinuous grazing is preferable to early- and late-season grazing 
only, as the absence of summer grazing favors the development of 
annual weedy species which might otherwise be eaten when in the 
most succulent stages of their growth. Peterson emphasized that 
heavy infestation of weedy grasses was the most serious conse
quence of deferred grazing, the weeds crowding and shading the 
bluegrass lUore and more. 

K(,lmedy and Russell (42) found from cutting' trial" on a mix
ture of Kentucky bluegrass and "wild "white clover that cutting 
about every 8 weeks gave higher yields of forage than cutting at 
either shorter or longer intervals. In general, the more fre
quently the pasture herbage was cut, the lower was the quantity 
of dry matter from roots and other plant resiclues in th\:: surface 
soil. 

Except for the previously cited studies of Crozier (22), most of 
the early work with orchard grass was done at the Welsh Plant 
Breeding Station, Aberystwyth, Wales. In accord with Crozier, 
Stapledon and Beddows (62) reported that "pasture" cutting of 
orchard grass resulted in considerably less production of both 
tops and roots than cutting at the hay stage and only once there
after. Moreover, they found that the plants permitted to develop 
to the hay stage before cutting produced considerably more growth 
early in the spring of the following year. They pointed out that 
different strains of orchard grass reacted very differently to cut
ting treatments. 

After studying' tlle effects of different cutting treatments on 
22 species and strains of grasses and legumes including orchard 
grass, Stapledon and Davies (68) concluded that the seasonal 
distribution of herbage production is affected to a pronounced 
degree by the date at which cutting or pasturing begins. They 
stated that when cutting does not begin until late May, the May
to-November growth curve is much more level than when cutting 
begins earlier in the year. High yields of aftermath in orchard 
grass were reported. After a study of spaced plants of orchard 
grass, Stapledon and Milton (64) reported that those cut 8 times a 
season to 6 inches outyielded those cut 10 times to ground level. 
Plants cut twice (once as hay and once as aftermath) outyielded 
those cut under the other systems. Tiller and root development 
were nearly as good under the 6-inchcutting' schedule as under 
the hay-and-aftermath system. When cuttings were made to 
ground level, however, both tiller and root development were much 
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reduced. The results obtained by Tincker (67) with orchard 
grass and timothy in pots, also, showed that cutting at 8-week 
intervals reduced the total dry weight produced. 

In Virginia, Wolfe (74) reported higher yields from orchard 
grass under a hay system of cutting than under pasture conditions. 
Harrison and Hodgson (35) concluded from greenhouse studies of 
top and root development of perennial grasses that orchard grass 
and timothy were injured more by continuous close cutting than 
were Kentucky bluegrass, quackgrass, and bromegrass. These 
workers discounted the fact that orchard grass produced higher 
yields than bromegrass, on the basis that the entire set of brome
grass cultures was located in a shadier part of the greenhouse than 
were those of the other grasses. 

• 

Contrary to these results, Brown and Munsell (15) reported 
that orchard grass and timothy in mixtures with Ladino clover 
withstood simulated grazing management with lawnmowers much 
better than bromegrass, Canada bluegrass, tall oatgrass, meadow 
fescue, and perennial ryegrass. Furthermore, orchard grass 
maintained better stands than timothy and in most eases out
yielded it, especially in late summer. All grasses were injured by 
frequent close cutting. Orchard grass recovered rapidly after 
cutting in comparison with other grasses, especially in the summer 
months. Brown and Munsell stated that weather, fertilization, 
time of year, and kind and proportion of grass in a mixture all 
have a pronounced part in determining what cutting or grazing 
schedule is the best. At Beltsville, Md., Henson and Hein (37) 
found that orchard grass was more persistent under cutting treat
ment than timothy but less so than Kentucky bluegrass. 

Comstock and Law (20) studied the effects of different cutting 
treatments on various grass-alfalfa mixtures and on alfalfa grown 
in pure stand on field plots at Pullman, Wash. All plantings 
produced higher forage yields under deferred rotation cutting or 
cutting at the hay stage than under frequent cutting. Alfalfa in 
pure stand and alfalfa-orchard grass mixture produced highest 
yields under the deferred rotation system; all other mixtures 
produced best when cut at the hay stage. Alfalfa-orchard grass
bromegrass and alfalfa-bromegrass-crested wheatgrass (Ag1'01J1J
?'on cristatu1n) were most productive under the hay cutting treat
ment. When cut by a method simulating grazing (two or three 
times during the season), alfalfa-big bluegrass (Pon ant]Jla) and 
alfalfa-bromegrass-crested wheatgrass produced higher yields 
than any of the other mixtures tested. Frequent cutting reduced 
root yields in all cases. In these studies the grass species competed 
more successfully with alfalfa when the mixture was cut more 
frequently. It was observed that the second and later cuttings 
tended to yield lower proportions of gt,'ass than the first cutting of 
each season. 

Working with orchard grass-Ladino clover and bromegrass
Ladino clover mixtures, Sprague and Garber (61) found that the 
time of removal of the first crop in the spring was an important 
factor in the persistence of Ladino clover. Good yields were 
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obtained and a better stand of clover maintained by making the 
first cut when the herbage was 8 inches high than by making it 
when the grass had reached the "early head" or ufull bloom" stage. 
Higher yields and a greater proportion of clover were obtained 
when cuttings were made closer to ground level. The 2-inch height 
of cut was more satisfactory than the 3-inch. In comparison with 
bromegrass-Ladino clover, orchard grass-Ladino clover produced 
a smaller first spring crop of herbage when cut at either of the 
two grass heading stages but provided one additional midsummer 
cutting and slightly more herbage when cut throughout the season 
under an 8-inch-back-to-2-inch system, 

Only in recent years has much attention been given to the 
management of bromegrass. Harrison and Hodgson (35) con
cluded in 1939 that bromegrass, quackgrass, and Kentucky blue
grass were better adapted to close and frequent cutting than 
orchard grass and timothy, because the amounts of roots produced 
were greater. Bromegrass, however, produced lower yields of 
herbage than orchard grass 01' timothy receiving corresponding 
treatments. On the other hand, Brown and Munsell (15) found 
that the sta11ds of bromegrass in Ladino clover m~:Y,:tures under 
frequent cutting were very POOl' even before the end of the first 
season, whereas orchard grass under comparable conditions main
tained good stands. 

Bird (11) emphasized that stage of growth at time of cutting 
is o.ne of the most important considel'ations i11 harvesting forage 
crops. He stated further that stage of growth at the time of the 
first cutting determines the pedod over which aftermath growth 
may take place and, together with weather and soil conditions, the 
extent of this growth. The four grass species used in his studies 
varied considerably as to the time at which they reached cor
responding stages of growth in the spring. Bluegrass was the 
first to reach the end-of-bloom stage, and was followed by brome
grass, timothy, and redtop in that order. Bromegrass appeared 
especially sensitive to adverse conditions at the beginning of 
bloom. It was superior in yield to the other species if cut only 
at advanced stages of maturity, but not if cut at immature stages. 
If cut at the beginning of heading, bromegrass produced signifi
cantly lower yields and redtop significantly higher yields than the 
other species. If not cut until after seed had formed, however, 
bl'omegrass was the highest yielding and redtop the lowest yield
ing of the four species. 

In studies by Ahlgren and BUl'calow (6) at the Wisconsin Agri
cultural Experiment Station. bromegrass grazed whenever the 
forage reached a height of 2 to 3 inches produced only 54 percent 
as much pasturage as bromegrass harvested at the hav stage. On 
the other hand, bromegrass grazed when 6 to 10 inches tall pro
duced 90 percent as much as bl'omegrass harvested at the hay 
stage. These investigators warned that bromegrass and alfalfa 
should remain ungrazed from mid-September 01' eat'lv October 
until gro}Vth has been checked by frost or cold weather, after 
which light grazing will cause little or no damage. 
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From trials conducted in Michigan, Rather and Harrison (57') 
concluded that returns from rotation grazing and from continuous 
grazing of bromegrass-alfalfa mixtures were nearly identical, al
though the alfalfa persisted somewhat better under rotation graz
ing. Neither early spring grazing nor close grazing was practiced 
in these trials. In studies on the effect of cutting treatment on the 
l)rOportions of bromegrass and alfalfa in mixed stands of the two 
species, Wilsie et al. (78) reported that cutting four times per 
season resulted in a more rapid increase in the percentage of 
bromegrass, with a corresponding decrease in alfalfa, than harvest
ing at the normal hay stage (two or three times per season). With 
either cutting treatment, a satisfactory stand of both alfalfa and 
bromegrass remained at the end of 3 years. These workers stated 
that the grazing of bromegrass should be managed in such a way 
as to maintain the herbage at a height of not less than 6 to 8 
inches. They emphasized that "bromegrass will not remain Pl'O
ductive when grazed as closely as is ordinarily practiced ,,,ith 
Kentucky bluegrass." 

Newell and Keirn (62) tested a number of cool-season and 
,varm-season grasses in Nebraska under two systems of mowing. 
One plot series was mowed once each season at the hay stage, and 
another was mowed several times each season to simulate grazing. 
All grasses produced lower yields under the frequent-mowing 
treatment except Russian wild-rye (El1JntuS junceus) , which 
showed no effect of mowing on yield, and buffalo grass (BuchloiJ 
dact1Jloicles) , yields of which on frequently mowed plots were 
higher than those on hay plots. Yields of the taller or higher-yield
ing grasses were more consistently reduced by increased severity 
of mowing treatment, even though the short grasses were mowed 
more closely. The best stands were maintained by bromegrass, 
crested wheatgrass, Russian wild-rye, and Kentucky bluegrass 
among the cool-season grasses and by blue grama (Boutelouct 
gracilis) and big bluestem (And1'o]Jogon gem1'di) among the 
warm-season grasses. Switchgrass (Panicum t'i1'{jatwn) was 
most severely damaged by the mowing treatments and by invasion 
of weeds. Western wheatgrass (Ag1'07J1J1'on smithii) and side
oats grama (Bouteloua, cu?'lipendula) were intermediate in their 
response to frequent mowing. Newell and Keirn stated that 
bromegrass gave the best performances among all the grasses, 
particularly among the cool-season grasses. 

Comstock and liaw (20) found that mixtures of alfalfa-brome
grass-crested wheatgrass withstood cutting simulating grazing 
(two or three cuttings during the season) better than alfalfa 
mixtures including orchard grass, tall fescue, tall oatgrass or 
intermediate wheatgrass (Ag1'o]J111'On inte1·mediwn). All mixt~res 
produced higher forage and root yields under less severe cutting 
treatments. 

There have been very few fundamental studies under con
troned conditionl.5 to determine the management requirements 
of Ladino clover. The work of Brown and Munsell (1.5) is prob
ably the most extensive for this species. These investigators 

L_._"",- __ . 
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found that in mixtures of Ladino clover with orchard grass and 
timothy, height of cutting had a greater effect on first-year yields 
of the clover than frequency of cutting. Much larger yields were 
obtained where the mower was set to cut 2 inches rather than 4 
inches above the ground. However, according to their 1941 findings 
cutting to 2 inches had a marked adverse effect on stands of Ladino 
clover the following year, because it l'esulted in more winter 
killing than higher but more frequent cutting. Brown and Mun
sell concluded at that time that continuous or close grazing, espe
cially late in the fall, with only short rest periods, is not conducive 
to the persistence and continued high yield of Ladino clover. They 
stated the opinion that grazing' five or six times pel' season and 
removing the stock whenever the forage has been grazed to a 
height of 4 inches should maintain vigorous stands for 5 or more 
yehrs. However, they Elugge~ted that in good stands of orchard 
grass and Ladino clover frequent cuttings or grazings in the spring 
months might be necessary to prevent the grass from reaching a 
much less nutritiolls and more competitive condition. In a 1951 
report (14) Brown stated that according to more recent results 
from these experiments Ladino clover not only gives higher yields 
of dry matter and protein but also survives longer when mowed 
to a height of 2 inches rather than <1 inches above the ground, 
regardless of whether the mowing is done when the Lac1ino is 6, 
8, or 10 inches high. 

'resar and Ahlgren (66), experimenting with Ladino ciover 
seeded in 1946, cut it two, foul', and six times to heights of 1 and 
3% inches in 1947 and measured the residual effects of the six 
cutting" treatments by making two uniform cuttings to a height 
of 1 inch in 1948. They found that stands cut four times to a 
height of 3% inches in 1947 produced high yields in 1947; had 
relatively high yields of stolons per unit area in the fall of 1947 
and the Rpring of 1948; and produced the highest average yield 
of forage, which contained comparatively little Kentucky bluegrass 
and the smallest proportion of annual weeds, in 1948. They con
cluded that this treatment appeared to simulate the type of grm:ing 
management necessary to maintain high production of Ladino 
clover over a period of years. 

Mott (51), experimenting with a LacUno clover-Kentucky blue
grass mixture, found that the legume yield of stands cut to 1;2 inch 
when 4 to 6 inches high was more than four times as great as that 
of stands cut to 1/~ inch every week Ahlgren and Burcalow (5), 
Ahlgren and Sprague (1), Colby (19), Dickey (24), Hollowell 
(88), and Midgley (4,11) also reported that continuous 01' close 
grazing, especially in the fall, is hazardous to Ladino clover. 

Recently Blaisdell and Pechanec (18) reported on studies in 
which they gave particular attention to the effects of time of cut
ting in the spring on growth of bluebunch wheatgrass (Agl'OP11'tOn 
spicatum) and arl'owleaf balsamroot (Balsalno1Thiza sagittata). 
They said, in part: 

In general all clippings reduced t:he following year's herbage and flower 
stalk production, and average leaf height. The reduction due to the first 
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spring clipping was small i the effect became more pronounced from clippings 
made as the growing season advanced. The greatest reduction resulted from 
clippings made in late May and early June. The reduction from later clip
pings was progressively less, and the effect of the late fall clipping was slight. 

Parker and Sampson (54) obtained smallest yields of grasses 
when they removed herbage at the time of most rapid growth. 
Simila.rly, McIlvanie (48) reported that with bluebunch wheat
grass the most vulnerable point in the seasonal development was 
at the middle of the vegetative stage, and that cutting intensified 
maximum vulnerability and prolonged its duration. 

The effects of d~foliation practices on a number of other species 
have been reported by various workers, including Aldous (7), 
Parker and Sampson (53), Biswell and Weaver (12), Leukel and 
Barnette (45), Dexter (23), Gernert (28), Johnson and Dexter 
(41), Wilsie et al. (71), Hanson and Stoddart (32), Stoddart 
(65), Baker et al. (9), Smith a~ld Graber (59), and Wilsie and 
Hollowell (72). Generally:, in the studies reported by these 
workers close and frequent cutting proved more detrimental than 
less close and less frequent cutting to both top and root growth. 
Other pertinent information of a more general nature relative to 
mana.gement of grasses and legumes is given in recent contribu
tions by Ahlgren (8, 4), Brown (17), Garber et al. (27), and 
Sprague (60). 

• 
A few exceptions have been reported, in addition to those al

ready cited, in which frequent and close cuttings apparently were 
not the most harmful. Lang and .Barnes (44) observed on the 
eastern Wyoming plains that short grasses produced greater yields 
when cut frequently to ground level than when cut only once at 
the end of the season. Over a 2-year period, no decrease in density 
was observed where heavy cutting was practiced. Archibald et 
al. (8), in eastern Canada, under conditions of high precipitation, 
found continued close cutting did not reduce the yield of bluegrass 
pasture. Laird (43), who worked in the sandy soils of Florida, 
stated that "the largest and deepest root syste.m of sod-forming 
grasses is not necessarily associated with the best and most 
vigorous top growth." Mowing of centipede grass (E1'ernochloa 
ophiu1'oides) and Bermuda grass increased the root growth, but 
this W8S not the case with st. Augustine grass (Stenotaphrurn 
secundatum) • 

EXPERIMENTAl. METHODS AND CONDITIONS 

The studies reported here were conducted in 1947, 1948, and 
1949 on field plots on the South Farm, Plant Industry Station, 
Beltsville, Md. The field used had a covel' crop of Italian ryegrass 
(Lolium rnultijlO1'urn) J perennial l'yegrass (L. perenne) , and 
volunteer red clover (T1'ifoliurn'ln-atense) from the spring of 1943 
to the summer of 1945. The experimental area was limed in the 
summer of 1944 at the rate of 2 tons per acre of ground limestone 
and again at the same rate on January 16, 1946. In addition, 12 
tons of barnyard manure and 300 pounds of superphosphate were 
applied in 1944, and 800 pounds of 4-12-7 per acre just before 
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seeding in 1945. A top dressing of 500 pounds per acre of 0
14-14 was applied on March 15, 1948, and again on April 5, 1949. • 

Mixtures of orchard grass and Ladino clover, orchard grass and 
alfalfa, bromegrass and Ladino clover, and bromegrass and alfalfa 
were seeded September 26, 1945. A small proportion of red clover 
was included in the Ladino clover mixtures. Orchard grass was 
seeded at the rate of 6 pounds per acre; bromegrass, 10 pounds 
per acre; alfalfa, 10 pounds per acre; Ladino clover, 2 pounds per 
acre; and red ciover, 3 pounds per acre. 

Each of the 4 mixtures was scheduled for 18 different cutting 
treatments; thus 72 plots were required for each replication. Five 
replications, 360 plots, were seeded in a combination two-way 
whole-plot, split-plot design. Plots of the Ladino clover mixtures 
were 6 by 25 feet and the alfalfa-mixture plots were 10 by 25 
feet in size. Alfalfa plots were made wider than Ladino clover 
plots in order to allow for encroachment of Ladino clover from 
adjacent plots. 

Excellent stands of all species were obtained in the falI of 1945. 
The stands of legumes were somewhat reduced by heaving early 
in the following spring. To improve these stands, the iegumes 
were reseeded on March 29 and 30, 1946, by broadcasting on the 
surface without disturbing the plots. Only the alfalfa stands 
remained less than would have been desirable. 

CUTTING TUEATMENTS 

The only treatment given the plots during 1946 consisted in • 
uniformly mowing the entire area three times to remove weeds and 
volunteer ryegrass. 

Beginning in 1947, each mixture was given a variety of cutting 
treatments. Cutting started at three different dates in the spring. 
was repeated at two different frequencies, and ended at three dif
ferent dates in the fall. which were approximately the same for all 
the beginning dates. The schedules were as follows: 
BerlinninlJ d(tte o1lcl /I'l'qucnc1/ of cutting ElIdi11g cl(tte 

April 15: 
September 15 

6-inch height ....... _ .... ,. October 15
{ 
November 15 


JSeptember 15 

12-inch height .. ... " ) October 15 


\ November 15 

May 5: 


September 15

6-inch height .......... . 
 ...-. October 15{ 

November 15 

12-inch height .............. .. .. -- .. -.... - .. -· .. -·····{gr~E~:l~· H 

June 1: 

6-inch height .. 

12-inch height '" ,..•.. _ • 
.._ l 
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The dates £'01' the various treatments are approximate; at times 
it was necessary to vary them a few days one way or the other, 
In any event, an effort was made to obtain first cuts at an early, 
a medium, and a hay stage in the spring and last cuts at an early, 
a medium, and a late date in the fall. 

Cutting heights were established arbitrarily at 6 and 12 inches. 
The less frequently cut stands of the Ladino clover mixtures were 
sometimes cut at heights less than 12 inches because they did not 
reach that height during the summer and fall. The growth in
tervals, however, averaged about twice as long for the less fre
quent cuttings as for the more frequent. All stands were cut to a 
height of2 inches 011 each harvest date. 

Differential cutting treatments were continued throughout the 
seasons of 1947, 1948, and 1949. 

DETERMINING YIELDS QIo' FORAGE AND WEEDS 

Yield samples were taken in 1947 and 1948 from all plots and 
in 1949 from th;; Ladino clover-mixture plots only. In 1949 most 
of the alfalfa-mixture plots were very weedy and were overrun 
with a·volunteer growth of white clover. 

Yield samples were taken by mowing a strip through the 
center of each plot with a 36-inch sickle-bar power mower. The 
herbage harvested from such strips was weighed green and that 
from the October-last-cutting series of plots of all five replications 
was subsampled at each cutting during the season for determina
tion of dry-matter percentages and for botanical estimations. 
When herbage on a September- 01' November-last-cutting series 
of plots appeared to differ significantly in botanical composition 
from that of the regnlarly subsampled plots, it likewise was sub
sampled. In addition, all cuttings made in November were sub
sampled. Thus, samples were saved from more than one-third 
of all the plots cut. 

Each subsample was weighed immediately after harvest, placed 
in a cloth bag, dried in a forced-draft hay drier at approximately 
1800 F., and then weighed again in order to compute the per
centage of dry matter. 

In calculating acre yields of dry matter, the dry-matter per
centages obtained for the October-last-cutting series of plots were 
applied to data for herbage from the September- and November
last-cutting plots which had not been subsampled. 

In 1947 the yield of weeds on the plots was estimated just before 
each cutting, on all five replications of each treatment. In 1948 
and 1949 estimates of weed content were made on all the dried 
herbage samples from each of the five replications. The 1948 and 
1949 weed estimates were applied in the same manner as dry
matter percentages, because corresponding plots of different last
cutting-date series appeared to be similar in yield of weeds in most 
cases. When the herbage on a September- or November-Iast
cutting plot appeared to differ significantly from that of the regu
larly subsampled plots in weed content, it was sampled for a weed ie 
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estimation. On the basis of this estimation, acre yield of weeds 
was calculated from total dry matter harvested. 

Data on seasonal yields of both forage and weeds were subjected 
to an analysis of variance. 

Dry-matter yields of forage are reported on a weed-free basis. 
Weed yields, also, are repol'ted. 

DETERl\UNING BOTANICAL COMPOSITION 

Botanical estimates were made on all the herbage samples saved 
and dried in the seasons of 1948 and 1949. In most instances inde
pendent estimates were made by two individuals and averages of 
the two readings were recorded. A number of samples were 
separated by hand after the estimating, to check its accuracy; 
prevailingly, the estimates were found to be accurate. 

Botanical analyses for all plots were made, also, by the point
quadrat method in the spring and fall of 1947 and in the falls of 
1948 and 1949. The needles of the point quadrat were pushed 
through the herbage to ground level, and a hit was recorded for 
an individual species each time a needle touched a plant of that 
species-except that only one hit was recorded for a species on 
anyone needle, even if the needle had come in contact with a plant 
of that species more than once. If no plant was hit, bare ground 
was recorded. To calculate the percentage of plot area covered 
by each of the various species and the percentage of bare ground, 
the number of hits recorded for each species or for bare ground 
was divided by the total number of hits. 

Rainfall on the experimental area in 1947 and 1948 was 
favorable for crop production. Precipitation for 1947 amounted 
to 43.41 inches, compared with a local average of 41.94 inches. 
That for 1948 amounted to 54.62 inches. Distribution for both 
these years was good, with above-average precipitation during 
the growing season. In 1949 precipitation was much less favor
able, particularly during the summer and fan; it totaled 38.69 
inches, and was average or above average only in January, Febru
ary, and May. 

Unusually warm weather had an adverse effect on production 
during a part of the UJ49 growing period. 

RESULTS AND DISCUSSIQN 

COMPARATIVE RESI'ONSES OF MIXTURES 

Orchard grass-Ladino clover proved to be outstanding, under 
the conditions of these studies, among the four mixtures tested. 
In comparison with the others it was less exacting in management 
requirements, more productive under a variety of cutting treat
ments, superior il1 distribution of production through the growing 
season, less subject to weed encroachment, and in most cases 
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superior in maintaining a desirable grass-legume balance through 
the growing season. Bromegrass-Ladino clover was superior to 
the alfalfa combinations. Bromegrass-al£alfa proved the least 
desirable of the four mixtures, particularly under the more severe 
systems of cutting. 

For the Ladino- clover mixtures, proper methods of management 
were determined largely by the grass component. Orchard grass 
was extremely aggressive, and tended to crowd out Ladino clover 
under the less severe cutting systems. Brolaegrass was much less 
aggressive and was sensitive to time and frequency of cutting. 
The problem was to maintain bromegrass in the mixture, particu
larly during the summer and fall. Therefore, the most satisfac
tory cutting treatments for bromegrass-Ladino clover were those 
that favored the grass. Cutting procedures essential to main
tenance. of production and continued survival of the alfalfa mix
tures were largely determined by the needs of the legume. Alfalfa 
was less tolerant of cutting than any of the other species studied. 
It tended to be similar to bromegrass in its management require
ments. 

Where each mixture was given the kind of management that 
proved best for it, the four differed from one another very little 
in total forage production. Proper management had a marked 
influence, also, in leveling out differences with regard to summel' 
production, weed encroachment, and the grass-legume balance. 

• Of the different features of cutting treatment studied, frequency 
of cutting had the greatest over-all influence on total yield, 
distribution of production, ingress of weeds, and balance between 
grasses and legumes. Time of first cutting was nearly as impol'
tant, particularly in the case of bromegrass-Ladino clover and the 
alfalfa mixtures. Apparently, under the conditions of this in
vestigation, time of last cutting was the least important of the 
variables of treatment studied. 

That time of last cutting appeared to be less important than 
time of first cutting was somewhat surprising; much of the forage
crop literature has emphasized the necessity of careful fall grazing 
or cutting management, and in practice greater attention has 
usually been given to fall than to spring management. Perhaps 
the importance of proper spring management to the production 
and maintenance of grass-legume stands has been underrated. 
Much of the research on grazing and cutting management has 
been done in the Northern States, where fall management may 
well be more important than farther south. 

Under the hay system of management followed-cutting in 
early June and allowing the aftermath to reach a 12-inch height 
before each subsequent harvest-bromegrass-Ladino clover 
equaled orchard grass-Ladino clover in productivity (table 1). 
The alfalfa mixtures, m~ewise, were favored by this less severe 
type of management; over the 2 years in which their yields were 
taken they averaged about as productive under it as the Ladino 
mixtures, whereas under all the other cutting systems the aver
age yields were distinctly less. 

j 
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TABLE l.-Su'In'ln((1·ies of '/nca.n annnal acre yields of fomge, by 
cutting l1'equency, species mi;l:tw'c, ((nd date of fi1'st cutting 

2-YEAR PERIOD 1947-48 l • 
Dry matter produced per acre, by 


Frequency (cutting height) and approximate date of fhst cutting 

species mixture 


April 15 'May 5 June 1 


G inches: Tous TtJ 1l8 1'ons 
Orchard-Ladino ......................... '. 2.Gl 2.Sli 2.81 

Brome-Ladino ....................... ' .... . 2.52 2.52 3.05 

Orchard-alfalfa ...................... ,' 1.GS 1.78 2.03 

Brome-alfalfa ............................ ' 1.31 1.39 1.85 

12 inches: 
Orchard-Ladino ............. " ......... . 2.83 2.8(j 2.91 

Brome-Ladino ._ ................... _. _.• _ 2.92 2.Gl 3.09 

Orchard-alfalfa ......................... . 2.19 2.15 2.75 

Brome-alfalfa ............................. _ 2.14 2.19 2.73 


3-YEAR PERIOD 1947-49" 

6 inches, Ladino mixtures .................. . 2.51 2.G2 2.85 
12 inches, Ladino mixtures .............. _.. . 2.75 2.65 2.90 
Both frequencies: 

Orchal'd-Ladillo .. ' ....................... . 2.G3 2.79 2.85 

Brome-Ladino ............................. . 2.63 2.'18 2.90 


, Least significant difference at 5-percent level: Between mixtures within a •date within a frequency, 0.29 ton; between frequencies within a mixture within 
a date, 0.17 ton; between dates within a mixture within a frequency, 0.31 ton. 

" Least significant difference at 5-percent level: Between frequencies within 
a date, 0.07 ton; between dates 'within a frequency, 0.26 ton; between mixtures 
within a date, 0.13 ton; between dates within a mixture, 0.28 ton. The inter
action of dates X frequencies X mixtures was not significant. 

The alfalfa combinations did not differ from one another in 
prodt:~~lvlty under the 12-inch cutting frequency. However, 
within the April- and May-first-cutting series of plots cut at the 
6-inch stage of growth, orchard grass-alfalfa was more productive 
than bromegrass-alfalfa over the period 1947-48. The Ladino 
clover mixtures did not differ from one another in total forage 
production where cutting began in April or June, whether the 
forage was cut at the 6-inch or at the 12-inch height. Where 
cutting began in May, orchard grass-Ladino clover produced more 
than bromegrass-Ladino clover over the period 1947-49, regardless 
of cutting frequency. 

Although the differential effects of last-cutting treatments on 
forage production were less apparent, in 1947 and over the 2- and 
3-year periods forage production usually averaged less where 
cutting ended in September than where it ended in October or 
November (table 2). The effect of time of last cutting was es
sentially the same for all mixtures; in no case was the interaction 
of last cutting dates X mixtures significant. In 1948 the Novem • 
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ber-last-cutting treatment resulted in higher yields than either:. of the others. In 1949, when yield data were taken for the Ladino 
clover mixtures only, differences in last-"cutting treatments pro
duced no differences in yield of forage. 

Yield summaries roughly indicating the distribution of produc
tion by the various mixtures through the season are presented in 
tables 3 and 4. The mixtures including Ladino clover produced 
more uniformly through the growing period than those including 
alfalfa. While the differences in yields between the two Ladino 
clover mixtures were not large under the systems of management 
favoring bromegrass, orchard grass-Ladino clover was a more 
certain and consistent producer of forage during midsummer than 
bromegrass-Ladino cloyer. This was especially true in 1949, 
and in the May-first-cutting series in 1947 and 1948. Orchard 
grass-alfalfa was superior to bromegrass-alfalfa in distribution 
of yield. 

TABLE 2.-Smnma1'y of mean annual aC1'e 1Jields of fomge 1 by 
lCLst cutting date, fo1' all mixt?wes cmel all fi1'st cutting clcdes, in 
1947-49 

• 
Dry mattel' pl'oduced per acre, by approxi

Period and frequency (cutting mate date of last cutting 
height) 1---·--·.------,------

September 15 October 15 November 15
---------------1-------1-------·1----------

Tons Tons Tons 
1947, both frequencies ......._" .. 2.53 2.76 2.74 
1948, both frequencies ........... . 2.07 2.11 2.24 
1947-48: 

Both frequen~ies .........._.. . 2.30 2.44 2.49 

6-inch frequency ............. . 2.13 2.20 2.27 

12-inch frequency ........... . 2.46 2.67 2.71 


1947-49," both frequencies ....... . 2.62 2.73 2.79 


1 Lea&t significant difference a1; 5-percent level: Between dates, 0.13 ton for 
1947, 0.12 ton for 1948, 0.11 ton for 1947-48 and for 1947-49; between 
frequencies within a date, 0.07 ton; between dates within a frequency, 
0.13 ton. The interaction of dates X mixtures was not significant. 

"Yield data of 1947-49 are for Ladino clover mixtures only. 

Orchard grass ordinarily started growth in the spring from 
10 days to 2 weeks earlier than bromegrass and maintained much 
more active growth during the summer. Orchard grass also made 
greater growth in the fall. Bromegrass, once it had begun active 
growth, grew rapidly for a period of 4 to 6 weekS, very often 
reaching a higher peak of production by the first of June than 
orchard grass. Probably the greatest weaknesses of bromegrass 
noted in these trials were its pronounced lack of growth during the 

• 

summer and fall and its susceptibility to RhizoctonicL .soicmi. 


The orchard grass-Ladino clover mixture maintained a higher 
proportion of grass throughout the season than the bromegrass



-----------------

20 TECHNICAL BULLETIN 1063, U. S. DEPT. OF AGRICULTURE 

TABLE3.-Mean annua,l aC1'e yields of fomge JJ1'oduced by S1Jecies 
mixt'l.M'es bef01'e and afte'/' July 1 in 1947'-48, by cutting !1'e- • 
quency and times of tint ancl last cuttings 

1947 

Dry matter produced per acre 

Frequency (cut-
Orchard- Brome- Orchard- Brometingheight) and 
Ladino Ladino alfalfa alfalfatimes of first and 

last cuttings 	 -
Before After Before After Before After Before After 
.Tuly 1 July 1 .Tuly 1 July 1 July1 July1 July1 July 1 

6 inches: TOllS TOlls Tons Tons Tons Tons Tons TOlls 
April-September 1.62 o.n 1.80 0.97 1.42 0.63 1.44 0.31 
April-October 1.77 1.09 1.65 1.07 1.24 .65 1.72 .37 
April-November 1,80 1.13 1.85 1.21 1.36 .65 1.48 .33 

May-September 1.76 1.12 1.44 1.13 1.37 .70 1.44 .47 

May-October 1.81 1.23 1.57 1.33 1.25 .82 1.55 .46 

May-November 1.73 1.28 1.46 1.27 1.52 .91 1.42 .45 


June-September 1.87 .82 2.08 1.04 1.74 .70 2.05 .40 

June-October 1.90 .90 2.06 1.12 1.73 .71 2.06 .41 

June-November 1.89 .87 2.14 1.20 1.74 .66 2.16 .40 


12 inches: 
Ap ril-Septem bel' 1.39 1.29 1.49 1.27 1.13 .94 1.29 .90 
April-October 1.38 1.84 1.50 1.70 1.08 1.27 1.46 1.45 
April-November 1.43 1.67 1.49 1.62 1.25 1.21 1.43 1.02 • 
May-Septembel' 1.70 1.10 1.78 1.04 1.47 .80 1.59 .69 

May-October 1.78 1.58 1.86 1.15 1.44 1.15 1.90 .81 

May-November l.6n 1.44 1.78 LOu 1.55 1.06 1.58 .65 


,Tu ne-Septem bel' 1.49 1.38 1.70 1.28 1.46 1.35 1.80 1.17 

June-October 1.47 1.78 1.61 1.69 1.38 1.51 1.77 1.23 

June-November 1.48 1.60 1.73 1.(iO 1.50 1.55 1.97 1.36 


,____• _____,_T'~ •• 
•.,--.;.,,-,-<-., .~,.)~----~....~-,-----------~ 

_. 1948 
~~-~...-, .. _...." ,----.~,--~-.-.,",- .,.",.-

6 	inches: 
April-September 1.44 0.72 1.55 0.61 0.81 0.51 0.42 0.18 
April-October 1.28 1.08 1.28 .83 .73 .63 .55 .31 
April-November 1.71 1.09 1.54 .76 .79 .66 .48 .29 

May-September 1.92 .83 1.58 .67 .86 .50 .62 .23 

May-October 1.81 .90 1.72 .70 .81 .51 .64 .21 

May-November 1.82 ,90 1.52 .69 .94 .52 .62 .25 


.Tune-September 1:.93 .96 1.93 .93 1.03 .58 .81 .38 

June-Octcher 1.65 1.15 1.56 1.10 .95 .65 .75 .49 

June-November 1.70 1.20 1.91 1.21 1.04 .68 .76 .46 


12 inches: 
April-September 1.06 1.43 1.15 1.50 .77 1.16 .60 .89 
April-October .82 1.93 .97 1.82 .59 1.46 .69 1.22 
April-November 1.01 1.75 1.18 1.83 .77 1.55 .71 1.15 • 



• 


• 


• 


GRASS-LEGUME MIXTURES UNDER DIFFERENTIAL CUTTING 21 

TABLE 3.-Mean annual aC?'e yields of f01'£Lge 1)1'oduced by species 
mixtw'es bejo1"(j and afte?' July 1 in 1947-48, by cutting l1'e
quency (mel times of fint ancl last cuttings-Continued 

1:J1~ 

-------------,------------------------------------------
Dry matter 11roduced per acre 

F!:equency (cut
Orchard Brome Orchard BrometiJlgheight) and 
Ladino Ladino alfalfa alfalfatimes of first and 

last cuttings 	 ----~----I----~----I----~----I----~----
Before After 'Before After Before After BE':fore After 
Julyl Julyl Julyl Julyl Julyl Julyl July1 .July!

-------------1----------------- 

12 inches: TOllS '1'0 11 S Tons '1'0111{ 1'01/s Tons TOI1.~ T01IS 
May-September 1.49 1.38 1.23 .8~ .87 .82 .96 .67 
:May-October 1.H 1.47 1.31 1.05 I .74 1.01 1.15 1.04 
:May-N ovembel' .98 1.44 1.40 1.14l.93 ] .10 1.08 1.02 

June-September 1.27 1.46 1.40 1.50 1.32 1.43 1.23 1.20 
June-October .97 1.78 1.16 1.65 .88 1.39 .99 1.11 

__J_u_l1_e-_N_o_v_e_m_b_eI_'_-,-_1_.0_8_-4.__1_.6_·~_ 1.37 ~_ 1~1~ _..1.5_~~~~ . ~1~3~ 

Ladino clover mixture (tables 5 and 6). Under some of the less 
severe cutting systems, the orchard grass tended to predominate 
in this mixture at the expense of the Ladino clover. Summer and 
fall production of the bromegrass-Ladino clover mixture under 
the more severe cutting treatments was provided almost entirely by 
the Ladino clover. 

One of the outstanding differences that appeared among mix
tures was in their capacity to compete with weeds. During the 
first year of the studies weeds were sufficiently abundant to be 
of practical importance in only one mixture--bromegrass-alfalfa. 
Throughout the course of the studies ·weeds were of major im
portance in the bromegrass-alfalfa mixture, but they were usually 
much less important in the other mixtures (tables 5-8). They were 
of minor importance in the orchard grass-Ladino clover mixture 
except on a few of the plots in 1949. The average yields of weeds 
in the Ladino clover mixtures in 1948-49 and in the alfalfa 
mixtures in 1948 are given in table 9. In 1948 the orchard grass
alfalfa mixture tended to be intermediate in weed yield between 
the two LacUno clover mixtures. In 1949 and over the 2-year 
period 1948-49 there were more weeds in bromegrass-Ladino 
clover than in orchard grass-Ladino clover under all systems of 
cutting except the hay system. 

The responses of the different mixtures to cutting treatment.s 
were influenced to a considerable degree by the prevalence of 
weeds and the succession of weedy species through the season. The 
appearance of weeds was one of tbe first indications of mismanage
ment. 

Of the weeds that occurred in the spring and fall the most 
common were chickweeds (Ce1·({.'Itium Cl1'Vense, C. tllllg(l,t1.l1n, and 

http:1.14l.93


TECHNICAL BULLETIN 1063, U. S. DEPT. OF AGRICULTURE 

TABLE 4.-Mea1L acre yields 01 f01'Clfje 1)}'oducecl by Ladino clo'ver 
1n'ixtU1'es belo1'e and altel' July 1 i1i 1949, by cutting !1'equency 
and times of fi1'St and last cuttings 

Dry matter produced per acre 

Frequency (cutting height) 
ana times of first and last Orchard-Ladino Bl'omc-Ladino 
cuttings 

Before After Before After 
July1 July 1 .July 1 July 1 

6 inches: TOllS TOII.q Tons Ton.q
April-September ...._•.•.... 1.71 0.50 1.06 0.40
A pril-Octobet· ...•....••...... 1.60 .67 1.83 .58
April-November ._ ........ . 1.02 .64 1.84 .59 

May-September ............. . 1.82 .65 1.82 
 .59
i\1:ay-October ................ .. 1.73 .75 1.77 .70
MaY-November _..... ~ ... .. 1.83 .84 1.78 .64 

June-September ............ . 2.21 .40 2.10 .44 
June-October ................ 2.12 .66 2.01 .40 
June-November ." 2.27 2.00_0' .. .GO .50 

12 inches: 
April-Septcmbcr ........... . 1,46 1.00 1.55 .84 
April-October .............. . 1.33 1.17 1.46 .03 
Apl'il-Novembel' ••... . .. j 1.53 1.18 1.64 .00 

May-September ........... .. 1.80 .05 1.51 .77 

May-October ........ . 1.61 1.00 1.44 .84 

May-Novemhel' ............ . 1.70 1.12 lAO .71 


June-September... ..... ~. 1.75 1.16 1.63 .06 
June-October .............. . 1.50 1.23 1.48 1.04 
J u nc-N ovem bel' 1.63 1.22 1.50 .09 

j 
,~ ._~ __",w_,~_,~~~~"-~,, .- ••• ''---<;~ -~ ~ 

G. viscosum) , sheep sorrel (Rumex acetosella) , curled dock 
(Rztme;v cl'isplls) , buckhorn plantain (Plantago lanceolatu) , com
mon plantain (P. major), dandelion (Taraxacwn officinale) , 
wintercress (Barbal'eCL 'l.'ulgal·is and B. 'verna), may weed 
(Anthemis cotul(L), field peppergrass (Lepidiu.m. ca-m1Jest1'e), low 
sedge (Kylling(~ 1mmila) , and speedwell (VeJ'onica se1·pyllifolia). 
The chickweeds were probably the most prevalent of this group; 
wintercress, sheep sorrel, plantain, and curled dock occurred fre
quently. The plantains occurred to some extent throughout the 
year-probably surpassing any other weeds in this regard. 
Plantains were most prevalent during late summer and fall. 

Although many different weed species were present in the spring 
and fall, their combined effects on the performance of the seeded 
mixtures were not so great as those of the principal summer 
species, crabgrass (Digitaria. sanguinalis) and foxtails (Seta?'ia 
spp.). Nutgrass (Gypel'1l8 esculentu.':I) was present during the 
summer on some of the plots. Among all the weeds present, crab

• 

• 


• 
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grass probably had the most important effect on the sown species, 
Ordinarily it started to germinate and emerge in late April and 
early May, However, it was usually not until mid-July that crab
grass made sufficient growth to appear in the harvested forage, 

TABLE 5,-Botctniccd c01n])osition of hm'bage ha?'vested in 1948-49 
/1'om 01'Cha1'd g1'Ctss-Ladino ClO1.'e1' plots, as estimated /1'o11L 
d1'ied sa.mples 1 

1948 
..- -

Frequency (cutting height) , Composition of herbage harvested 
_···••• _w__· __ ___•cutting period, and date of ._

cutting Orchard Ladino Bluegrass Weeds 

6 inches: Pm'cent Pcn'cent Percent PCI'cent 
A pl'il-Octobcr: 

April 22 ......_.......... 78 ~1 1 Tr 
May 12 .... ~'" ................... ,. .. " 68 25 4 3 

................... ~~ ~ ~ .. _ .. w
June 10 (i2 33 3 1 
.Tune 28 ........................... ... ~ . 64 34 2 Tr 
July 21 44 54 1 1.. a .. ~ • ............... '"' ... ~. 


August 26 .... ~ ......... ~ .. ~ - , 49 35 8 8
~ 

October 14 ..... '" ........ ~ .. ~,. .. 29 51 3 17 

j\fay-October: 

May 5 .... " ,. ~ .......... .. ~ -". , - 71 28 1 Tr 
June 7 .._................ 67 28 5 0 
June 28 ,,~ .... ~ .............. ., .. 62 37 1 0~ ~ . 

July 21 ......... ...... "''''''' ........ ~ 52 46 1 0 
August 17 "',. 

~ 

.... .. ". ... 63 3~ 3 1
~ ~~~~• 

~ 

September 14 ........ ., .. - 49 38 0 13~. 

October 14 .. ~ -... " .._..... ~ - 36 61 0 3 
June-Octobcr: 

May 25 .. " -.. ~ .... -... ~ .......... 91 8 1 1 
•Tune 17 .. .... ..... 61 36 3 Tr,.,,~ -~~" -~~~ 

July 8 .. ~~.~~ .... ~~~ .. ~ .... .. 50 48 1 Tt· 
August 6 .... <" .............. ~ M 6G 31 2 Tr 
September 3 ..... .- ~ .. * ••. 54 42 1 4 
October 14 "''' .. ~ ... . _. - 51 38 2 !J 

12 inches: 
~ ~" 


April-October: 

~ ~ ~April 22 , , .. . ... -. 84 16 0 Tr 

May 27 ~ .. n"- .. '"_ •• 7!1 19 1 1.... ~ ... ~ _ ~ 

.Tuly 12 .. ..- .. ~ . ......., , .- 85 1~ 2 0
~ " "~ 

September 3 .. " - , . 84 III 2 1 
October 14 .. ~ .. ,. ~ ....... " 57 42 1 1 

l\'fny-October: 

~ ~ " 

~. ~ " 'May 5 -......... .. ~ ... 79 1!1 1 1 

]... ~~"'~.-"'- ....Tune 10 ..... ""~ 76 22 1 

.Tuly 21 .. "". ~ ......, .. " ... 87 1~ TJ' Tr 
September 14 

~ 

85 10 2 3
.. w .. ~ ." • 

October 14 ....... - ~ .~ 41 57 Tt· 1 

June-October: 

May 25 ,.~ .'" . ~ .. , ... " !It 8 Tr Tr 
.Tuly 8 .. - 7!1 17 4 TJ'

~~",~.~~~ ~ 

• 
~ ~ September 3 .. " ....... 85 12 2 1 

~October 14 .... - .. ,. .. 61 37 1 1,L_____ .._,__<'.,,_..._ 

1. Tr ~ trace. 



---

1949 
- ,--'"..-...~" 

Frequency (cutting height), Composition of herbage harvested 

cutting period, and date of 
 -- '---.......--~"'-.---....~.------
cutting Orchard Ladino Bluegrass Weeds 

6 inches: Percent PCl'CClit Percent Pm'cent
April-October: 

April 19 .•.••.•.••..... _.. 43 50 5 2
May 0 ..... .. ~,.. ..-.................... 38 47 13 2
May 31 

~ 

29.................................. ,0 
 54 15 1
June 27 .... .., ...........-............ 26 57 16 1

July 19 ........................... " ~ .. 

"'~ 

- 2G 62 11 0

August 25 .... ....... ......... 

~ 

2!J 3!J 10 23
~ ~ ~ 

October 12 _... ~ .. " ".......... ~ ... 32 20 IG 32

1\fay-October: 

May 5 .. ....... ~.., ....... ,.. ........... 7a 15 7 5
May 31 

~ 

........ -
~ 

................ 52 42 ,1 2
June 24 ........ ....... ~.~ 

~ 

.. 
~. 

"'. 38 5G 4 1~~~-~ 

July 19 .. ~ ........ ~""" ¥." ~ 36 55 n TJ'
R~" 

~ ~ ~-~~~.August 25 .... .... 43 44 G 7
October 12 45 In..... M • _ ...... ,.,0 6 30

J une-Octobel': 
~ ~. 

~
May 25 .. -~ . - .. ,. .... ~ ...... 84 '7 8 1 

July 19 
~ ~~

,Tunc 27 ... .. ~ ... ,."'~ ....... ... 36 57 G 1 

' ~ ~ ~. ~ ...... .. '" .......... 38 57 4 Tl' 


-~.~ ~August 25 .. ...... -.. .. ~- 59 34 3 3

October 12 .... " ... .... ~ ........ 64 22 3 10 
 •12 inches: 

~ 

April-Odober: 
April 10 80 19 1 1.... ~ • 8 - .. ~ .... " ......... 


~ ~
May 31 "' ..... " ..... -.... "' .. " .. 81 12 8 0
July 13 ", ... ,. ....... ",,,,. .. ". ~ ..., 62 30 9 0
OctobeJ' 12 ....... " ......... ... 

' 

89 2 7 1 
May-October: 

~~ 

May 5 '" ~,. ...... " ... -... - - 88 10 2 Tl' 
.Tune 13 .. ~ .. ~ .. , 

~ 

". 

~~ 

~ .. ,. " ~, 67 29 4 1 
~ , ~ "~ ~ "AugU!;t 9 ............ . 91 fl 3 l


October 12 .. " ~ .. ~ .. .. .,., . 91 5 3 2 

June-Octoher: 

~ 


May 25 ..... ........... ~ ~ ..... ,. ~ . 88 7 4 TJ' 

July 13 

~ 


~ ~ _"",q' ~ .... " e -+ ~ .. ~_ .. 70 28 2 0 
October 12 ... --.,- " 86 7 5 2 

1 Tl: ;::: trace, 

During the next 2 or 3 weeks this weed developed very rapidly. 
Heads began to appear during or soon after the first week in 
August. Crabgrass was extremely competitive during August 
and September. Its growth rate declined sharply in early October, 
or earlier when frost occurred. 

The trends in weed populations during the season and from year 
to year are shown in tables 5-8. Of partiCular interest is the fact 
that neither the spring and fall weeds nor the summer weeds were •

L__ 
I 
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much in evidence during June or early July of any year. At that 
time only small quantities of weeds were present even on the most 
severely cut plots, whi~h had the poorest stands of the seeded 

TABLE 6.-Botanical c01n1JOsition of he1'bage hCL1"vested in 1948-49 
j1'om b1'omegmss-Ladino clove1' plots, as estimated f1'o111, d'ried 
samples 1 

1948 

Composition of herbage harvestedFrequency (cutting height), cut
ting period, and date of cut- - 
ting Blue· Or.Brome Ladlllo Weeds 

grass chard 

6 inches: Pcrcent PCl'cenl PC1'cent Percent Perccnt 
April·October: 

April 22 ••••••.••••..•..•...• 50 40 Tl' 0 3 
.... ,.., .. _ ........... Jo ..................
May 12 36 57 5 0 2 

•June 10 -- ......... ' ................-..........- 20 74 5 0 1 

June 28 ............ ,.. ...............---- .... 13 86 Tr 0 Tr 

July 21 .. " ............. " ...... __ ........... "' .... 

~ 

7 82 0 0 11 

August 26 ...................... __........ 5 49 Tr 0 46 

October 14 .............................-..- 4 49 0 0 48 


'May-October: 
May 5 .................. ---_ ............ _........ 23 66 8 0 2 

• 
• J une 7 •••.••...•••..•.....•... 19 74 6 0 1 
June 28 ...... -- ...-.. ---- -- .. __ ...... -.. 5 89 6 0 Tr 
July 21 ..... --- .. -- ...........-,. .. -_ ....... 3 93 1 0 3 
August 17 ...... _........................... 3 78 3 0 17 

September 14 ..... -..-----.... ,.-~ 1 20 2 0 77 
October 14 .. -.... _- ..... __ ................. - 2 70 0 0 28 


J un e-Octo bel' : 
May 25 ..-_ .. -......................... _........ 60 28 2 0 2 
June 17 ..........-........ ".........._.. "' ...... 

~ 

15 82 2 0 1 
July 8 11l 70 2 0 Tr 
August 6 ................................ ,. ........ 13 76 0 0 11 
September 3 ...... ~ ...... ~ .. ~ ..... ,.". 4 64 0 0 32 

.. -~----- ............................ ~oj ..... 


......H ........................
October 14 5 59 0 0 36 
12 inches: 

Apl'il-Octobel' : 
April 22 ................. --. 51 47 1 0 1 

~. " ~"May 27 ............ ...... . 67 31 TI' 0 1 

* .. u _.July 12 ~ ..... • ~ .. ". 50 47 2 0 Tr 

Septembel' 3 ..... , ... 40 50 Tr 0 10 
October 14 .... ~ ~ ...... .. -... " ... " 10 82 Tr 0 7 

May-October: 
~ 

.. - .... Q ~ "' ......... ~
May 5 .-- ~ .. 22 72 6 0 ] 

June 10 "' .............. ,.M .... ~ •• - . ,". 2!i 70 3 0 1 
July 21 

~ ~ 

12 70 3 0 6........ ~~.., .. _ •• ~w ~~4_. 


~ ~ ~September 14 , '"',. .. '...... 5 43 1 0 5] 
October 14 ... .. " ~ >0 _ " ~ .... ~ ....... 5 01 TI' 0 4 

J une-Octobel': 
May 25 ....,.. .. 70 27 2 0 1~ ... ~~~. ","~-~ ~ " "~, 

,July 8 37 60 3 0 0 
~'''" " 

~ ~ 'September 3 .. ~" - " ~ . -.... . 33 58 Tr 0 9 
October 14 ,. 10 83 Tl' 0 7

I 1 
,..".......

• I Tr = trace. 
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TABLE 6.-Botanical composition oj he1'ba,ge h(t1'vested in 1948-49 
j1'01n b1'omeg1'ass-Ladino clover plots, as estimated j1'om dried 
samples I-Continued 


1949 
 • 
Frequency (cutting height), cut Composition of heruage harvested 

ting period, and date of cut- I---~--.,...--.-;----;---
ting Brome Ladino Blue 01'- Weeds 

grass chard 

6 inches: Pel'cent Percent Percent Percent Percent 
April-October: 


April 19 ...................... 
 9 83 2 2 5May 9 ....................... . 7 R7 
 4 1 1
l\-fay 31 .................... . 2 94 2 1 1

June 27 ...................... 
 4 90 4 1 1
July 19 ...................... 
 3 90 1 1 4
August 25 ................. . 
 1 36 Tr 1 62
October 12 ..................1 
 6 37 1 1 56May·October t 
May 5 ........... ....... "'1 14 62 5 7 12

lVlay 31 .......... . ...... d 
 4 89 5 2 1
June 24 ..................... .! 5 88 
 1 5 1
July 19 ....................j 4 83 8 3 2

August 25 ................( 1 39 4 1 
 55
October 12 ............... __ 
 6 42 5 1'1' 47J une·October: 1 
May 25 ......................l 56 30 4 5 6 

•June 27 ..................... . 13 84 2
1 oJuly 19 ..................... . 92 1
5 1 1
August 25 ................. . 2 42 1 Tr 56

October 12 ................. 4 33 Tr
Tr 6212 inches: 


April-October; 

April 19 ................... . 41 51 1 
 1 6
l\'lay 31 ...................... 63 32 Tr
2 3
July 13 ...................... 31 65 3 Tr 
 1
October 12 ............ .. 35 
 36 2 T,' 28l\fay-October: 

1'v[ay I) ........................ 19 63 
 1 5 12
June 13 ...................... 9 79 5
1 6
August 9 ............. __ .. 1. 29 48 1 
 13 9
October 12 ................. 24 44 Tr 13 18


June-October: ! 
May 25 ......... ..... j 68 27 1 2 2
July 13 ..................... ' 34 6:3 2 Tr Tr
October 12 ...•.......•...... ; 39 47 1 Tl' 13 

1, Tr = trace, 

species, and herbage harvested from the well-managed plots was 
practically weed-free. Apparently, late June and early July 
formed, a transition period to!' the spring and summer weeds, atI, which the former had passed their peak of growth and the latter 
had not yet reached the stage of rapid development. 

• 
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'rABLE 7,-Botanical composition of he1'bage ha1'vested. in 19.48 
from 01'cha1'd grass-alfalfa plots, as estimated j1'om dried 

,: samples 1 

Frequency (cutting height), cut
ting period, and date of cut
ting 

6 inches: 
April-October: 

April 22 ..•..........•········1 
May 12 _._.•• -•.....•-.._..•_ 
June 10 .. "' ......................_"" .............-
June 28 --""'- .. -,. .......... "' ... --_ .. _.... 
July 21 .... .., ............... __ ..................-

August 26 ........ _..........-.... '......... 

October 14 -,.. .. -............. -..... -.. -_ .. 


May-October: 
May 5 --- .. ---- ...........-_ .. ---_ ...... 
June 7 ._. __ ................_.. 

June 28 .. --- ............ --_ ... __ .. _~--

July 21 --_ .... _--.... --- .. -- ............ 

August 17 ...... -....-..__ ................ 
September 14 _.. __ .. __ ............. 

October 14 _.............-..-................. 


• June-October: 
May 25 ...................... ,. .. ,. .. _-- ..... --
June 17 _ ............ 1 ...................... -,. .. 


July 8 ..".. ---....-..........--- .............. ", 


August 6 ............... -....................... 

September 3 .............-_ ..........---

October 14 _................. 


12 inches: 
April-October: 

April 22 .. __ ............ -- .. -....._..... 

May 27 ... _....... -..... -..... _--........ ....
~ 

July 12 .... -........... ..... -- .. -- ...... '"
~ ~~ 

September 3 .... ~ ...... -.................... 
October 14 ........ _ .......... _ ... M ....... 


May-October: 
May 5 .... ,. ....................... ...... " ..... " ..~ 

June 10 .............. ....... ~,.. ................~ 

July 21 ......... , .................................. 

September 14 .............. -......... " 


October 14 ....... ,. .....-.......... -..-.... 


June-October: 
May 25 ........................ ., .................. 
July 8 .... •• ft .. ~ .... " .......................... 


September 3 ----..-... -~- ........-,. .. 

October 14 ............................. ..
~" ~ 

1 Tr= trace, 

Composition of herbage harvested 

01'- Blue- WhiteAlfalfa Weeds
chard grass clover 

Percent Percent Percent Pel'cent Perccnt 

85 
80 
69 

3 
0 

Tr 

0 
1 
0 

9 
16 
28 

3 
2 
3 

87 
82 
72 
42 

1 
Tr 

1 
1'1' 

0 
0 
0 
0 

10 
14 
14 
21 

2 
4 

13 
37 

88 
87 
84 
89 

Tr 
1 
1 
1 

2 
Tr 

1 
0 

6 
6 

11 
9 

4 
5 
3 
2. 

93 Tr 0 3 3 
20 
28 

Tr 
1 

0 
0 

1 
5 

78 
65 

87 
88 
91 
91 

1 
2 
1 
1 

1 
0 
0 
0 

7 
9 
7 
6 

4 
1 
1 
2 

89 
55 

1 
2 

0 
0 

5 
13 

6 
30 

0 4 1 
68 17 2 10 2 
80 8 1 9 3 
80 14 0 3 3 
52 27 0 11 10 

76 19 

81 11 Tr 6 2 
77 12 0 4 6 
79 6 0 11 4 
36 ]9 0 5 39 
52 33 0 8 7 

78 16 1 4 1 
66 26 1 7 1 
72 25 0 2 2 
56 40 0 3 1 

1 
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t TABLE 8,-Botanical c01nposition of hm'bage ha1'vested in 1948 
t /1'01n b1'01negmss-alfalfa
1 samples 1I 

Frequency (cutting height), cut
ting period, and date of cut
ting 

6 inches: 
April-October:

April 22 ______________________ 
May 12 ----- -- -- .. -- ...--- -- ..-. 
June 10 -- ...... __ ..... -_ ...... _-----_ ..... 
June 28 ...... -- -- .. _-- .. __ ...... -----
July 21 ---------- ... -. -- _... _----
August 26 _............-- .. -.. ----- .. 

October 14 ............. -- ...... _- .... -.. 

May-October: 
May 5 ....---- .. -... - .... ---- -- ... -----
June 7 .. ---------- .. - .. --------_ .. 
June 28 ---.. --- --- ...... _.. -_ .. -_.... 
JUly 21 -- .. -- ... _-_ .. -- .. -- ... --_ ... _-
August 17 -- .. --- --- .. _.............. 
September 14 ....... _----------
October 14 -- ..--- .......... -- ... _-_ .. 


June-October: 
May 25 .. '- ....... -...... -- .... ---.-_ ..... -
June 17 --............. --........... -..... _--
July 8 --- .. _------- .......... -.. -.. _--

August 6 .................. --------- ...... 

September 3 ...... ----- _.... _.. ---
October 14 ........... _--_ ......... _-_ .. 


12 inch.es: 
April-October:

April 22 ________________ ...•.. 
May 27 -- ... _----- .... -_ .. _-- .. -- ..-
July 12 --------........ _--_ ... -.... -.. 
September 3 -- .. -..... -.. -~ ... ~ ... "' ..... 
October 14 ,.. ... ---_ ..... -- ............... 

May-October: 
May 5 --- ...,. ...._.... --"............. _... _--
June 10 ----- --- ... _------- ... ---~ 
July 21 .. -_.......... ---- -_ ......-....... 
September 14 .. -.. -.... ,. .......... _--

~ 

October 14 -.. -.. _----_ ...... _-- .... 

June-October: 
May 25 -- .. -.. -... --- .... --------... -
July 8 ..-...._- ..... _-- .... ,., .. _----'" _.... 
September 3 _................................ 

October 14 ...............................--_ .. 


plots, as estin/'ated /1'01n d1'ied • 

Composition of herbage harvested 

Blue- WhiteBrome Alfalfa Weedsgrass clover 

Pel'cent PCl'cent Percent Percent Pcrcent 

35 3 0 23 39 
31 Tr 1 29 38 
20 Tr Tr 51 29 
34 1 472 16 
26 Tr Tl' 43 30 

7 Tl' 0 6 87 
4 Tr 0 10 86 

39 Tr 4 13 44 
39 1 4 13 43 
49 1 102 37 
32 Tr 1 J2 25 
10 1 0 6 84 

4 Tr 0 3 9:3 
3 Tr 900 7 

51 3 4 12 29 

30 5 Tl' 49 16 
 •52 4 0 34 11
2!) 1 0 13 57 

6 1 0 16 77 
6 1 0 13 80 

28 57 20 1:3 
36 28 2 11 22 
34 24 4 22 17 

10 10 0 2 7R 

11 30 7
0 52 

40 40 10 5 6
30 58 51 6
48 19 10:3 21 

8 21 0 2 69 
8 76 0 2 14 

47 26 12 4 12
23 50 10 7 9


8 12 0 3 77

8 30 0 5 57 


1 Tl' = trace, 

•
L __ 
i 
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TABLE 9.-S~t1n1na?·Y of mectn c£nnual aC1'e yield.,; of 'weeds, by cu,t
ting j1'equency, rni~ctU1'e, c£nd dale of /i1'st cuttino, in 19-'+8 and 
in 19-,+8--,+9 

Dry matter produced per acre, by approximate 
date of first cutting 

Frequency (cutting 
height), and 
cies mixture 

spe 1948 1 1948-49 • 

April May June April May June 
15 5 1 15 5 1 

6 inches: Tons Tons Tons Tons Tons TOlls 
Orchard-Ladino ______ 0.07 0.04 0.03 0.12 0.08 0.04 
Brome-Ladino ________ .46 A1 .26 .43 .40 .32 
Orchard-alfalfa ______ .18 .27 .09 .. _---- .. _.. _- .. -_ .....----- .........-----
Brome-alfalfa ________ .94 1.17 .81 .. -- ........__ ....
.._----- ........- -----_........

12 inches: 
Orchard-Ladino ______ .01 .03 .02 .01 .02 .02 
Brome-Ladino ________ .09 .38 .07 .13 .32 .08 
Orchard-alfalfa ______ .06 .32 .04 ----------- ----------- ... --..------ ....
Brome-alfalfa ________ 1.00 .95 .99 ----------- ----------- -"'-------"'

1 Least significant difference at 5-percent level: Between mixtures within 
a date within a frequency, 0.26 ton j between frequencies within a mixture 
within a date, 0.14 ton j between dates within a mixture within a frequency, 
0.15 ton. 

" Least significant difference at 5-percent level: Between mixtures within 
a date within a frequency, 0.09 ton; between frequencies within a mixture 
within a date, 0.07 ton; between dates within a mixture within a frequency, 
0.10 ton. 

ORCHARD GRASS-LAOINO CLOVER 

Orchard grass-Ladino clover was much less exacting in its 
management requirements than any of the other mixtures (table 
1). Frequent cutting reduced the yield only where it began in 
April. 

Production under frequent cutting tended to be less where cut
ting began in April than where it began in June, although the 
differences were not always statistically significant (table 1). 
Where the aftermath was pei"mitted to reach a height of 12 inches 
before being harvested, yield was unaffected by time of first 
cutting. 

In general, orchard grass-Ladino clover was more productive 
where cutting continued beyond September (table 2). It appeared 
to make little difference whether the cutting ended in November 
or in October. 

Distriblltion of production through the season was influenced 
markedly by frequency of cutting and to a lesser extent by time 
of first cutting (tables 3 and 4). Yield of forage after July 1 
was nearly always greater on plots cut at the 12-inch stage than 
on those cut frequently; in 1949 it was in several instances about 
twice as great. Where cutting was begun in May rather than in 
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April or June there was a tendency for Slimmer and fall yields to 
be depressed on plot:; cut when the herbage was 12 inches tall. In • 
1948 summer yields on plots infrequently cut were greatest, by 
a small margin, where cutting began in April. In 1949 summer 
yields under this system were slightly exceeded by those uncler 
the hay system of management. 

Where cutting ended in September, early-spring yields of the 
following year tended to be greater than where cutting had con
tinued into October or November-particularly under the 12-inch 
frequency. Any advantage in yield associated with September 
ending of the preceding year's cutting usually ciisappeared by mid
season. 

According to point-quadrat determinations, the ground cover 
of the orchard grass-Ladino c10ver plots at the beginning of the 
investigation ,vas about 50 percent orchard grass and 30 percent 
Ladino clovel', the remainder consisting primarily of red clover 
(table 10). Figure 1 illustrates the condition of some of these 

• 


FIGURE 1.-0l·chard grass-Ladin{) clover cut fir'st in early May and thereafter 
whenever the forage reached a height of Ii inches (left foreground) 01: 12 
inches (right foregrollnd), as it appeared on June 5, 1!),17, and br{)megrass
Ladino clover (fal.· right) which was to be cut for the first time on that day. 

plots on June 5, 1947. During the first season very little change 
occurred in composition of ground cover except that red clover 
almost completely disappeared and uncler frequent cutting weeds 
slightly increased. In 1948 there were no marked changes; the 
proportion of orchard grass slightly decreased, that of Ladino 
clover increased, the weed percentage changed very little, and 
some bluegrass appeared. In the ground-cover determinations • 
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made in October 1947 and October 1948, the smallest proportion 
of orchard grass (35 percent) was found on plots where cutting 
had been started in April and repeated at the 6-inch frequency 
(table 10), Ladino clover covered 49 percent of the area of plots 
that had been so treated, On most of the plots in 1948, orchard 
grass covered about 50 percent of the ground area and Ladino 
clover about 40 to 49 percent, Thus, according to the October 
determinations, differences in cutting treatment had only limited 
effect on botanical composition of ground cover on the orchard 
grass-Ladino clover plots in 1947 and 1948, 

Greater changes in composition of ground cover on the plots 
took place. in 1949 than in either 1947 or 1948 (table 10), This 
was probably due to the cumulative effects of the various 

TABLE 10,-G1'ou1ul-co,/)e1' composition on o1'Chanl g1'Clss-Ladino 
clove?' plots hI, 1947-49 as cZetf'1"lninecl by the 1Joint-quadmt 
method 

SPRING OF 1947 
-----,.,---------------------

Ground-cover composition on plots
Frequency (cutting --_.,--,

height) and time 
01'- Red B1ue- Noof first cutting Ladino Weedschard clover g)'ass covel' 

6 inches: PC1'CClli Pcrccnt Pcrcent Perccnt Pel'ccnt P(!)'ccn~ 

April """ , ~ ~ ."' ...... ~ ...... 53 31 13 0 1 1 
~May .... ~ .. ,. -.... ................ ", .. 59 29 11 0 0 0 


"June .... "................... ~ .. ~ ... 55 28 14 0 1 1
-Average ..... ,. .............. 56 29 13 0 1 1 


12 inches: 
April .................... 52 28 18 0 1 1 
May .. .... .. .. ~ .... .. "' ..... 51 I 31 15 0 3 0~ ~~ ~ ~ 

June .. ~~ ..... "' ..-...... "'~ ........ 55 l 33 11 0 0 0
~'" ...
!--5-3'T'--alAverage ..... "., .. ......... 15 I 0 I 1 I 1
~ 

FALL O~' 1947 -------..-----"..--.~~.. -_•.. 
6 inches: I 

April __................. 50 33 1 0 10 8 

l\fay _.................. ~ 55 32 0 0 1 12 

June ............ " ..... ! 5() 29 1 0 Q 8 


Average ... " .... ~ .. ",,,, .. ,,, ... 54 31 1 1-0 1 6 9I 
12 inches: 

April ..... ., " ~ ",... .. .... 54 40 1 0 2 3 
l\[ay 

' 

61 27 1 0 3 8--"'''~ .. \<.' ~ ~. ""' ...... "' .. " ~ 

June .. 62 28 3 0 J 6... - ~ ~ ~ WI, ~ 

Average 59 32 1 0 2 6.. "'-" ..... M ........ ~ ~ 


General average "- 56 1 32 1 0 4 8 

J 
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TABLE 10,-G1'ound-cove1' COm1Josition on ()1'cluL1'd umss-Ladino 
clove1'plots in 1947-49 as detm'mined by the point-quadmt 
method-Continued 

FALL O~' 1948 

Ground·covel' composition on plots
Frequency (cutting 


height) and time 

01'- Red Blue- Noof first cutting Ladino 'Veedschard clover grass cover 

6 inches: Pcrccnt Percent. Pel'cent Pel'cent Percent Pcrccnt 
April ...••...••.•..•••••. 35 49 0 3 13 1 
May .........-....-.......................... 49 38 0 2 7 4 
June ....-....... -.. _---............... 47 43 0 2 4 4 

Average -..... -- ............... 43 44 0 2 8 il 


1.2 	 inches: 
April .................... 50 46 0 1 2 1 
May _.....-..-...-....-................ 52 40 0 2 4 2 
June .................... "'-..............- 49 46 0 2 3 1 

Average .........-.. -.......-.. 51 44 0 2 3 2 


General average .. 47 44 2 5 20 I 
FALL OF 1949 

6 inches: 
April •...•...•...•.••••.. 28 20 0 18 32 3 
May -........ _........ _- .. -..... -- ........ 37 18 0 12 31 3 
June -....... .,. ................. " ........... 45 24 0 7 16 7 

Average .......-......._-_ .. 37 21 0 12 26 4 


12 inches: 
April ••.......•••.•••••.. 54 22 0 7 10 8 
May ............-..............---"'.. 61 23 0 2 6 7 
June _................. "'...........----_ 

-~ 

.. 60 25 0 5 4 5 

Average --............ -_ ..- 58 23 0 5 7 7 

General average .. 48 22 0 8 I 17 6 
.. 

cutting treatments and an abnormally dry late summer and fall. 
Ladino clover was reduced to about half the percentage recorded 
in 1948. The greatest changes occurred where harvesting began 
in April or May and was repeated at the 6-inch stage i under these 
conditions, both orchard grass and I.adino clover lost ground and 
bluegrass and weeds made rather large gains. On plots cut at the 
12-inch stage, fe,\ver weeds appeared. During 1949 orchard grass 
increased on the plots cut at the 12-inch stage to an average of 58 
percent, whereas on plots cut at the 6-inch stage it decreased to 
an average of 37 ,percent. 

Frequency of cutting had a marked effect on the proportiol1l:i of 
grass and legume. in the herbage harvested during the summer of 
1948 (table 5). Early in the season, Ladino clover composed a 

• 


• 


• 




• 


• 


Fn;t TtL:.! (}!'{'lltO,j ;!!'a-~~La,L~,\1 (·ItI~,. t ~:L ). t>al'!~ nf 1111' :~'l.;l!" 1!1J7 1!J~ 
!if"r ,)1 l'~U;'1t \f:l', H':,1 ~uf·n·af·.'r '. '11"~' .. \.('r '1]« fnrat.!p !'("al,t\pr} ttJl% tn.;;.!h*
"f 1:.! !,,·h,·.: ,\ 'I)..\las ,"). l:Jf!', !Lp da~~' .,f. %'1" !it ' l!tj~1 '''It!,L!!: If, HI, 

('lJl1lpHr;tlhl'i~' ~lIm!l !,al'! II!' Ihl' il!'I'IIH~'(' frolli !,lllt .... ('lit al IJ!llh 
fl'('qIlI'IWil'''. 'I'll!' IlI'I'I"(,!.,,. (',iI HI liB' l:2·iJH'li ..;1 ,WI' ('nlltailll'd JIV)'. 

t'('lllap-,'''' of IIl'viml'CI,!'!J";I'" lljli\·ill.j~·JlI'J' tltall tll"",· Ill' Ladill!l do\',·)' 
ulJtil fal!. III .j'll,\ H),,j ~1'1,11'lldl!'1' it 1'lllllaiJll,d 1'1'''))) 7!1 10 :-:7 JlI'1' 

• ('('Ill ol'l'iJal'C1 j:!']',C"" awl fl'I11l1 III III 17 1H'},('I' 11 1 I.adill" I'}II\ P)', 1:,\ 
Ill!' t lilli' .d 1h,' 1;1,1 ('lilt ill',!". (lc'("IH'r I I. I hI' l'il)\ (')' had ill('J"'H:'l'd 
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FIGUln~ 3.-The same stand of orchard gl'ass-La(lino clover shown in figure 2 
as it appeared (..4) on .lune 2'1, 1!)4!l, ] t days after a cutting, and (lJ) on 
August 8, 1!J4!), 8 weeks after a cutting. 

under the 12-inch cutting frequency to such an extent that it 
formed 37 to 57 percent of the herbage harvested. On plots 
harvested at the 6-inch stage, by the middle of JUly the proportion 
of Ladino clover almost equaled that of orchard grass. A decrease 
in this proportion after July was followed by some increase before 
the final cutting on October 14. The late increase was much less • 
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Flli['llt: ,I. ·On'hard ~·l·;l~~-l.adilltl .,1,,\'('), l'uL III l':wh til' till' ~'('al'- I~J I, ·I!I, 
fir~t ill ('atl~' ,Jill!!' :wd tl1\'ll-lIft.-r ...-111'11<-\'('( till' r"I'H)!l' lI'lI<'iwd a lwig-hl "j' 
I:: illl'il"" :I- it aplll':Il(',f ,\ilg'iL'" :-., I!I·I!' ai",tl! I \\('1'\'" af'!') a .'\l!till).!", 

• ,-;I!'iking thaI! that n!J:'I'I'\pt! (Ill 11ll' il1rrl'qll!'IlII~' ('ul pl"t:-:, I lit'· 
fvj'!,w'(':, ill lwlalliL-al l'flmpll:-:iI ioll or til\' lll'rI!a,l!'<' :t(,t'lll'dillg' (0 

t'llttinj! fl'l'qlll'llt'Y \Yt'1'1' 111t1eh 1\,:';-: at (ll!' ('nd Ill.' till' j!l'fJ\\ill;! pl'riod 
thaI! clUl'iliV II\(' :-:UI1lI1l\,l', 

Tinw of bl',l!'illllil1g' l'uttillj! a!rl'('\l'd th!' )H)taninll l'IJIllIIlI,-;ilillll "I' 
tIll' fontj!!' ,,1' Ill!' til',.;t ('IIUing' alld Ill\' las\ ('Ilttillj! Ill' tlH' ";l'a,.;oll 
IJllt aplJ!'HI'pd to han·liltl!· (,fl't,l't oil thai of rlll'tll.!'!' bal'\'(''';\('c! dill" 
ill)! till' ,.;l1ll1nWl' (tallll' ;;), Wlwl'l'('lIllil1J.!' \\'a:, dt'ht~·pd ulltil.hllll', 
I Ill' tirs( 11 a 1"\'(':,1 ('ontainI'd a \PI"Y hig'h propo)'! iOIl or ol'l'hal'd 
g'l'a:':i and H l'1Il'l'I':,pol1dill,!.!ly ]0\\ jJ/'oportil1ll Ill' Ladiull do\('r, III 
I!J'.IK I Ill' ,Jill1\' iii'S! lwl'\[''';[:-: Ill' lHdh rl'l'WlPIIl'\' !'I'i'jl'!' t:ulllai)lpd !II 
]lI'I'l'{'lll 1J)'{'hard grass and K 11('1'('('111 Ladin;) ('10\'1'1\ .An·(II·dillJ.!' 
to ('ompo:,ilioll of i'ol'aj!(' Ill' thl' la:it I !I·IK han'I''';1. lltt' plllt ";(,I"iv.-; 
I'£'ll into two P'OIIP,.;: Ill!' :'\Ia,\'-lir:-:l-l'llllillg pInts dipJll'd tnrn'" 
Cjlll'ntly alld thl' Apl'il- awl :'\lay-fil',-;I-l'llI\ illg plll\:' elil'l'l'd t'n·
l(UVlllly had from ~!I til I I 1)('1'('('111 !Jl't'hal'CI grass alld 1'1'0111 ;) I ttl 
(j 1 jll'I'c('nt Ladillo do\!'!', ilnd Ill!> Ihl'!'!' 01 hl'l' !'!'ril':, had from ;)] 
til HI IH'l'l'('nl on'hard gTa-;s Hlld 1'1'11111 :\, III l~ ]lI'I'('('1I1 Lariillo 
('11)\('1'. 

r\llhotlg'h thl' PI'o)lo)'l iOIl of Ladilill ('Io\!'/' WHS hij!h!'1' Oil all 
plol:, ill mid:;u :.'111'1' or I !IID thall it had 1)('('11 in I !J!x. it dimilli:;lwd 
:;1l1J:,tantiall\' ill Ill!' fall (!:tllIl' :i), At th!' tina· of till' lu:-:l1DJD 
l'uttilIj! Ill<' jH'I'('('lltHg!', by \\pij!ht. or "aelillll ('IOY!'I' ill lit!' hl')'I!ag'1' 

• l'anJ.!'{·d from I!J 10 ~~ till tlw ploh ('Iip)l!'d HI tlll' r;·inl'h ,.;tagl' and 
from ~ (0 7 jll')'('(,ll! oil t lJ(· plo!:, ('lipl'l'd ill rl'('qllf'lIt 1.\', 'I'1'(,11<ls ill 



36 TECHNICAL nULLET.IN 1063, U. S. DEPT. OF AGRICULTURE 

botanical composition of herbage harvested during 1949 are 
illustrated in figures 2-4. 

As the 1949 season progressecl, bluegrass developed rather 
prominently on the frequently cut plots of the April-first-cutting 
series (table 5). Weeds, until then prevailingly of little conse
quence, increased strikingly in 1949 on the frequently cut plots 
where cutting was not postponed until June. At the last harvest 
they composed 32 percent of the herbage from those first cut in 
April and 30 percent of the herbage from those first cut in May. 
The contrasting figure for the June-first-cutting series was 10 
percent. At .1l0 time in 1949 did weeds compose more than 2 per
cent of the yield from any plot series cut at the 12-inch stage. 

The average annual '.veed yield for 1948-49 was significantly 
greater under frequent than under infrequent cutting 'where 
harvesting began in April, but not where it was postponed until 
Mayor June (table 9). 

'l'here was a suggestion that weed yields of frequently cut plots 
were lower ·where cutting ended in September rather than in 
October or November; otherwise, 110 indicaUonwas found that 
weed content of orchard grass-Ladino clover forage varies ,vith 
the time of last cutting. 

BIW:'IIEGIlASS-L\IIJ:\'o CUHEIl 

The bromegntss-Ladino clover mixture proved to be very sensi
tive to method of management (table 1). Where cutting began 
in April, higher average yields of this mixture ,vere obtained in 
1947-48 from the plots on which the aftermath was permitted to 
grow 12 inches tall than from those on whic11 it was cut when
ever it reached a height of 6 inches. Where cutting began in 
Mayor in June, 1947-48 yield averaged the same under frequent 
as under infrequent cutting. Under infrequent cutting, average 
annual yield for 1947-48 was lower where cutting began in May 
than where it began in June or in April; under frequent cutting, 
yield for tl1e same period was lower where the first cut was made 
in April or in May than where it was deferred until June. Aver
ages of yield under the 6-inch cutting frequency for 1947-49 
gave evidence in favor of June rather than April as the time for the 
first cut, and strongly suggested that under this frequency greater 
yields are obtained by beginning cutting in June rather than in 
May. 

Bl'omegl'ass-Ladino clover generally produced considerably 
more forage during the summer under infrequent than under fre
quent cutting (tables 3 and 4). Summel' production of forage 
from plots cut at the ~2-inch stage was greatly reduced, in all 
years, by beginning cutting in May rather than in April 01' June. 

Bird (11) reported that bromegrass was superior in yield to 
certain other grass species when cut at advanced stages of develop
ment but not when cut at immature stages. He did not report 
evidence that early cuttings are less harmful to graHses than cut
tings made at intermediate stages of growth. Recently Blaisdell 

• 


• 

• 
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and Pechanec (13) reported that bluebunch wheatgrass was 
damaged more by cutting in midspring than by cutting at either 
earlier or later stages of development. 

The reasons for lesser yields of forage from bromegrass-Ladino 
clover plots on which cutting began in May rather than in April or 
June are not entirely clear. Although carbohydrate reserves in 
the plants were not determined, a possible explanation is that such 
reserves in plants left uncut until May had by that time been 
drawn upon heavily for growth and the plants had not yet 
developed far enough to restore them in any appreciable degree. 
Plants cut for the first time in April probably could draw upon 
more ample reserves in making new growth. Furthermore, when 
bromegrass is cut or grazed in the early spring stages of develop
ment it can produce llew herbage from the cut stems; but in later 
stages its regrowth must come to a large extent from new rhizomes 
-a fact that undoubtedly results in a heavier drain on reserves 
and also retards recovery. Where the aftermath was infrequently 
cut substantial storage of nutrients probably took place between 
a first cut made in April and the next cut. In the case of plants 
first cut in June, considerable storage undoubtedly occurred before 
cutting, as the bromegrass was fully headed. 

Severe competition from crabgrass and foxtail affected the 

• 

FIGURE 5.-View on June 5, 1947, of bromegrass-Ladino clover (left) I'eady 
to be cut on that day for the first time and thereafter at the 12-inch stage, 
orchard grass-Ladino clover (center) cut for the first time in early May 
and thereafter whenever the forage reached a height of 6 inches, and 
orchard grass~Ladino clover (right) cut for the first time in early May and 
thereafter whenever the forage reached a height of 12 inches. 

L.~._~_ ... 
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bromegrass-Ladino clover yields of plots first cut in May. The 
May cuttings were made at about the time crabgrass began its • 
year's growth. By thus reducing some of the competition offered 
by the seeded species, the crabgrass was able to develop rapidly. 

Another factor possibly limiting the yields from bromegrass
Ladino clover plots cut first in May and the proportion of brome
grass in the mixture on such plots is the rapid growth of Ladino 
clover in May. Particularly at that time, the clover recovers more 
rapidly from cutting than bromegrass and therefore tends, after 
a cutting, to increase at the expense of the grass. 

In the spring of 1947 the covel' on the bromegrass-Ladino clover 
plots was about 40 percent bromegrass and about 40 percent 
Ladino clover (table 11). Views of two of these plots as they 
appeared in June 1947 are shown in figures 5 and 6. During the 

• 


FIGURE 6.-Bl'omegl'ass-Ladino clover on plot shown in figure 5 as. it appeared 
in late June, 1947, 3 weeks after the first cutting. 

growing period of 1947 the percentage of bl'omegrass decreased 
markedly and that of Ladino clover increased by more than half. 
The 1947 decrease in the percenb,ge of bromegrass was probably 
due to elimination of some plants and the marked tendency of this 
grass to grow slowly in the fall. During 1948 weeds increased 
greatly on the frequently cut plots but there was little change in 
the percentage of Ladino clover or in that of weeds on the infre
quently cut plots. Bromegrass decreased slightly under frequent 
cutting, whereas on the infreqUently cut plots of the April- and 
June-first-cutting series the percentage of bromegrass was greater 
in the fall of 1948 than in the fall of 1947. Under infrequent cut
ting, bromegrass was less abundant in 194.8 on the May-first-cut • 
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• ting plots than on the plots first cut in April 01' June. It incri'tlsed 
on those plots in 1949 . 

In 1949 the weed percentage of the ground cover increased under 
all cutting treatments (table 11). By fall weeds covered, on an 
average, 51 percent of the area of the frequently cut plots and 20 
percent of that of plots harvested at the 12-inch stage. Although 
Ladino clover decreased somewhat in 1949, in the fall of that year 
it still covered 45 percent of the area of plots clipped at the 12
inch stage and 36 percent of that of the frequently clipped plots. 
Bromegrass decreased slightly on the frequently cut plots and 
increased slightly on the plots harvested at the 12-inch stage. 

The trends in botanical composition of the bromegrass-Ladino 
clover yields during the summers of 1948 and 1949 were influenced 

TABLE 11.-G1"ound-covc1' composition on brome{]1'ctBS-Laclino 
clove1'plots in 1947-4[1 as detc1'mincd by the 1Joini-quculmt 
1ncthocZ 

SPRING OF 1947
"._-----"" --_... 

Ground-cover composition on )Jlots
Frequency (cutting 

height) and time 
of first cutting 

, 
Red --'-I~-Blue- NoBrome Ladino 'Wceds . covel'grass clover 

• 6inches: P('l'CCllt Pacelli Percent Pel'cent Pel'celll Pel'c('nt 
April ••.••..••••••••••.. 38 37 0 19 3 2 

~May ... '" , ..... , .. ~ ................. '" 41 37 0 19 2 1 

JUlle ..... ~,.~ ............_..... ~.w. 41 37 0 19 1 1 

Average 40 ! 37 I I 0 19 I'. ~ 2.... ooc_ .... ., ... 

i12 inches: 
April .................. 3!l 37 0 19 4 1 

i\fay _..... ... .... "" ......... ~M"~ 38 44 0 16 3 0
~~ ~ 

June ..... ~ ................. ~ .. - 3!l 38 0 19 !3 0 , 
Average .. ~ ......... - ... - .-- 39 3!l I 0 18 ! !3 I 0 

i ,
General avel'age . 3!l 38 I 0! 18 3 1 

___.,"H 
\ 

_A_' 1 
I 

, 
1 ,,_.,..,'+'-~ • 

FALL w 1047 

6 inches: ----·-~---"'I·' ..·"'-"l " I' 
April •..••. " ..... ,,' . 8 ! 72 0 0 I' 14 Ii 

~~~re :::::~::,:::::::::. ~~ ~~ I ~ ~ __i_~_t___l_i 
Average ........ , " '1==1=5=1===6='O=!:::::0~::~~~=1-:1!==1=5=1====912 inches: 

April ..............___••. 14 7!l 0 1 3 3 

May •••• ,............... 18 72 0 1 5 5 
June ...... "............ 14 65 0 3 !) !l 

Average ............::::::15:::::::7:2:::::::O::::::::2:;I=--=-=-=-=6-.~II·::::::=6 
___G,_e_ll_e_ra_l_a_v_e_ra_g_e_•..!.___1_5"",,-~_.:1_~._..___1-,-1__l_0-.J-___7 
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TABLE 1l.-G1·ouncl-cove1· cO?n1Josition on b1'011U~{J1'ass-Laclino 
clover plots in If)47-49 as detenn'inecl by the 1Joinf;-qua.clmt • 
1nethocl-Continued 

~ 

Ground-covet, composition 011 plots
Frequency (cutting 


height) atld time 

Blue- Red Noof first cutting Brome Ladillo Weeds grass clover cover 

6 inches: Pel'cml.t. Pc/'c'rlll Pe1'cent. Percell/. Percent Percent 
April ..... ,.... ' ........ 11 57 0 0 31 1 

:May .... .. ~- .. ~,' ~~ ......... ,,- 10 56 0 0 30 3 

June 

~" 

]3 54 0 0 31 1
..... " .... ~ + ....... "" ........ ,. 


Avel'llge 11 56 0 0 31 2
~ ~ _ ........ ". r • 


12 inches: 

April .................... 28 65 1 0 4 2 

May .. - ...... ,,"" ~ ~ - .... "' ........... 18 70 0 0 11 1 

June ... ~ .... ""." -.. " .... ~ .... "'... 

~ 

23 71 2 0 3 1
~ 

Avel'llge .,.. .. ,. ............... 23 69 1 0 6 1
~ 

-
1 0 19 1
General avel·~~:-l~_.,.~_1 

-~----~~----

FALL 01' 1949 

-----,---."~,.,,......,.----_...-. .~.------

(i inches: 

April .................. . 5 37 1 0 55 2 

l\fay ................. .. 11 39 1 0 40 4 
 •
.Tune ................... . 13 33 2 0 50 2 


,,-..-----_.. 
AVerage •..•. ,.•... 10 36 1 0 51 3 


12 inches: 

April .................... 30 45 1 0 20 3 

l\'lay ................_.. 26 41 1 0 26 6 

.rune ............._._••. 25 48 7 0 14 5 


--
Average ......._... 27 45 3 0 20 5 


General average. 18 40 2 0 35 4 

, __ -o.~.",_.."",,'. ..............e __ "·_..,.
"._--,., .--~,-.,...-", -"----

by the frequency of harvest and the. time of first cutting (table 
6, figs. 't and 8). In the first cuttings of 1948, bromegrass pre
dominated except where harvesting began in May. There it com
posed a little less than 25 percent of the yield. The first cuts from 
the plots harvested at the 6-inch stage were very similar in botani
cal composition to those from the corresponding plots harvested 
at the 12-inch stage. Except where cutting began in May, later 
yields differed markedly in composition according to cutting fre
quency. Under frequent cutting the percentage of bromegrass 
declined sharply and that of Ladino clover increased. Under 
infrequent cutting the proportion of bromegrass decreased much 
less sharply; in the second 1948 harvest of the April-first-cutting 
series it actually increased, from 51 percent to 67 percent, and as 



• 


• 


Fmnu: 7•. Hl'olllt'g"ra"s.Lndillo ('10\'('1' ('ul til'"l ill l'al'ly ,Julle of l'~\('h Yl'Hl' and 
tlWl'l'aflel' at thl' I~.illl'h slal{l' ,fig-.s, ii, !il. as it. apP(':lt'ed (A) ill lale' ,lUll(' 
of lP-J!) alld r IJ.I Oil ,\lIg-u.-t x, l!J·I!I. nlmut 1 \\"'1'1,,, nfil'!' a ('ulting'. 

late a:-; ~('lJtl'mlJ('1' ;1 it HWl'agl'd ,10 ])('l'c:e.llt f'or thi:-; :-;l'rie:-;-~till 
l'xc(>eding th(' maximum ]l('l'('('ntugl' of brOlllt'gra:-;:-; contained at 
any tinw <Iul'jng tlw ~('a~()11 in till' IWl'lmgl' hun'p:-;led from the 
pl()t~ lil'~l cut in :\Iay, On ,Jul~T ~I, J~),I~. tlw lWl'lJag(' han'(>:-;tecl on 

• tlw plol:-; lil':-;l clll ill :\Iay and thpl'('af'lPr cut /'l't'llut'ntly contained 
on an HY('!'H!.('t' :l Pl'I'c{,lll ])J'()I1l('g'l'a~:-; and !);" ]H'I'Cl'llt Ladin() C\O\'PI', 
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FIGURE 8.-Bromegl'ass-Ladino clover cut first in early May of each year and 
thereafter at the 12-inch stage, as it appeared (A) on May 31, 1949, about 
4 weeks after the first cutting of that year, and (IJ) on August 8, 1949, 
8 weeks after a cutting'. 

By the time of the last cutting of the season, the mixed herbage 
from all plots of both cutting-frequency series contained 10 per
cent or less bromegrass. 

Weeds made up a substantial part of the herbage harvested in • 
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1948 on all the frequently cut plots and on the May-first-cutting 
series of plots infrequently cut, from the latter part of July until 
late in the season (table 6). In that year weed yields under fre
quent cutting were less where cutting began in June than where 
it began in April or May (table 9). 

General trends in the botanical composition of the forage of the 
frequently cut plots were much the same in 1949 as in 1948 (table 
6). Proportionately much less bromegrass and in most cases more 
Ladino clover were present at early dates in 1949 than in 1948 on 
the frequently cut'plots of the April- and May-first-cutting series 
(table 6). At the end of the season the percentages of Ladino 
clover were less and' those of weeds were greater in 1949 than in 
1948. 

The first 1949 cut from the May-first-cutting series of plots 
harvested at the 12-inch stage contained only 19 percent brome
grass, compared with 41 percent for the April- and 68 percent for 
the June-first-cutting series (table 6). As in 1948, the second cut 
from the April-first-cutting series contained more bromegrass 
than the first. The bromegrass component of the herbage of the 
June-first-cutting series increased from 10 percent in the fall of 
1948 to 68 percent in the first harvest of 1949. This increase, 
which resulted in a marked shift in the grass-legume balance from 
fall to spring, illustrates the growth cycle of bromegrass. 

On plots harvested at the 12-inch stage the percentage of brome
grass in the forage at the end of the season was much higher in 
1949 than in 1948 (table 6). On October 12, 1;.)49, bromegrass 
composed 35 percent of the herbage for the April-, 24 percent for 
the May-, and 39 percent for the June-first-cutting series. These 
percentages are in contrast with 10, 5, and 10 pereent, respectively, 
for 1948. 

In the last cuttings of 1949 LacUno clover was somewhat reduced 
but still composed 33 to 47 percent of the forage from all plot 
series (table 6). 

In 1949 the bluegrass percentages were slightly greater on the 
frequently cut plots and very slightly greater on the plots infre
quently cut (table 6) than in 1948. In general, less bluegrass 
occurred in the bromegrass-Ladino clover than in the orchard 
grass-Ladino clover mixture, especially on the frequently cut 
plots of the April-fil"st-cutting series. 

The reason for this difference is not entirely clear. Ordinarily 
it would seem that bluegrass mi~ht be expected to encroach sooner 
on bromegrass-Ladino clover plots than on orchard grass-Ladino 
clover plots, since bromegrass i:; normally much less aggressive 
than orchard grass. Crabgrass apparently became well estab
lished in the bromegrass mixture before bluegrass could develop. 
Observations made outside these studies suggest that crabgrass is 
capable of comneting vigorously with bluegrass, particularly when 
the latter is not already well established. Althou~h orchard grass 
is highly competitive with bluegrass, a sod of orchard grass
Ladino clover is not nearly so dense at ground level as a heavy 
stand of crabgrass. 
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Weeds, although they generally increased in 1949, were actually 
less of a factor on the May-first-cutting plots under infrequent cut- • 
ting in 1949 than in 1948 (table 6). Most of the 1949 increases 
in weed yield appeared late in the season. Over the 2-year period 
1948-49 weed yields were greater undel' the 6-inch than under the 
12-inch cutting frequency, regardless of when cutting began 
(table 9) or ended. 

Weed yields in 1948-49 under frequent cutting wel'e less where 
cutting was deferred until June than where it began in April 
(table 9). Under infrequent cutting, weed yields over this period 
were greatest where cutting began in May. 

Over the period 1948-49, weed yield under either cutting fre
quency did not vary with the date of final cutting. In 1949, under 
frequent cutting the weed component of the yield was less where 
cutting ended in September and under infrequent cutting it was 
least where cutting continued into November. 

ORCHAlln GIIASS-Au'ALFA 

Frequent defoliations consistently reduced forage yields of the 
orchard grass-alfalfa mixture, regardless of time of first cutting 
(table 1). This result is in contrast with the fact that such 
defoliations consistently reduced yields of the orchard grass
Ladino clover mixture only where cutting began in Apri1. 

On the plots harvested at the 6-inch stage, 1947 yields were 
higher where cutting wa.s delayed until June than where it began 
in April or May. In 1948 there were no differences in yield accord •
ing to time of first cutting. The yield averages for 1947-48, how
ever, were higher where cutting began in June than where it began 
in April (table 1). On the plots cut at the 12-inch stage, yields 
were higher where cutting began in June than where it began in 
either April or May. In general, where cutting ended in Septem
ber less fo;.--age was produced than where cutting continued until 
October or November (table 2). 

Forag-e production of the plots harvested at the 12-inch staQ'e 
was better distributed throug-h the season than that of the plots 
harvested frequently (table 3). In 1948, more than twice as much 
forage was produced after July 1 where cutting was infrequent. 
Under infrequent cutting, production after July 1 was favored 
by deferring first cutting until June. 

Ground cover on the orchard grass-alfalfa plots in the spring of 
1947 was more than 50 percent orchard grass, a little less than 
25 percent red clover, and a little less than 15 percent alfa1fa 
(table 12). Under frequent cutting the alfalfa component of the 
cover was almost eliminated in a single year. Where the herbage 
was permitted to grow to a heig-ht of 12 inches before defoliation. 
alfalfa formed about the same Dercentage of the ground cover at 
the end of 3 years as in the beginning. 

White clover increased on the frequently cut plots to the extent 
that it covered about 20 percent of their area by the fallof 1948 
(table 12). Very few weeds were present until late in 1947. • 
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Weeds increased each year under frequent cutting until in the 
faU of 1949 they covered, on an average, 45 percent of the area of 
plots so treated. Under infrequent cutting weeds did not become 
abundant until the year 1949, when in the fall of that year they 
covered, on an average, 21 percent of the plot area. 

Practically all the weeds were produced in the latter part of the 
season (table 7). Before late August, weeds composed only a 
small percentage of the herbage harvested from the plots cut at 
the 12-inch stage. 

In 1948 the total yield of weeds produced under each of the two 
cutting frequencies was the same (table 9), although late in the 
season the proportion was higher in the herbage harvested from 
the frequently cut plots (table 7). Under the 6-inch frequency, 

TABLE 12.-G1·Ou,nd-cover cOm,1Josition on orcha1'd gmss-alfalfa 
plots in 19J,.7-J,.9 as clete1'1nined by the 1Joint-quadmt method 

SPRING OP 1!J47 

Ground·cover composition on plots
Frequency (cutting 


height) and time 
 I I
of first cutting Or· AI· Blue· Red White Weeds No 
_________ chard falfa gt'ass clover clover ___~ 

PCI" PCI" PCI" PCl"' PCI" PCI" Pcr

6 incl~~.il •..•....•....•.•....1 ee1~t cC1l~ cent cc~t CClI~ cen~ cent 8 
May.................... 48 15 0 26 3 3 5 

June ....................: 60 13 0 23 0 1 3 


Average ............1 52! 15, 0 I 23. 2 2 . 5 

12 inches: 1------1-----·------·---
April ....................1 57 10 0 23 0 5 4 

~ray •__ ... _............. 55 13 0 23 1 5 3 

June .................... 56 18 I 0 23 0 2 2 


A vel'age -...........! 56 I 14 f o! 23! 0 I' 4 I 3 


General avel'~~J 5<! !===u=j 0 I 23 j 1 3 I 4 


F,\LL OF 1947 

I !
6 inches: 

April .................... 5!J 2 0 7 3 18 10 
~ray .................... 60 0 0 0 7 27 5 

June .................... 71 5 I 0 4 3 8 10 


I 

--1----

Average ............ 63! 2 , 0 41 5 18 9 


12 inches: 
April .................... 63 9 0 4 4 11 8 
May ....-............-.... ,.,"' ..-....... 73 7 0 3 5 10 1 
June .. ,.. ......... -_ .. -_ .. - ... -.......... 

~ 

64 15 0 5 3 6 8 

Average ......................._'" 67 11 0 4 I 4 9 6 
--41--General average .• 65 6 0 4 13 7 

http:incl~~.il


--------

-----------

------

------ ---

-------
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TABLE 12.-G1·ound-cove?' composition on O1'cha1'd gmss-alfalfa 
plots in 1947-49 as dete'rmined by the point-quadmt method-
Continued 

FALL 01' 1948 

Ground-cover composition on plots
Frequency (cutting 


height) and time 

Or- Al- Blue- Red White Noof first cutting Weedschard falfa grass clover cloveL' cover 

Pc?'- PCl'- Pm'- Per- PCl'- Pel'~ Pcr
6 inches: cent cent cent cent cent ccnt ccnt 

April __•__._............. 39 0 3 7 22 29 1 
~May -....-....... ... "' ...----- ..-.. 44 0 1 4 14 35 2 


June --"' ..._.......... "' ..-..-~--- 48 1 2 4 23 21 1 
------------.-------
Average ................----- 43 1 2 5 20 28 1 


12 inches: 
April ...•..__............ 54 11 3 6 15 9 2 
May -.........__ ... -_ .. ---_ ....-.- 49 14 2 11 7 14 5 
June "' ..........-....-.. '-'- _..-........ 54 22 1 6 2 11 4

-I--Average .• _ ........, 52 16 8 11 4
21. 8 ---1------
General average .. 48 8 21~, 6. 141~1~ 

FALL OF 1949 
--,.....~_ - __H 

6 inches:. ! , 
Apnl .•..•.•..•...•......, 33 0 15 1 45 .1 35 ! 
l\!fay ................... , 37 1 10 1 3 46 4 

June .................... 36 2 5 2 7 45 4 


Average _........... 35 1 10 1. 5 ,15 4 


12 inches: ==='==I=i= 
April .................... 49 12 7 1 4 II 21 6 
May.................... 51. 14 6 2 2. 23 3 
June .................... 53 14 6 1. 3 1 18 5 

~:,:::;.~;;:~:-:: :: '~ : I : : I :: I : 
yield of weeds was higher where cutting began in May rather than 
in June; under the 12..:inch frequency, it was higher where cut
ting began in May rather than in April or June (table 9), Weed 
yields were not affected by time at which cutting ended on the 
plots cut at the 12-inch stage, but on the frequently cut plots they 
were lower where cutting ended in September rather than in 
October or November. 

BnOMEGRASS-ALFALFA 

The yields of the bromegrass-alfalfa mixture were affected by 
cutting treatment more than those of any of the other mixtures 
(table 1). Frequant cutting drastically reduced forage yields in 

• 


• 


• 




• 
all cases. E\'t~l1 when cut infn'quentl~' beg"inning" cutting" before 
the first of .Junlc seriously reduced yit'lc1s. When' cutting" was 
delayed until .June and WUt-l rellPatt'd at tlw 12-inch frequPl1cy, 
yields fairly comparable to thp best or the ot1wl" mixturct-l\\'el'P 
obtained, ,Vpeclt-l were pre\'alent on all plot seril't-l, rpg"HI'cllet-lt-l of 
cutting" tl'eatml'nt, in H).!8 and 19..HJ (table 8. fig". !)). 

• 


• FIGcn~; !I,---.. l. BI'UIlH'gl·a,,~·ul f'alfa ~t lind" {('Plltel") in typh'n1 ('OlHlitio)l on 
O('(-ob(,I' I:!, IlI·llI, n, ('!IIH'-UJl vi!'\\, IIIl tIll' 'nnw dall'. of 011(' "I' till' bl'ol11('
J.rl·a:;~-alfalfa "taml" "huwlI ill.t. ;-';0\(' tit" higlt prol'oJ'timl of ('ru),gnl";;:, 
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SUMMARY 

Field studies were conducted during the 3-year period 1947-49 
at the Plant Industry Station, Beltsville, Md., to determine the 
general behavior under differential cutting treatments of these 
four grass-legume mixtures: Orchard grass (Dcwtylis glomemtcL) 
and Ladino clover (T1'ifoliunL 1'(3penS L. "Val'. Ladino"), brome
grass (B1'01niUS 'ine1'1nis) and Ladino clover, orchard grass and 
alfalfa (Medicctgo scd·iva,) , and bromegrass and alfalfa. Each 
year, cutting of stands of each mixture began at three different 
dates in the spring, was repeated during the season at two fre
quencies (the 6-inch and 12-inch heights), and ended at three 
different dates in the fall, which were approximately the same for 
all the beginning dates. In analyzing the results, particular 
attention was given to the effects of time and frequency of cutting 
on (1) total dry-matter production, (2) distribution of production 
through the growing season, (3) weed encroachment, and (4) 
trends in botanical composition through the season and from year 
to year. The results are as follows: 

1. Orchard grass-Ladino clover proved to be outstanding among 
the four mixtures tested. In comparison with the others it was 
less exacting in management requirements, more productive under 
a variety of cutting treatments, superior in distribution of produc
tion through the growing season and in resistance to weed 
encroachment, and in most cases superior in maintaining a desir
able grass-legume balance through the growing season. 

2. Bromegrass-Laclino clover was superior in productivity to 
the alfalfa combinations. 

3. Bromegrass-alfalfa was found the least desirable of the four 
mixtures, particularly under the more severe systems of cutting. 

4. Frequency was the most important cutting factor in its over
all influence on total yield, distribution of production, ingress of 
weeds, amI grass-legume balance. Time of beginning cutting was 
almost as important as frequency, and was more important than 
time of ending cutting. 

5. The only treatment that consistently reduced the yields of 
orchard grass-Ladino clover was making the first cut in April and 
cutting the aftermath whenever it reached a height of 6 inches. 
All other systems of cutting tested resulted in approximately the 
same yields of this mixture. 

6. Bromegrass-Ladino clover required more careful manage
ment than orchard grass-Ladino clover. The yield was reduced 
when cutting was started in April under the 6-inch cutting fre
quency; and starting it in early May reduced yield regardless of 
cutting frequency. Highest yields were obtained by (1) delaying 
first cutting until June or (2) starting cutting in April and cut
ting thereafter only at the 12-inch stage. 

7. Yields of orchard grass-alfalfa and of bromegrass-alfalfa 
comparable to the best yields of the Ladino clover mixtures were 
obtained only by delaying first cutting until June and letting the 
aftermath grow to a height of 12 inches. Uncler more severe treat

• 


• 


• 




GRASS-LEGUME MIXTURES UNDER DIFFERE~TIAL CUTTING 49 

ment, orchard grass-alfalfa was more productive than bromegrass
alfalfa. 

S. The treatments that led to the highest total forage production 
also were generally superior as to distribution of production 
through the season, prevention of weed encroachment, and main
tenance of a satisfactory grass-legume balance. 

9. Production of forage tended to be greater, for all mixtures, 
where cutting ended in October or November rather than in 
September. 

10. The Ladino clover mixtures were more consistently produc
tive through the season than the alfalfa mixtures. 

11. Ordinarily orchard grass, in comparison with bromegrass, 
started growth from 10 days to 2 weeks earlier in the spring and 
maintained much more active growth during the summer. It also 
made greater growth in the fall. Bromegrass, once it had begun 
active growth in the spring, grew rapidly for a period of 4 to 6 
weeks, very often reaching a higher peak of production than 
orchard grass by the first of June. 

12. In the orchard grass-Ladino clover combination a much 
higher proportion of the grass component was maintained during 
the summer than in the bromegrass-Ladino clover combination. 
Under the more severe cutting treatments summer production on 
the bromegrass-Ladino clover plots was provided almost entirely 
by the clover.

• 13. The mixtures differed strikingly in their capacity to com
pete with weeds, of which crabgrass (Di[Jita7'ia sanguinalis) and 
foxtails (Setm'in spp.) had the greatest effect on the sown species. 
Weed encroachment was greatest in the bromegrass-alfalfa plots 
and least in orchard grass-Ladino clover plots. 

14. The ingress of bluegrass (PO(t 1Jmtensis) was encouraged 
by early and frequent cutting. More bluegrass was noted in the 
orchard grass-Laclino clover than in the bromegrass-Ladino clover 
mixture. 
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