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Abstract approved

Field, gr-eenhouse, growth ehamber and laboratory experiments

evaluated factors affeeting establishment, survival and production

of birdsfoot trefoil (Lotus cornieulatus L.) and alfalfa (Medi,cago

sativa L.)

Field studies investigated the effects of a barley companion

erop, seedLing year harvest management and nitrogen and phosphorus

fertilization upon stands, survival and subsequent production of 1eg-

umes. Seedings were made in eaeh of two years.

Stands of legumes were not affeeted by ferti.lization or harvest

management, but deereased with inereasing leveIs of compani.on crop

eompetition. Death of seedlings oecurred early in the estabLishment

period and the degree of loss was similar for both species. Addi-

tional losses of plants did not oecur during the establishment year.

Losses of birdsfoot trefoil plants established with a eompanion crop

occurred during the first winter following seeding. Stand reduction

in the seeding year persisted for the duration of the experiment.
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Companion crops inhibited the growth of surviving seedlings.

Growth inhibition was less when barley was clipped periodically than

when it was matured to grain. In the absence of a companion crop,

growth of seedlings was inhibited more by frequent clipping of thin

weed stands than by allowing weeds to mature.

Yie1ds of weeds were inversely proportional to density of barley

plants. Wild oats was more detrimental to seedling growth and was

less readily controlled by clipping than redroot pigweecl or pigeon

gras s.

The percentage of soLar radiation intercepted by barley varied

from 89 in early morning or late evening to 22 at noon. Light in-

tensity was reduced more by barley in early season and Less by barley

in late season than by wild oats.

Yields of mixtures in the year after seeding were reduced as a

result of establishment with a companion crop and to a greater degree

and for a longer period of time when barley had been allowed to ma-

ture. Yield reductions of legumes r{ete compensated for by increased

grass yields. Grass grown with birdsfoot trefoil yielded significant-

ly more in early season and significantly less in late season than

grass grown with alfalfa.

Greenhouse studies evaluated the influenee of soil temperature

and phosphorus fertilization upon growth and phosphorus uptake of

birdsfoot trefoil and alfalfa. Root growth of both species increased

with increasing soil temperatures. I,rreight of alfalfa roots was twice

that of birdsfoot trefoil at all temperatures. Top growth of birds-

foot trefoil increaeed to a greater degree than that of alfalfa with



increasing temperature. The greater top growth of birdsfoot trefoil

resulted in reduced root-shoot ratios. Birdsfoot trefoil produced

less dry matter p"r 
"m.2 

of leaf area than alfalfa. Root growth of

both species increased with increasing applications of P fertilizer.

Phosphorus appeared to be more important to growth at low than at

high temperatures. Phosphorus and nitrogen uptake by both species

increased with increasing soil temperature.

Growth chamber studies evaluated the influence of low light in-

tensities and seedling age upon growth of seedlings and distribution

of aecumulated dry matter. Seedlings gained weight at light inten-

sities of 200 to 800 f.c. With decreasing light intensity, stem

elongation occurred at the expense of roots. A smaller percentage of

accumulated dry natter went into roots of two-week than in older seed-

lings. Roots of two-week old seedlings of alfalfa lost weight at 200

f.C.

Laboratory studies evaluated orygen uptake of germinating birds-

foot trefoil and alfalfa seeds. Average oxygen uptake by both species

on a per unit weight basis was similar. Alfalfa, due to its greater

size, had a greater oxygen uptake on a per plant basis than did birds-

foot trefoil.
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FACTORS AFFECTING ESTABLISHI{ENT, SURVIVAL, AIiID PRODUCTION

OF BIRDSFOOT TREFOIL (IOTUS CORNICULATUS L. )
AI.ID ALFALFA (MEDM

INTRODUCTION

Birdsfoot trefoil (Lotus corniculatus L. ) has been grown in small

plantings in the British Isles and in western European countries for

more than 100 years (27, p. 1-14). In the United States, however, it

is a relatively new legume and extensive evaluation of its use for

forage production has been confined to the last twenty years.

The promising qualities of birdsfoot trefoil were summarized

from results of other workers by Midgley (29, P.6-11) in 1951. He

states that "(1) It is sup".ior to alfalfa (Medicago sativa L.) on

poorly drained clay soils, Q) it is better than Ladino clover (Tri-

folium repens L.) on drier lands, (5) it withstands cloeer grazing

than alfalfa or most clover, and (4) it is less exacting in soil fer-

tility or moisture requirements than other legumes, but, under Proper

conditions, produces excellent hay, Pasture or silage.r' The main ad-

vantage of birdsfoot trefoil over other legumes is its non-bloating

property. There has never been a case of bloat reported with animals

gra,zing birdsfoot trefoil pasture.

Birdsfoot trefoil is rapidly gaining accePtance as a forage Ie-

gume and is currently reeommended in most states of the Northern

United States (ZA, n.2-35). One of the main objections to this le-

gume in all areas is that it is slow to establish and is more sensi-

tive to competition than other commonly reconmended forage legumes.

The poor competitive ability of this species has impeded accePtance.
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Seedlings of birdsfoot trefoil may be e:rpected to have to compete

with other plante during the life of a stand. Egtablishment with a

companion crop is desirable from the prectie&l standpoint in that farn-

ere do not have to experlence the loss of one crop year. Being a

pasture legume, it is most likely to be seeded with a grase which may

not be conpetitive in th€ year of seeding but may be expected to be

competitive in subsequent years. Even ln pure stands the encroaeh-

ment of weeds constitutes a eompetitive pressure.

Maximum effective utilization of this species will not be achiev-

ed unless a fuller understanding of the faetors affeeting its eompet-

itive abtlity is attained. Information is needed to delineate criti-

cal periods in the establlshment of thls speeies and to evaLuate the

effect of competitive pressures ln the seedling year upon subsequent

performanee. Further evaluations of the role of specific growLh fac-

tors during periods critical to establishment need to be made. In-

formation obtained from such investigations may lead to devetropnent

of cuLtural practices requisite to euecessful establishnent and per-

formance of birdsfoot trefoil.

During the period 1960-1963 a series of field, greenhouse, growLh

chamber and laboratory studies were conducted in an attempt to deLin-

eate periods critical to birdsfoot trefoil establishment and factors

responsible for its poor competitive ability. In al.l studies aLfalfa

was included for comparative purposes, since it is the most widely

grown legune in areas where birdsfoot trefoil is adapted.



REVIEIil OF LITERATURE

Birdsfoot Trefoil as a Pasture Legume

The first results from grazing trials with birdsfoot trefoil in

the United States were reported by Mott in 1946 (32, p. 31,74-76).

Since that time a number of comparisons of birdsfoot trefoil with

other legumes have been made in both simulated and actual grazing

trials. Yawalkar and Schmid (55, p. 407-411) report that birdsfoot

trefoil contributes 1itt1e to the yield of complex mixtures due to

its poor competitive ability and state that if it is to be used for

pasture, it should be seeded alone or with one grass. Most evaluation

trials have been conducted on this basis.

Simple grass-legume mixtures containing birdsfoot trefoil were

shown to be equal in some cases to those containing Ladino clover in.

simulated grazing trials in Montana and were suPerior where drought

was a factor (10, p. 5-8). In grazing trials with sheep in Montana,

under a 7-day on, 14-day off rotation system, animals gained more on

a birdsfoot trefoil-grass mixture than on an alfalfa-grass mixture or
(

onaHunt1eymixture|-orchardgrass(@L.),smooth

bromegrass (Bromus inermis Leyss.), meadow fescue (Festuca elatior L.),

Kentucky bluegrass (Poa Pratgngis L.), white clover (tie.ti". t"p*
'1

L.) and alsike clover (Tlifolium hybridum r.U. On a 7-daY otr, 42-

day off rotation, gains were similar on birdsfoot trefoil and alfalfa-

grass mixtures and were superior to those of the Huntley mixture (18,

In preparatlon).

Ladino clover-grass mixtures $rere higher yielding than birdsfoot
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trefoil-grass mixtures in the first year of a grazing trial with lambs

in Ohio (12, p.436-440). In the second and third years mixtures con-

taining birdsfoot trefoil were higher yielding than those containing

Ladino clover. In these trials, however, much of the Ladino clover

was lost from drought. The advantage of birdsfoot trefoil over Ladino

clover, under conditions of drought, was further borne out by trials

in Montana (7, p. 180-185) in which Ladino clover was shown to respond

much more readily to irrigation and to be more adversely affected by

drought than birdsfoot trefoil.

In one Indiana grazing trial birdsfoot trefoil pastures hrere

shown to be equal to an alfalfa-timothy pasture and superior to a

bluegrass-clover pasture in pounds of beef produced per acre (52,

p. 51, 74-76>. In another trial a \irdsfoot trefoil-grass mixture

produced more beef per acre during a five-year period than bluegress

alone fertilized with 360 pounds of ammonium nitrate annually (53,

p. I-16) .

Companion Crops and Lezume Establishment

From the economic standpoint it is desirable to establish legumes

with a companion crop to avoid the loss of one crop year. Companion

crops, however, are, in general, detrimental to the welfare of the

legume seedling.

The influence of companion crops and of various herbicide treet-

ments on stand establishment and yields the year following treatment

was studied by ShoLl and Staniforth (47, p. 432-435). They,reported

excellent control of weeds with a combination of 4 pounds of Dalapon
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and * pound of 4(2,4-DB) per acre. Companion crops reduced stands

and yields of birdsfoot trefoil under all managements studied; however,

rainfall hras a limiting factor in those years in which companion crops

were seeded.

Companion crops may be expected to reduce the yields of legumes

if seeded on a weed-free seed bed. However, where weeds are a problem,

the weeds themselves may furnish as much competition as a companion

crop. Smith et al. (50, p.449-45L) studied the influence of seeding

rate of an oat (Avena sativa L.) companion crop on the establishment

of legumes. On the heavy soils studied, weeds were Prominent and in-

creased as the seeding rate of oats decreased. Increased weed growth

compensated for the decrease in oats as a competitive factor and, con-

sequently, differences in stand establishment of legumes were only

slightLy affected by seeding rate of oats. On light soils competition

for moisture appeared to be the major factor influencing the estab-

lishment of legumes. On these soils poor stands of legume occurred

with heavy seeding rates of oats.

Seeding the companion crop at less than the normal rate or at

wider row spacings seems to benefit the legume and often with little

loss of grain yield. Pendleton and Dungan (40, p. 442-444) studied

the influence of different spacings of an oat companion crop upon

yields of oats and of red clovet (@ t. ). In no oat

seeding arrangement did the red clover population, early growth, or

hay yield'equal that of plots where red clover was grown alone. The

growth and hay yields of red clover $rere proportionately better as the

spacing width increased. Grain yields ranged from 43.6 bushels an



6

acre for the 24-inch spacings to 67.9 bushels for an 8-inch spaeing.

Klebesadel and smith (21, p.627-630) found that stands of al-

falfa were reduced when an oat companion croP was allowed to mature.

Thinner stands, however, were not associated with yield reduction in

subsequent years. Collister and Kramer (6, P. 385) found that dif-

ferent varieties of oats used as conpanion croPs affected yield of

red clover herbage. Oat height and yield of clover forage were nega-

tively correlated. Smith et al. (50, p. 449-451) studied the effect

of sowing rates of oats upon l.egume establishment. Differences in

sowing rate were minimized due to increased weed growth on thinly

sown oat pl.ots. Oat varieties did not significantly affect legume

stand.

In the eompanion croP exPeriments reported, the majority show

that stande of legume lrere reduced with increasing levels of compe-

tition. In most cases decreases in stand were accompanied by de-

creases in yield. In these trials no attempt was made to delineate

periods in which losses in stand occurred.

Competition and the Micro-environment

In legume seedling establishment, competition may be intentional

(seeding with a companion crop) or non-intentional (ingress of weeds).

In either case the growth rate of the companion erop or weeds will

exceed that of the legume seedling and they may be considered as an

overstory species. Competition may be defined es an adverse environ-

mental condition for one plant brought about by the Presence of an-

other. Within this definition Plants in a community may be mutually
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depressive, or an agressor species best adapted to a given environ-

ment nay dominate. An adverse environmental condition may be manifest

as a decreese in light, nutrients or moisture supply. It may also

oecur as a change in the macro-r micro- or bio-micro-elimate, i.e.

temperature. The effects of a change in environment at any level are

seldom a result of one factor, but rather an interaction of factors.

Optimum growth is attained when the most favorable balance of all en-

vironmental factors occurs.

Probably the most marked effect of en overstory speeies uPon the

micro-environment of an understory sPecies is the reduction of light

intensity. Since growth is dependent uPon photosynthesis, reduction

of light below levels needed for optimum photosynthesis restricts

growth. When light is reduced to the point that photosynthesis equals

respiration (light compensation point), growth cannot occur. Further

reduction will result in a greater loss of substrate by respiration

than is being synthesized and death of the seedling may occur.

Photosynthetic and respiratory rates vary with temperature. Op-

tinum temperatures for photosynthesis are generally lower than those

for respiration (11, p. L76). For example, photosynthetic rate in

the white potato attained a maximum at about 20oC., but respiration

at this temperature was or,ly 12% of its maximum rate. When tempera-

ture was increased to 48oC. the rate of photosynthesis decreased to

zero, but respiration rate reeched the optimum (25, P. 70-77). Since

growth of a plant is represented by the difference between synthesis

and oxidation of organic compounds, plants ere at a disadvantage when

temperatures exceed the optimum for photosynthesis.
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The variable effects of temperature on photosynthesis and res-

piration cause light measurement criteria such as "Iight eompensation

point" to fluctuate. Thus the quantity of light required for photo-

synthesis to equal or exceed respiration will vary with temperature.

As a consequence, the influence of reductions in light intensity may

be more critical at one period of growth than another.

Ormrod (57, p. 93-95) studied compensation points of rice seed-

lings as influenced by temperature. The compensation point increesed

with temperature and was 150 f.c. at 4OoF., 400 f.c. at 6OoF. and

14OO f.c. at 8OoE. He states that low temperature in the field at

night may be beneficial due to low respiration and that high tempera-

ture with low light intensity may be serious in terms of net uptake

or release of CO2 by the plant.

Reduced light intensity may alter the ratio of plant organs.

Blackman and Templeman (4, p. 533-587) report that at low light in-

tensity, leaf production takes place at the exPense of roots. Re-

duced root growth in turn increases the susceptibility of seedlings

to drought (49, p. 523),

Rhykerd et aI. (46, p. 199-201) found that birdsfoot trefoil had

a very low proportion of leaves to stems at low light intensities as

compared to red clover. They point out that this may be an important

factor in explaining the lack of competitiveness of birdsfoot trefoil

when it is eetablished with a companion crop. In another study Rhykerd

et al. (45, p. 7-9) found that birdsfoot trefoil fixed significantly

less CO2 under all light treatments tested than did red clover or

alfalfa. McKee (26, p. L-35) found that the leaf area per plant of
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Pennscott red elover often inereased under conditions of moderate *rad-

ing. In eontrast, leaf area of alfalfa remained constant and that of

birdsfoot trefoil decreased.

Gist and Mott (17, p. 583-586) found that decreases in light in-

tensity inhibited root and top grohrth of birdsfoot trefoil in much

the same manner as for alfalfa and red clover. However, the growth

of birdsfoot trefoil seedlings was only about one-third that of aIfal-

fa under all light intensity treatments. McKee (ZA, ,. l-35) found

that trefoils shaded for 5 weeks required 6 to 11 weeks of growth in

fuII daylight to restore their original top,/root ratio. He also re-

ported that the dry-top-weight,/leaf-area ratio for red clover and al-

falfa was .01I and for trefoil was .017r which indicated that red cIo-

ver and alfalfa accumulated less dry matter per unit of leaf area.

Sinee weight of roots was not included in this calculation, the valid-

ity of his assumption is open to question.

Prichett and Nelson (41, p. 173-177) report that one of the most

striking effects of reduced light intensity on alfalfa was the pro-

portional decrease in nodulation. They found that nodulation essen-

tialIy stops at less t}:.an 257 f.e. and state that this may be a con-

tributing factor to loss of seedlings in the field. McKee (ZA, p.1-

55) reported that VernaI alfalfa and Empire and Viking birdsfoot tre-

foil required at least 257o of daylight to be functionally nodulated

and 50% to be adequately nodulated. In contrast, functional nodules

of Pennscott red clover were observed at L2.5% of full daylight.

An overstory species reduces the insolation intensity and influ-

ences the wavelength of radiation reaching the soil surfaee. Geiger
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(16, p. 282) reported that the insolation intensity at the soil sur-

face under plants one meter high in a meadow was only one-fifth that

at the soil surface of bare [round. The wavelengths of radiation are

also different since light reflectivity of plants is dependent upon

wavelength. Reflectivit', is in the range of 8-20% for wavelengths

in the visible range of light but rises to 45% in the infra-red range

(16, p,272). Thus the intensity and quality of light reaching the

soil surface differs under plant cover and malz influence soil and air

temperatures near the surface. Geiger (16, p. 287) points out that

the intensity of incoming radiation upon a growing crop and bare soil

is the same during the day. Likewise, the intensity of outgoing ra-

diation at night is equaI. The effect of the plant cover is on the

distribution of heat gained or lost. Dense stands of plants result

in a cooler air temperature near the ground during the day. At night,

however, outgoing radiation is from the top surface of the vegetation

and the air is consistently warmer near the ground.(16, p. 29O>. In

contrast, in the absence of an overstory species, radiation is from

the soil surface, resulting in a cooler layer of air near the ground.

Cooper and Ferguson (8, In press) found soll temperatures to be

5 to 8oF. lower under a barle;' companion crop at depths of 3 to 24

inches. Temperature is known to have marked effects on metabol ic

processes. As pointed out b;'Richards et al. (43, p. 505-480) "Such

physiologieal phenomena as e,.toplasmic streaming, bio-electric po-

tential, synthesis of organie materials, translocation, and respira-

tion are all influenced by temperature." The influence of soil tem-

perature on plant growth has been studied by numerous workers. Most
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studies have emphasized the effect of soil temperature on ion absorp-

tion. Difficulties,have been encountered in this respect in that it

is not easy to separate temperature effects uPon the absorption pro-

cess from effects upon translocation and utilization of nutrients

within the plant (39, p. 77-79).

Increasing soil temperatures have generally been shovun, within

limits, to increase the phosphorus content of plants. In a study of

ryegraSS(]@'I.)grownattemperaturesof10,20and50oC.

phosphorus eontent was highest at 2OoC. and was higher at 50 than at

1OoC. (38, p. 257-259). The percentage N, however, was less at 20

than at 10 or 30oC. Nielsen e! 91. (35, p. 369-371) measured P up-

take of corn and bromegrass at soil temperetures of 41, 54,67 and

80of. In the absence of added phosphorus, the P content of both

species increased with temperature. With added phosphorus, however,

the concentration of P tended to decrease with increasing temperature.

Apple and Butts (1, p. 325-332) found that applied phosphorus increas-

ed P content of pole beans significantly more at low than at high

temperatures. The effect of temperaLure on P content was greatest

when P was applied.

Eid et al. (14, p.361-370) fertilized corn grown under soil

temperatures of 20 and 35oC, with phosphorus at rates of 0, 150 and

500 pounds of PrO, per acre. At 20oC. availability of soil P was

determined almost entirely by the inorganic fraction. At 55oC. both

organic and inorganic fractions were related to the amount of plant-

available P. Differences between temperatures were not significant

for inorganic fractions, but were highl), significant for organic
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fractions. They attribute their results to raPid mineralization of

the organic P fraction at high temperatures. Ketcheson (20, p. 4l-47)

found that phosphorus application decreased the P percentage in corn

at higher temperatures but increased the P percentage at lower temper-

atures. The Iower percentage at higher temperatures was attributed

to the increased growth of herbage without additional absorption.

The effects of soil temperature on cation absorption have been

more variable than that:of phosphorus. Nielsen et il. (36, p. 287-

292) studied cation absorption by alfalfa grown at soil temperatures

of 5, 12.21 19.6 and 26.7oC. Potassium increased in tops and decreas-

ed in roots with increasing soil temperatures. Both Mg and Ca content

of roots and tops decreased with increasing temperature. Wallace (5I,

p.407-411) found that K content of soybeans increased with increasing

temperatures of 12, 22 and 32oC., while divalent cations decreased.

In barley K increased from 12 to 22oC., but decreased from 22 to 32oC.

Hoaglund and Broyer (19, p. 471-507) found the accumulation of K by

ceIls, over short periods of time, was definitely related to temPer-

ature. Ehrler and Bernstein (15, p. 67-74) found that low root tem-

peratures, in general, consistently resulted in lower levels of cations

in rice at maturity. Miller and Army (51, p. 118-154) attribute in-

creased K absorption with increasing temperature to higher metabolic

activity. In general, it would appear that K absorption is increased

while Ca and Mg are decreased with increasing temperature. Peterson

and Krackenburger (39, p. 77-'9X) point out that changes in culture

solution, to promote K absorption, wil1, in general, deerease absorp-

tion of Ca and Mg. It would seem that there is an inverse absorption
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relationship between these cations which is influenced by temperature,

concentration and other factors.

The effects of plant cover on air and soil temperatures may alter

the ratio of root to top growth since various organs of the same plant

have different cardinal temperatures for the same funetions (1t, ,.

t77) .

Ketcheson (20, P. 4I-47) states, "rf temPeratures are below op-

timum, root growth may be inhibited due to reduced translocetion of

regerves, reduced nutrient uPtake, or both."

Nielsen et aI. (:S, p.369-37L) found roots and tops of corn in-

creaeed with temperatures of 4I, 54,67 and 80oF. Tops of bromegrass

also increased with increasing temPerature. Roots of bromegrass, how-

ever, increased from 41 to 67oF., but decreased from 67 to 8OoF.

proebstinE (42, p. 278-28L) found top,/root ratios of strawberry clover

(Trifolium fragiferum L.) were lowest at low soil temperatures.

Nielsen et al. (54, p. 255-263) found that top,/root ratios of oats

increased with temperatures from 41 to 80oF. McKell SI 31. (za, ,.

109-115) found that either an inerease in temperature or an increase

in P fertility increased top/root ratios. In general, most reaults

from soil temperature studies show that although growth of roots and

tops ere both promoted with increasing temperatures, the growth of

tops is proportionately greater than that of roots.

Loomis (24, p. 197-217) states, "Correlations in the growth of

roots and shoots are primarily competitive. Root growth tende to

be limited by supplies of carbohydrate and other growth materials

from the top, and growth of shoots is limited by supplies of water
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and minerals obtained through the roots." Since roots serve as the

absorbing and storage organs of plants, culture conducive to their

optimum growth during the establishment period should be of paramount

importance to plant survival.

In addition to affecting light intensity and air and soil temper-

atures, an overstory species modifies atmospheric humidity. Plants

retard the rate of evaporation from the soil and are themselves con-

stantl;, exuding rrater vapor in transpiration. Fuitthermore, the over-

story species retards the movement of wind, so that movement of water

vepor from the plant surface is limited. The result of these influ-

ences is an increase in relative humidity within the vegetative cover

(16, p. 279).

Aside from its effect upon the micro-environment, an overstory

species competes directly with an understory species for soil mois-

ture and nutrients. Roots of barley were shor^m to have penetrated to

a depth of 6.6 inches and spread laterally to a width of 5.5 inches

(8, In press) before legume seedlings were two inches high. Thus, if

eithep soil nutrients or moisture were in scarce supply, direct com-

petition by a companion crop for these factors could be critieal very

early in the establishment period.

From the foregoing discussion, it is evident that the introduc-

tion of competition with legume seedlings in the form of a companion

crop or weeds results in a complicity of environmental changes. These

changes in turn malr have profound effects upon the photosynthetic-

respiration balance within a plant.

Since environmental conditions vary with time, conditions for
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growth and factors affecting it vary with time. Thus, the growth of

an individual species may be more critical at one phenological growth

stage than at another. In studying factors affecting establishment

and performance of a species, the first objective should be to delin-

eate periods most critical to its growth. Once these periods are

delineated, more detailed studies concerning specific environmental

factors may be made.
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AIM AND SCOPE OF STUDY

Field Studies

From the literature cited in the preceding section, two assumP-

tions ma;r be made with respect to establishment of legumes with com-

panion crops. (t) Stands of legumes will be reduced and (2) subse-

quent performance of legumes may be impaired. In the studies pre-

viously reported, however, no attempt was made to determine the per-

iods in which seedling loss occurred, nor whether or not subsequent

performance of legumes was a result of reduced stands, reduced plant

vigor, or both. In the field studies reported herein, the specific

objectives were to determine (1) the effect of a companion crop upon

stand loss and growth retardation of seedlings, (Z) ttre most critical

periods in establishment, (5) the effect of competition modification

by cultural practice on seedling establishment, (4) the effect of

reduced stands or retarded seedling growth upon subsequent performance

of legumes grown in assoeiation with grass.

In considering the first two objectives, several assumptions ma:r

be made: (1) seedlings die prior to barle; maturation due to compe-

titive pressure from the companion crop, and (2) seedling loss may

occur during periods subsequent to barley maturation due to growth

inhibition during the establishment period.

Objective three assumes that the adverse effects of companion

crops are in proportion to competitive.pressure. Evaluation of this

objective presupposes that through cultural practices the degree of

competition may be modified or that the ability of the seedlings
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to withstand competition may be enhanced.

The fourth objective evaluates the long-range adverse effects of

companion crops. The influence of stand losses upon subsequent leg-

ume performance might be expected to persist for the life of the stand

or might be compensated for by increased size of plants with time in

thinner stands. The effects of reduced seedling vigor would be expect-

ed to decrease with time unless the weakened condition of legume seed-

lings favored growth of the grass associate. In this case, the more

vigorous growth of the grass associate might affect legume performance

for longer periods. The inter-relationship of grass and legume yields

as influenced by establishment practicecis of particular interest from

the standpoint of pasture production.

Soil Temperature Studies

In the field studies precise control and evaluation of specific

growth factors such as 1ight, temperature and moisture were not fea-

sible. In order to evaluate the influence of some of these factors

more precisely, additional studies were initiated. The first of these

was to study the influence of soil temperature upon growth. Its ob-

jectives were to determine (1) the influence of soil temperature upon

root and shoot development of birdsfoot trefoil and alfalfa and (2)

the inter-relationships of phosphorus and soil temperature upon growth.

In considering objective one, it is assumed that part of the ad-

verse effects of a companion crop may be due to a decrease in soil

temperature. The effects of soil temperature on growth are thus of

interest, particularly with respect to root growth. Rapid penetration
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of roots into soil enables seedlings to escape drought conditions

which occur most readily in the surface soil. Furthermore, since

roots serve as the storage reservoir for carbohydrates used in growth

initiation,the following year, they are important to winter survival.

The relationship of phosphorus uptake of seedlings to soil tem-

pereture ma;i be of particular importance in the Lntermountain Region.

soil temperatures in early spring may be too low for mineralization

of organic phosphorus. Thus seedlings mal/ be dependent solely on in_

organic phosphorus for growth. The avairabirity and quantity of in-
organic phosphorus and the ability of seedlings to take up phosphorus

at specific temperatures would definitely influence the vigor and sur-

vival of seedlings.

Light Study

The second specific growth

Objectives of this study were to

points of alfalfa and birdsfoot

sponse of seedlings to low light

1 ing.

factor selected for study was light.

determine (1) the light compensation

trefoil and (2) whether or not re-

intensity varies with age of seed-

The objectives of this study assume thag seedling loss in the

field occurs prior to barley maturation and is due to reduced Iight
intensity. Since death is assumed to occur at light intensities below

compensation point, differenceg in this value between species could

account for greater loss of one species than another. rt is also

assumed that compensation points may vary with seedling age. rf this
were the case, seedlings would be more susceptible to row right
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intensity at one age than another. Fulfillqent of these objectives

should cLarify the effects of low light intensities on seedling growth.

Resoiration Studv

-

The fourth experiment was conducted in the laboratory with the

sole objective of determining whether or not alfalfa and birdefoot

trefoil differ with respect to rate of respiration. Al.falfa general-

Iy is considered to have greater seedling vigor and is more productive

than birdsfoot trefoil. Although the difference in growth potential

of these two species is genetic in nature, its manifestetion may be

due to a more efficient metabolic rate. Measurementg of respiration

rates of germinating seeds of these species should provide information

on their metabolic activity.
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FIEI,D STUDIES--INFLUENCE OF COMPAI{ION CROP, SEEDING YEAR MANAGEMENT

Alo rnnrrlrzATroN pRAcrrcE upoN TtrE ESTABLTSHMENT, suRvrvAl AI{D
PERFORI'{ANCE OF BIRDSFOOIT TREFOIL AND ALFALFA

DESCRIPTION OF AREA

The experiment was conducted at the Crops and Soils Field Re-

search taboratory of Montana Agricultural Experiment Station, located

five miles west of Bozeman, Montana, at a latitude of 460 N and a

longitude of 1110 E, at an elevation of 4800 feet. The farm is typ-

ical of irrigated land in Gallatin Valley, Montana. Crops in this

region are mostly sma1l grains, alfalfa hay, and irrigated pasture.

There is some production of small-seeded legume seed, mostly shreet

and red elover.

The climate of the area is typical of the Intermountain Region

with harsh winters and cool summers. The average duration of the

frost-free period is 116 days. Precipitation and average mean maximum

and minimum temperatures for I960-1962 crop years are presented in

Table 1. Since the Field Laboratory was recently established, long-

time records are not available for comparative purposes.

The soil on the farm is Bozeman silt loam, brown-phase, which is

characterized as follows:

Depth

0 to 6 inches

Description

Dark grayish-brown, friable, silt-loam of fine-

crumb structure; about neutral.

Grayish-brown, friable, moderately heavy silt-

loam; indistinct prismatic structure, about

neutral.

6 to L2 inches



Table I Mean monthly precipitation and maximum,
at the Agronomy Farm, Bozeman, Montana,

2L

minimum temperatures
L960-1962.x

Precipitation by years
in inches

Mean temperature by years
in oF.

59-60 60-61^ 6l-62

-

59-60 60-6 1 61-62

Max. Min. Max. Min. Max. Min.

Nov.

Dec.

Jan.

Feb.

March

April

May

June

JuIy

Aug.

Sept.

Oct.

.68

.42

.32

.25

L.45

1 .80

1 .98

1.10

.15

1.79

.32

.65

.33 .88

.39 .20

.01 L.2L

.5r .70

.39 .83

1.40 .86

1.48 5.11

.60 1.61

.61 4.21

.61 1.65

4.15 .51

1.65 1.22

4t.4

37 .8

29.5

31.5

42.5

52.4

63 .5

7 5.2

86. r

79.8

72.5

60.3

13.8 43.2

14. 1 36 .4

4.9 38.7

7 .4 45.6

L7.4 48.6

28.2 52.2

34.9 66.3

43.2 80.9

49 .4 84.4

44.7 85.6

37 .7 60.3

3t .2 54.8

2L.8

10. 9

14. 1

26.O

22.9

27 .4

36.5

46.3

48.3

48. 1

33 .2

26 .2

40.3 14.9

3t.2 11.5

26.2 .5

32.9 10 . 6

40.1 14.8

59.4 30.7

61 .8 37 .O

72.5 43.L

78.4 47 .O

77.2 45.4

69.1 56.1

62.t 34.4

Total 10.89 12.13 16.97

Growing season climatic data for a crop year is considered to be
those precipitation and temperature data commencing in November
of the preceding year and eontinuing through October of the crop
year.
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20 inches plus

The surfaee

phosphorue and is
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Yell.owish-brown or light-brotm, friablersiltyt

clay loam; slightLy alkaline.

Light-gray, highly calcareous silt-loan; 1o-

cally contains some fine sand. Underlein at

5 or more feet by stratified sands and silts.

soil is eonsldsred to be low in organie Batter and

approximately neutral ln pH.

EXPERIMEMAL PROCEDURE

Birdsfoot trefoil-orchardgrass and alfalfa-orehardgrass mixtures

were established under three companion crop treatments and two rates

of nitrogen and of phosphorus fertilization. Mixtures established

under the above treatments were further subjeeted to two harvest man-

agement treatments in the year of seeding. The influence of treat-

ments upon light penetration, seedling stands, and yield was deter-

mined in the seeding year. In subsequent years, the effects of treat-

Bents upon stands, survival, yields and botanical composition of mix-

tures were determined.

The erperiment was eonducted as a factorial in a split-plot-

randomized-block design with 5 replications. Main plots wer€ colr-

prised of the faetorialized harvest management and companion erop

treatments. Subplots were eomPrised of the factorialized nitrogen,

phosphorus and species treatments. Each subp}ot was 5 by 50 feet'

with two rows of crested wheatgrass seeded between adjacent plots.

Treatments, and Levels of each, were as fol.lows:
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Companion crop:

(1 ) None.

(2) Barley seeded in 6-inch rows (full seeding rate, 96

pounds per acre).

(3) Bar1ey seeded in l8-inch rows (l/3 seedLng rate, 32

pounds per acre).

seeding year harvest management:

(1) Cut to simulate pasturing.

(2) Cut as grain or at the same time as grain.

Nitrogen leve1s:

(1) No nitrogen

(2) 40 pounds of nitrogen per acre applied as ammonium

nitrate.

Phosphorus levels:

(1) No phosphorus

(2) 35 pounds of phosphorus per acre applied as treble-

super phosphate.

Mixtures:

(1) Tana birdsfoot trefoil (Lotus corniculatus L.) seeded

at 5.1 pounds per acre and Potomac orchardgrass

(Dactylis glomerata L.) seeded at 2.8 pounds Per acre

in alternate rows. (Seeding rate was based on a pure

1 ive-seed index).

(2) Vernal alfalfa (Mgiisege_gltira L.) seeded at 1.7

pounds per acre and Potomac orchardgrass seeded at

2.8 pounds per acre in alternate rows. (Seeding rate



24

was based on a pure t ive-seed index. )

Seedings were made in the spring of 1960 and 1961. Grass and

legumes were seeded at a ]-inctr depth in alternate 6-inch rows in

an east-west direction with a single-rol^/ cone-type seeder. Barley

was seeded at right angles to the grass and legume rows in a north-

south direction. Fertilizer was broadcast onto plots after seeding,

using a machine which metered fertilizer from two CoIe top-delivery

hoppers. In 1960 redroot pigweed (a*rt""tt"t t"tt ) and pigeon

grass (Setaria viridus) were each broadcast on all plots at a rate of

one pound per acre. Weed seed was not broatcest on 1961 plots, since

these plots were heavily infested with wild oats (Avena fatua L. ).

In the seeding year all plots were irrigated frequently to reduce

moisture competition. Four 5-inch irrigations were sprinkler applied

to 1960 seedings and five 5-inch irrigations to 1961 seedings. In

years subsequent to seeding four to five 5-inch irrigations were aP-

plied to both 1960 and 1961 seedings.

Collection of Data

Percentage Occupancy - Beginning with the establ ishnent year and

eontinuing through subsequent years, the "percentage occuPancy" of

birdsfoot trefoil and alfalfa seedlings was measured on each plot in

the spring and fall of eaeh year. Measurements were made using a 56-

by l.8-inch frame subdivided into twenty 1.8- by 1.8-inch units. The

frame was placed over a row of legume at 5 random locations within a

plot to obtain a sample of 100 units. A unit was considered occupied

by a speeies if all of its crown was included. The number of units
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occupied was expressed as percentage occupied or "percentage occupancy".

Light Measurements - The percentage of solar radiation above the

barley companion crop which reached undersonm legumes was meagured by

the technique of Bula et al. (9,, p. 27L-278). Using a measurement

device patterned after the one described by Miller (30, p. 56-57),

Bula et aI. describe this device as follows:

The device determines the ratio of the time average
of two fluctuating quantities of light. Two vacuum
photocells, suitably morlnted to give the required
angular and spectral responses, were supported on a
rigid framework at a distance in front of the
operator. One photocell remains above the oats and
the other rests at a level of 3 inches above the
soil in order to keep it free of dirt film. Carried
by the operator with the batteries, the strueture
is pushed dom a row while two electronie inte-
grators add separately the responses of each cel1.
The integration is stopped after a fraction of a
minute and the ratio of the two integrals in volt-
age is determined by a nullmeter-potentiometer
combination. The average percentage trensmission
of the photosynthesizing radiation, incident on a
given crop, which penetrates to the lower photo-
cel1 is read directly from the potentiometer dial.

Considerable difficulty hras experienced with this device in 1960

and successful readings were obtained on only one day. In 1961 read-

ings were successfully made at 2-hour intervals from 6 a.m. to 6 p.m.

on June 2, JuLy 7, and July 26. At the latter date the companion

crop was mature and its shading effect considered to be stabili,zed.

Yields - Yields of herbage were measured by clipping a 38-inch

wide strip throughout the length of each pIot. Each yield sample was

weighed green and a sub-sample taken for moisture determination. Herb-

age yields rrere expressed in tons per acre at 12% moisture.
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In the seeding year three harvests were made of the eut to

simulate pasturing treatment. On the cut as grain or at the same time

as grain treatment, yields of grain and of weeds, grass and legumes

wene meagured.

Each year subsequent to the year of seeding, three harvests were

taken. At each harvest the yield of legume and grass in mixtures lras

measured, in most cases, by harvesting twelve feet of adjacent grass

and legune rows and hand separating. In sone cases, where applicablet

the constituent-differential nethod was used (9r p. 190-1951.

RT.SULTS

Pereqntage Oceupancy of Seedlings

1960 Seedings - The first Beasurements of percentage occupancy

of legumes were made on June 16, 1960, prior to the initiation of

harvest treatments. As a eonsequenee, stand differences at this date

reflect only speeies, fertilizer and companion crop effects. ALfalfa

stands were significantly greater than those of birdsfoot trefoil.

Stands of both species were not affeeted by fertilizer treatment but

were significantly reduced, and to a like degree, with inereasing

J.evels of companion crop treatment (Table 2). In the fall of 1960

percentage occupancy of plants followed the same general pattern as

in the spring. Once establishedr plants were able to withstand the

eonpetitive effect of barley and stands were not affected by harvest

treatment.

Pereentage occupancy readings in the spring of 1961 reflect the
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TabIe 2. Percentage occupancy of alfalfa and birdsfoot trefoil
plants in mixtures with orehardgrass in 1960, 1961 and
1962 as affected by companion crop treatments in 1960.*

1960 Companion crop treatments
Sampling date

and species
No companion Barley in Barley in Ave.**

crop l8-inch rows 6-inch rows

d
lo

d
loZ,Z.

June 14, 1960
Alfalfa 49 46 34 43 a
Birdsfoot trefoil 45 40 32 59 b

Ave.** 47 a 43 b 33 c

September 21, 1960
Alfalfa 50 47 41 46 a
Birdsfoot trefoil 45 42 58 42 b

Ave.** 48 a 45 ab 40 b

May 8, 1961
Alfalfa 66 59 52 59, a
Birdsfoot trefoil 57 46 33 45 b

Ave.** 62 a 52 b 42 c

October 10, 1961
Alfalfa 67 64 57 62 a
Birdsfoot trefoil 69 55 46 57 b

Ave.** 68 a 60 b 51 c

June 26, 1962
AIfaIfa 68 64 58 63 a
Birdsfoot trefoil 61 56 44 54 b

Ave.** 64 a 60 a 5I b

September 10, L962
Alfalfa 66 62 57 62 a
Birdsfoot trefoil 64 54 46 55 b

Ave.rkrk 65 a 58 ab 52 b

* Means represent the average of 2 harvest management treatments,
4 fertilizer treatments and 3 replications.

** Average values for speeies or companion crop treatments within a
sampling period not followed by the seme letter are signifieantly
different at the 5% Level of probability (15, p. l-42).
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survival of plants throughout the winter and the influence of previous

treatment upon survival (Table 2). In eonsidering the data, one must

bear in mind that oceuPancy refleetg the degree of ground eover and

not a fixed number of plants. Coneequently, trends in occupancy can

only be reliably compared between treetments within a given date,

since the crowns of plants become larger between sampling dates and

thue give higher readings. On this basis of comparison, stands of

birdsfoot trefoil plants were affeeted more by previous treatment than

those of alfalfa. The difference in percentage occuPancy of alfalfa

plants seeded without a companion croP and with a companion eroP seed-

ed in 6-inch rows was 14. In contrast, the difference in percentage

occupancy of birdsfoot trefoil in those treatments was 24. The data

indicate that more trefoil plants were lost during the winter than

alfalfa plants. Occupaney readings in the fall of 1961 followed the

same general trend as those in the spring (Table 2). Loss of plants

did not occur during the growing season of 1961.

Pereentage oceuPaney of alfalfa and birdsfoot trefoiL plants

in the spring and fall of 1962 followed the same trends as those in

1960 and 196I, with stands being reduced in proportion to the inten-

sity of competition in the seeding year (Table 2).

1961 Seedings - Percentage occuPancy of alfalfa and birdafoot

trefoil in 1961 was, in general, affeeted by companion crop treat-

ments in a manner similar to that of 1960 seedings (Table 5). The

data differed from that of 1960 as follows: (1) Stands of both spe-

eies were equal, (2) percentage occuPancy of birdsfoot trefoil was
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TabIe 3. Percentage occupancy of alfalfa and birdsfoot trefoil
plants in mixtures with orchardgrass in 196I and 1962
as affected by companion crop treatments in 1961.*

1960 Companion crop treatments

Sampling date
and species

No companion Barley in Barley in Ave.**
crop l8-inch rows 6-inch rows

d
loZ.

d
lo7o

August 17, 1961
Alfalfa 52 48 41 47 a
Birdsfoot trefoil 55 51 36 47 a

Ave.** 54 a 50 a 38 b

May 9, 1962
A1 fal fa 72
Birdsfoot trefoil 72

67 58
68 53

66a
64a

Ave. ** 72e 68a 56b

September 11, 1962
Alfalfa 62 60 51 58 a
Birdsfoot trefoil 66 57 51 58 a

Ave.** 64 a 58 a 51 a

* Means represent the average of 2 harvest management treatments,
4 fertilizer treatments, and 2 replications.

** Average values for species or companion crop treatments within a

sampling period not followed by the same letter are signifieantly
different at the 57o levelof probabil,ity" (13, p. l-42).
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reduced by a companion crop to a greater degree than alfalfa in the

seeding year, and (5) there was little evidence of loss of plants dur-

ing the first winter. In considering the data from both seeding years,

the following conclusions may be made: (1) Seedling loss occurred

during the very early establiEhment period and the degree of loss was

similar for both species, (2) fertilizer did not enhance the ability

of seedlings to survive, (3) following the initial stand 1oss, further

losses did not occur during the first year, (4) additional losses of

birdsfoot trefoil stands occurred in one winter when plants were es-

tablished with a eompanion crop, (5) with non-rhizomatous Iegumes,

initial stand reductions caused by companion crops will be permanent.

Influence of a Bar1ey Companion Crop on Herpage Yields in the Year
of Seeding

The percentage occupancy values reported in the previous section

reflect the influence of treatments on seedling loss. They do not,

however, reflect the influence of treatments upon growth of surviving

seedlings. In order to evaluate these effects, yields of herbage

were measured on plots cut to simulate grazing and on plots harvested

as grain or at the same time as grain. Sinee response to fertilizer

was negative, discussion of yields are confined to the effects of

companion crop treatments.

Yields l^Ihen Cut to Simulate Pasturing - Yields of herbage at 3

harvests in 1960, as influenced by a companion crop, are shorm in

Table 4, At the first two harvests herbage was principally barley

and weeds. Yields increased in proportion to density of barley plants



TabIe 4. Yields of herbage
simulated pasture,
treatments.*

during the year
as affected by
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of seeding, when cut as
companion crop

Companion crop treatments
EstabI ishment

year and
harvest date

No companion
croP

Barley in
I8-inch rows

Barley in
6-ineh rows

1960
June 28**
July 19
September

TotaI

r961
June 19
JuIy 17
Septeuber

Total

L4

T,/A.

.35
r.18

I .55

.37

.94

.59

r .70

T, /A.

.66

.55

.56

L.77

.73

.64

.36

L.64

T. /A.

.87

.80

.18

1 .85

r.11
.34
.19

1.73

Averages of two Iegume species each seeded with orchardgrass
under 4 1evels of fertilization.

Yields not measured from plots with no companion croP on June 28
since herbage was prineipally weeds.
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and reflect the degree of competition in early season. At the last

harvest barley and weeds had ceased growth and herbage was principally

grass and legume. Yie1ds of grasses and legumes at this harvest were

inversely proportional to the earlier intensity of competition from

the companion crop. Alfalfa-grass mixtures yielded .71 tons per acre

and those of birdsfoot trefoil .56 tons per acre at the last harvest.

In 1961 yield trends were similar to those of 1960 at the first

harvest (Table 4). Yields at the second harvest, however, were in-

versely proportional to the intensity of companion crop treatments.

The difference in second harvest yield trends between years was due

to the difference in the type of weed population. In both years the

density of the weed population was inversely proportional to the in-

tensity of competition from the companion crop. The weed population

of redroot pigweed and pigeon grass in 1960, however, was suppressed

by one clipping, whereas the weed population of wild oats in 1961 was

not. Wild oats produced more herbage than barley after the first har-

vest, which resulted in greater yields.

At the last harvest in 1961, as in 1960, herbage harvested was

principally grass and legume. In contrast to 1960, yields were not

different on the non-companion crop and barley seeded in l8-inch row

treatments. Yields were less, however, when herbage was grom with

barley seeded in 6-inch rows. The data again reflect the adverse

effect of a companion crop in the early establishment period of leg-

umes.

Height of legumes was meaeured three weeks after the second har-

vest in 1960. Companion crop treatments had a marked effect on the
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regrowth of both species (Table 5). Regrowth of species seeded with

barley in 6-inch rows was less than half that of species seeded with-

out a companion crop. The data indicate the weakened condition in

which seedlings established with a companion crop go into the over-

wintering period. Measurements of regrowth were not made after the

second harvest of legumes seeded in 1961.

Yielde of Weeds, Grass and Legumes at Grain Harvest - The barley

eompanion crop deereased the yields of weeds, grass and legumes at

grain harvest in 1960 (Table 6). Competition from weeds was much

greater in the absence of barley, but was not as adverse to the growth

of seedlings as the barley itself. The weed component was predomi-

nantly redroot pigweed and pigeon grass.

Yields of the weed component of herbage at the grain harvest in

1961 were 2.31,.45 and.I0 tons per acre, respectively, for companion

crop treatments of none, barley seeded in l8-inch rows, and barley

seeded in 6-inch rows. Weed production, which was predominantly wild

oats, was approximately twice that of 1960. Growth of grass and 1eg3

ume seedlings in 1961 was not enough to warrant measurement under com-

panion crop treatments. Under the non-companion crop treatment each

of these eomponents yielded .02 tons per acre. This value is in sharp

contrast to the approximately one-half ton of grass and legume herbage

produced under the same treatment in 1960 and reflects the greater

competition from wild oats than from redroot pigweed and pigeon grass.

Light Interception by the Barley Companion Crop

The percentages of solar radiation above the growing crop which



34

Table 5. Regrowth of alfalfa
in 1960, three weeks
harvest.

and birdsfoot trefoil plants, seeded
after the seeond simulated pasture

Legume species
1960 Companion crop treatments

No companion Barley in Bar1ey
crop 18-inch rows 6-inch

Ave.
in
rows

A1 fa1 fa

Birdsfoot trefoil

Ave.

Inches

1I.5

9.6

10. 6

Inches

9.7

6.9

8.3

Inches

4.6

3.8

4.2

Inches

8.6

6.8
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Table 6. Yields of
mixtures
at grain

weeds and of grass
established under 3
harvest.

and legume components of
companion crop treatments

Companion erop
treatment Total

None

BarIey
18-inch

Barley
6-inch

seeded
rows

seeded
rowsrk

T. /A.

1.29

.11

T./A.

.49

.02

T./A.

.46

.04

r. /A.

2.24

.L7
IN

IN

* Growth of weeds,
6-inch rows was

grass or legumes grown with barley seeded in
not enough to measure.
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penetrated to legume seedlings during the days of June 21, JuIy 7 and

Ju,ly 27 of 1961, are shown in Figures 1, 2 and 3.

On June 2l..barley in 6-inch rows excluded the most light, follow-

ed by barley seeded in I8-inch rows (Figure 1). The non-companion

crop plots were heavily infested with wild oats. At this early date,

however, the wild oats had not made as much growth as barley and were

less detrimental with respect to shading of seedlings.

On July 7 light interception data followed the same general trend

as that of the previous sampling period (Figpre 2). Differences due

to treatment were smaller and the shading effect of wild oats was more

pronounced during the morning and afternoon, due to its increased

growth.

On July 26 wild oats on non-companion crop plots had a greater

shading effect than either of the barley companion crop treatments,

which had nearly equal effects (Figure 5). The increased shading was

due to the greater height of wild oats in comparison with barley.

Wild oats and barley r^rere both mature on JuIy 26.

Yields of Mixtures in Years Subsequent to Seeding

Yields of Mixtures in 196I - In the presentation of percentage

occupancy and yield measurements in the year of seeding, it was shown

that competition from barley resulted in (1) death of some seedlings

and (2) redueed growth of surviving seedlings. The death of seedlings

occurred as a result of companion erop eompetition early in the seagon

and was not affected by harvest management. Growth inhibition, how-

ever, was modified by harvest management and wes greater when barley
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Figure 1. The Z of solar radlatlon above the crop which penetrated to
legume seedlings on June 2I, 1961.
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was matured to grain than when cut to simulate pasturing. In the fol-

lowing presentation, yield data will be diseussed in terms of the ef-

fects of both stand reductions and inhibited growth of seedlings upon

subsequent.performance of mixtures and of grass and legume components.

The influence of companion crops on yields of mixtures in the

year after seeding is shown in Table 7. At the first harveet yields

decreased in proportion to the intensity of previous competition. The

deerease may be attributed to both decreases in stand density and

growth inhibition of seedlings in the previous year. Yields were

greetest when barley had been previously cut as pasture. On the non-

companion crop treatment, however, yields were greater when weeds were

left etanding until grain harvest than when they were cut frequently.

At the second harvest in 1961 yields of mixtures were not influ-

enced by previous companion crop treetment when barley had been clip-

ped periodically (TabIe 7).

When barley had been matured to grain, however, mixture yields

decreased in proportion to previous competition. At the third harvest

in 196I yields were not affected by either previous companion crops

or harvest management praetice (TabIe 7).

Total season yield reductions, in 1961, of birdsfoot trefoil-

grass mixtures established with barley seeded in 18- and 6-inch rows

in 1960, were.21 and.76 tone per acre, respectively, when the bar-

ley had been cut as pasture and 1.14 and 1.32 tons per acre, respec-

tively, when the barley had been harvested as grain. Yield reductions

of alfalfa-grass mixtures for the seme companion crop treatments were

.05 and .56 tons per acre, respectively, when barley was cut as
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Table 7 Yields* of birdsfoot trefoil-orchardgrass and alfalfa-
orchardgrass mixtures in 196I as affected by companion
crop and harvest management treatments in 1960 (ttre
year of establishment).

Harvest date,
mixtures, and
previous cutting
treatnent

1960 Companion crop treatments
No companion Barley in Barley in Ave.

crop l8-ineh rows 6-inch rows

June 15r 1961
Birdsfoot trefoil-grass

Cut as pasture, 1960
Cut as grain, 1960

A1 fal fa_gras s

Cut as pasture, 1960
Cut as grain, 1960

July 18, 1961
Birdsfoot trefoil-grass

Cut as pasture, 1960
Cut as grain, 1960

Al fa 1 fa-gras s

Cut as paeture, 1960
Cut as grain, 1960

September 6, 1961
Birdsfoot trefoil-grass

Cut as pasture, 1960
Cut as grain, 1960

AlfaI fa-grass
Cut as pasture, 1960
Cut as grain, 1960

Total yields 1961
Birdsfoot trefoil-grass

Cut as pasture, 1960
Cut as grain, 1960

Alfalfa-gras s

Cut as pasture, 1960
Gut as grain, 1960

T./A.

1 .71
1 .81

2.13
2.42

T./A.

1.56
.98

2.06
1 .70

.80 ab

.58 c

L.25 b
L,24 b

.77 a

.91 a

1.55 a
1.68 a

3.t3
2.47

4.84
4 -62

T./A.

l.o7
.85

1 .70
t.52

1. /A.

1.45
L.2t

1 .96
1.81

3.02
2.79

4.7 5
4.69

,78 ab
.89 a

1.20 b
1.41 a

.85

.91

1 .56
L.76

3.34
3.6L

4.89
5.59

2.58
2.29

4.53
3.86

b
b

a
b

a
a

c
d

b
c

b

a

a
a
a

a

a
a
a

.70

.55

t.2l
1 .00

.81

.93

1.62
t.54

.76 b

.67 c

L.22 a
1.22 a

"81
,92

| .57
I.66

b
c

b
c

b
c

b
b

a
a

a
a

* Yleld values for treatments within a mixture at a given harvest
date or for harvest manegement treatment averages within a har-
vest date not followed by letters in common are significantly
different at the 5% leve1 of probability (I3, p. l-42).
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pasture and.97 and 1.75 tona per ecre, resPectively, when barley

had been harvested as grain.

Yields of Mixtures in 1962 (1960 Seedings) - Average yields of

mi:ctures seeded in 1960 tended to increase in proportion to intensity

of seeding-year companion crop treatment at the first harvest in 1962

(Tab1e 8). It will be subsequently shown tha! this increase was due

to increased yields of the grass component and not due to increased

yields of legume

At the second and third harvests it 1962, yields were reduced

slightly, although not significantly, as a result of previous com-

panion crop treatments (Table 8).

Yields of Mixtures in 1962 (1961 Seedings) - Seeding year har-

vest management practice in 1961 had little effect on 1962 yields of

mixtures. Companion crop treatments of 1961 significantly reduced

yields only at the first harvest in 1962 (Table 9). Later harvests,

however, continued to show an apparent decrease in yield in proportion

to the degree of previous competition from the companion crop. Yields

of alfalfa-grass and birdsfoot trefoil-grass mixtures, established

with barley seeded in 6-inch rows in 1961, were reduced .74 an.d .63

tons per acre, respectively, in 1962. These yield reductions were

not as striking as those which occurred with mixtures seeded in 1960.

The 1961 seeding was heavily infested with wild oats which was strong-

ly competitivb with seedlings on non-companion crop treatments.

Yields of Grass and Legume Components of Mixtures

YieIds of mixtures reported in the previous section show only
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Table 8 Ytrelds* of birdsfoot trefoil-orchardgrass
orchardgrass mixtures in L962 as affeeted
crop and harvest management treatments in
year of establishment).

and alfalfa-
by companion
1960 (the

llarvest date,
mixtures, and
previous cutting
treatment

1960 Companion crop treatments
No companion Barley in Barley in Ave.

crop l8-inch rows 6-inch rows

T./A.

1.19 b
1.39 ab

L.62 b
1.81 ab

.56

.58

.97
1 .04

.46

.53

I .05
I .06

2.OL
2.30

3.62
3.9t

T./A.

1.25 ab
1.43 a

1.79 ab
1.73 ab

1.51 ab
1.69 a

1.88 a
1-71 ab

1.25
1.50

1.76
1.75

r./A. T./A.
June 15, L962

Birdsfoot trefoil-grass
Cut as pasture, 1960
Cut as grain, 1960

AI falfa-grass
Cut as pasture, 1960
Cut as grain, 1960

JuIy 17, 1962
Birdsfoot trefoil-grass

Cut as pasture, 1960
Cut as grain, 1960

AJ. f alfa-gras s

Cut as pasture, 1960
Cut as grain, 1960

August 28, 1962
Birdsfoot trefoil-grass

Cut as pasture, 1960
Cut as grain, 1960

Alfalfa-grass
Cut as pasture, 1960
Cut as grain, 1960

Total yields I962
Birdsfoot trefoil_grass

Cut as pasture, 1960
Cut as grain, 1960

AI faI fa-gras s

Cut as pasture, 1960
Gut as grain, 1960

c
b

a
a

a
a

b
b

qa
a

a
a

b
b

a
a

a
a

a
a

a
a

a
a

a
a

.54

.32

.97

.95

.32

.25

.88

.83

.34

.32

.94

.94

.43

.42

.99

.98

2.02
2.24

3.70
3.67

a

a

d

a
a

.43

.41

1.01
.96

2.02
2.16

3.77
3.64

.40

.33

.94

.91

2.03
2.27

3.70
3.45

a
a

* Yield values for treatments within a mixture at a given harvest
date or for harvest management treatment averages within a har-
vest date not followed by letters in common are significantly
different at the 5% I-evel- of probability (15, p. l-42).
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Table 9. Yields* of birdsfoot
mixtures in 1962 as
treatmente in 1961.

trefoil-grass and alfalfa-grass
affeeted by companion crop

Harvest date
and mixture

1961 Companion crop treetments
No companion Barley in Barley in Ave.

crop L8-inch rows 6-inch rows

June 20, 1962
Birdsfoot trefoil-grass
A1 fal fa_gras s

Ave.

August 5, L962
Birdsfoot trefoil-grass
Alfalfa-grass

Avg,

September 9, L962
Birdsfoot trefoil-grass
Al faI fa-grass

Ar:-,

Total yield
Birdsfoot trefoil-grass
A1 fa 1 fa-gra s s

Ave.

T. /A

1.39 a
1.94 a
1.67 a

T./A.

1.05 b
1.59 b
r.51 b

.60
1.16

.88

.17

.35

.26

1 .80
5. 10
2.45

T./A.

.88 c
1.41 c
1.14 c

T. /A.

1.10 b
1.65 a

.62 b
1.12 a

.68
L.L7

.93

.L7

.39

.28

2.24
3 .50
2.88

.58
t.o2

.80

.15

.33

.24

1.61
2.76
2.t8

.16 b

.36 a

d

a
d

a
a
a

a
a
a

a
a
a

6

a
a

a
a
a

1 .88
3.L2

* Yields of a mixture within a harvest or average yields of
mixtures or companion erop treatments within a harvest not
followed by letters in common are significantly different
at the .5% level of probability (15, p. 1-42).
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the quantitative effects of establishment praetices. In grass-Iegume

mixtures, however, the relatiionship of one speeies to another is of

utmost importance. Maintenanee of a legume in mixtures at a desired

Ievel is necessary both from the standpoint of its effeet on quality

of herbage and upon the growth of ite grass associate. In the sub-

sequent discussion the effects of treatment upon yield and interre-

lationship of grass and legume components will be considered.

Yields of grass and legurne components of mixtures in 1961 and

L962, as affected by seeding year establishnent practice in 1960, are

presented in Tables 10 and 1I. YieLds of both grass and legume com-

ponenta were markedly deereased at the first harvest in 1961 as a

result of previous companion crop treatment (Table 10).

At the second harvest, yields of components were not affected by

previous companion crop treatment on plots previously cut as pasture.

On those plots previously cut as grain, yields of legume componentg

were adversely affected by previous companion erop treatment. Lower

yields of legume were accompanied by slightly increased yields of

grass. This compensating effect was more pronounced at the third har-

vest in 1961.

During aIl of 196I, grass yields were not particularly favored

by association with one legume more than another. It would thus ap-

pear that in the first production year competitive effects of legumes

with grass are not apparent until late season and that benefits of

legumes with respect to nitrogen release were negligible.

At the first harvest in 1962 (tabte 11) yields of the legume eom-

ponent were least on plots previously established with barley grown
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Table 10. Yield of grass and legume components of birdsfoot trefoil-
grass and alfalfa-grass mixtures at three harvests in
1961 as affected by seeding year treatments in 1960 and
by assoeiated species.

Harvest date,
mixture and
yield component

1960 S""

No com- Barley Barley No com- Barley Bar1ey
panion in 18- in 6- panion in 18- in 6-
crop inch inch erop inch inch

rows rows rows rowa
T./4. T./4. T./4. T./A. T./A. T./A.

June 15,1961
Birdsfoot trefoil-grass

Legume
Grass

TotaI
A1f alf a-grass

Legume
Grass

Total

July 18, 1961
Birdsfoot trefoil-grass

Legume
Grass

TotaI
AI fa I fa-gra s s

Legume
Grass

TotaI

September 6, 1961
Birdsfoot trefo il-grass

Legume
Grass

Total
A1 falfa_gras s

tegume
Grass

TotaI

.44 .42
1.27 1.14
1 .71 1 .56

1.08 1 . 15
1 .05 .93
2. L3 2 .06

.47

.31

.78

.92

.28
L.20

.42

.58

.80

.98

.27
L.25

.k8

.37

.85

1.17
.39

1 .56

.32

.45

.77

1. r9
.34

1.53

.23 .42

.84 1.59
L .07 I .81

.92 1.15

.78 L.29
I .70 2.42

.40

.30

.70

.90

.31
t.2t

.64

.25

.89

1 .08
.32

I .40

.38

.43

.81

L.26
.36

t.62

.50

.4t

.9I

t.42
.34

L.76

.t7

.81

.98

.85

.85
I .70

.fI

.27

.58

.83

.41
t.24

.44

.47

.91

L.28
.40

1 .68

.06

.77

.85

.44

.88
t -32

.t7

.36

.53

.62

.38
1 .00

.28

.65

.93

.97

.57
t.54

* No companion crop treatments cut at the same time as grain harvest.
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Yields of grass and legume components of, birdsfoot trefoil-
grass and alfalfa-grass mixtures at three harvegts in
1962 as affected by seetil ing year treatments in 1960 and
by associated species.

Ilarvest date,
mixture and
yield component

1

Cut as pasture Cut as Erain*
No com- Barley Barley No com- Barley Barley
panion in 18- in 6- panion in 18- in 5-
crop inch inch crop inch ineh

rowg rows rowE rows
T./4. T./4. T./A. T./A. T./A. T./A.

June 15, L962
Birdsfoot trefoil-grass

tegume
Grass

Total
Alfalfa_grass

Legume
Grass

Total

July 17, 1962
Birdsfoot trefoil-grass

Legume
Grass

Total
Al fal fa-grass

Legume
Grass

TotaI

August 28, L962
Birdsfoot trefoil-grass

Legume
Grass

Total
Alfalfa_grass

Legume
Grass

Total

.36 .26

.83 .99
1.19 t.25

1.51 I .40
.31 .39

1.62 L.79

.15 .t2

.21 ,22
,36 .34

.46 .49

.51 .48

.97 .97

.22 .22

.24 .2L

..46 .43

.76 .7L

.27 .50
1.05 1.01

.43 .64

.88 .7 5
1.51 1.59

L.44 t.44
.44 .57

1 .88 I.81

.L2 .24

.20 .t4

.32 .58

.44 .52

.44 .52

.88 1.04

.20 .33

.20 .20

.40 .53

.66 .7 3

.28 .33

.94 1 .06

.34 .42
I .09 t.27
1.43 1 .69

1 .41 1 .09
.32 .62

1.73 t.7l

.48 .39

.48 .44

.96 .85

.25 . 16

. 16 .L7

.41 .33

.67 .59

.29 .32

.96 .91

.L2 .06

.20 .19

.32 .25

* No companion croP treatments cut at the same time as grain harvest.
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!o maturity. The decreased legume yields, however, were offset by

increased grass yields. Grass grown in association with birdsfoot

trefoil yielded twice as much as that grown with a1falfa. The in-

erease in growth seems to be direetly related to the amount of compe-

tition as manifested by the yield of legume associate. During the

spring growth period there was evidently no benefit to grass from the

aespciated legume.

At subsequent harvests in 1952 there is less evidence of a com-

pensating effect in yields of mixture components. Yields of the 1eg-

ume component continued to be adversely affected by the barley crop

grown to maturity in 1960. Decreased yields of legume, however, did

not seem to be accompanied by increased yields of grass. The reason

for this may be that in the latter part of the season nodule-nitrogen

is being released to the grass. This beneficial effect should be in

proportion to the amount of legume. Further evidence of this effect

is apparent in that yields of grass grown with alfalfa at the latter

harvests were almost twice those grolrn with birdsfoot trefoil. This

was true even though competition in terms of legume yield should have

been much greater in alfalfa-grass plots.

Yields of grass and legume components of mixtures in 1962, as

affected by companion crop treatments in 1961, are presented in Ta-

ble 12. As in the 1960 seedings, the barley companion crop reduced

legume yields in the year after seeding, particularly when legumes

had been seeded with barley grown to maturity. Yields of grass were

reduced by previous companion crop treatment at the first harvest but

showed little effect of previous treatment at the second harvest.
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Tab1e 12. Yields of grass and legume components of birdsfoot trefoil-
grass and alfalfa-grass mixtures at three harvests in
1962 as affected by see,ding year treatments in 1961 and
by associated species.

Harvest date,
mixture and
yield component

1961 Seeding year treatnents
Cut as pasture Cut as_gIgjg_-

no@N@
panion in 18- in 6- panion in 18- in 6-
crop inch inch crop inch ineh

rows rows rosrs rows

June 20, 1962
Birdsfoot trefoil-grass

Legume
Grass

Total
Alfalfa-grass

Legume
Grass

TotaI

August 5, 1962
Birdsfoot trefoil-grass

Legume
Grass

TotaI
AIfaIfa-grass

Legume
Grass

TotaI

.37

.98
t,35

1.18
.58

L.76

.42

.23

.65

.83

.28
1.11

.58

.62
I .00

t.10
.52

1.62

.37

.22

.59

.96

.28
L.24

.24

.76
1 .00

.98

.61
L .59

.36

.24

.60

.84

.29
1.13

.28
1.16
1.44

L.25
.86

2.Ll

.45

.26

.7L

.96

.28
t.24

.35

.27

.62

.82

.26
I .08

.22

.34

.56

.60

.31

.9r

.23 .20

.84 .56
t.o7 .76

.93 .7L

.63 .54
I.56 L.25

* No companion crop treatments cut at the same time as grain harvest.
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DISCUSSION

In considering the data presented, results will be discussed in

terms of objectives set forth in Aim and Scope. The loss of seed-

lings whieh occurred in thie experiment was.similar to those reported

by other investigators (21, p, 627-630) (+0, p. 442-444). Data from

this experiment, however, delineated the period of seedling loss to

within a few weeks after emergence. Since stand losses were not af-

fected by fertilizer treatments and since moisture was not limiting

during thie period, it may be assumed that barley was not competing

for nutrients or moisture

The adverse effects of a companion crop during this period would

thus seem to be due to its influence on soil temperature and light in-

tensity. Barley grows very rapidly in comparison to legume seedlings.

Cooper and Ferguson (8, In press) have reported barley to be 10 inches

high when legume seedlings were less than 2 inches high. Three weeks

later barley had attained a height of 29 inches. From their data it

is apparent that light intensity and tempereture in the micro-envi-

ronment is modified very early in the establishment period. Reduced

light intensity under barley was recorded five weeks after seeding in

this experiment and soil temperatures have been shom to be 3 to 8oF.

less under a barley companion crop (8, In press).

Although the data presented show that barley excluded a large

proportion of light, seedlings received 257o or more of the incident

light each day. At noon varues ranged from 60 to 7o%. under Montana
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conditions, light intensity may vary from 5r000 f.c. in early morning

to more than 101000 f.c. at high noon. With these values in mind,

seedlings should have received 11000 f.c. or more of light during most

of each day, which should have been adequate for growth. Nevertheless,

since plots were irrigated frequently and species did not respond to

fertilization, all growth data point to light as a limiting faetor.

During the cool springs of the Intermountain Region, temperature

differences could be of particular importance. The warmer daytime

temperature of the micro-environment of seedl ings grown without a

companion crop might favor photosynthesis. Likewise, cooler night

temperatures should reduce respiration (57, p. 93-95). The relation-

ship of these two factors might in turn affect the light compensation

points of seedlings.

Following the first period of seedling loss, additional losses

did not occur during the first year. Growth of surviving seedlings,

however, was retarded and the degree of inhibition was not affected

by fertilizer treatment or moisture. Growth retardation aPPeared to

be mainly a result of reduced Iight intensity since nodification of

competition intensity by periodic clipping increased seedling growth.

Clipping, however, appeared to be more detrimental to the growth of

seedlings than the competition provided by unclipped redroot pigweed

and pigeon grass.

Yields of legumes in years subsequent to seeding were redueed

es a result of growth retardation during the establishment years.

This effect was more pronounced and of longer duration when barley had

been allowed to mature than when it was elipped frequently. Reduced



52

yields of legumes were, in some caseg, offset by increased yierds of

grasg. The compensating effect of grass and legume yierd has also

been noted in grass-legume mixtures by Roberts and olson (44, p. 695,

701).

Reductions in stands of legume in the seedling year persisted

for the duration of the experiment and resulted in decreased forage

prodr-lction. Since both legumes were non-rhizomatous species, initial

stand reductions may be expected to persist for the life of the stand.

Yield reduetions due to decreased stands have also been reported for

red clover seeded with a companion crop (40, p. 442-444) (6, p. Sg5).

Klebesadel and Smith, (21, p. 627-650), however, reported that re-

duced stands of alfalfa did not reeult in reduced yields. rt wourd

seem that the question of yield reductions from thinner stands is

dependent upon whether or not stands hrere reduced below the density

needed for optimum production. slight reductions in stands may be

compensated for by larger, more productive plants.

Grass growth was least in early season and most in late season

when gror.rn with alfalfa. The effeets of legumes on grass are not too

c1ear. Alfarfa shourd be more competitive than birdsfoot trefoir

throughout the season. rt began growth earrier and recovered more

rapidly after cripping in this experiment. rt is a taller-growing

speeies and was much more productive than birdsfoot trefoil. The

better spring growth of grass with birdsfoot trefoil would appear to

be due to less competition. rn late summer, however, this was not

the case. The better grass production with alfalfa in rate season

might be due to greater nitrogen releage by this speeies, or perhaps
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some shading in the hot days of mid-summer is advantageous to grass

growLh.

From the results presented, a number of areas of additional in-

vestigation could be selected. Since light and soil temperature

appeared to be plausible causes influencing seedling growth, separate

studies were initiated to investigate these factors.
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SOII" TEMPERATURE STUDIES.-TIIE INFLUENCE OF SOIL TEMPERATURE ATiID

PHOSPIIORUS IEVE]. UPON GROIITH CORRETATIONS IN BIRDSFOOT TREFOIL
A}ID ALFA].FA AI.ID UPON PHOSPIIORUS AI\ID NITROGEN UPTAKE

EXPERIMENTAL PROCEDURE

The experiment wag condueted in two phases. In phase one Tana

birdsfoot trefoil and Ranger alfalfa were each grown in the green-

house under three soil temperetures and three phosphorus fertility

levels. Soil temperatures were 12, 18 and 24oC. and phosphorus leve1s

were 15.5, 26.6 and 40 pounds of P per aere. As only three temper-

ature tanks were available, temperature levels were not replicated.

Within each temperature level legume and phosphorus treatments were

factorialized in a completely random design of two replicates. The

design permitted the analysis of varianee as follows:

Source of variance

Temperature leveI (T)
tegumes (L)
Phosphorus leve1s (P)
PxT
PxL

. TxL
TxLxP
Experimental error

Total

Preparation of Soil

Soil of the Hazelair series, obtained from the Camp Adair exper-

imental aree near Corvallis, Oregon, was used in the experiment.

I{azelair soils occur at elevations of 200 to 500 feet in a climate

having mean annual precipitation of 40 inches with dry, cool summers

DF

2
1

2
4
2
2
4

18

35
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and cool, wet winters, an average ninimum temperature of 41oF., an

average maximum temperature of 630 F., and an average frost-free per-

iod of 200 days. Hazelair soils are mapped in foothill regions of

Central Willamette VaIley and are used principally for cereal grains

and pasture. They are dark brown to dsx'k grayish-ibrown in color.

Throughout the profile the surface soil is silt loam to a depth of

1.4 inchea, Bilty clay loam to a depth of 28 inehes, and clay from 28

to 56 inehes. The soil is underlain at 58 inches with hard fractured,

horizontally bedded, fine-grained sandetone.

Soil used in the experiment was taken from the surface 6 inches.

The soil, as taken from the field, had a pH of 5.2 and an organic

content of 3.857o. Phosphorue and boron contents were 5 and 0.56 ppm.

and K, C8, and Mg contents were 0.86, 5.8, and 5.2 me., respectively.

The soil was limed to pH 6.5 by adding 250 pounds of lime per acre

and incubating for a period of six weeks. Following incubation, the

soil was divided into three Iots, mixed with an equal quantity of

sand, and fertilized with treble-super phosphate at the prescribed

rates.

Pots used in the experiment were made by removing the bottoms

from two Number 10 cans and soldering the two cans to a third. Each

pot was 7 inches in diameter and 21 inches deep. Each pot was fi11ed

with an equal weight of soil to within 1! inches of the top. Seed of

the appropriate species was seeded at the rate of 10 seeds per pot.

Following seeding, pots were placed on a greenhouse bench for a period

of two weeks to aIlow germination and emergence under uniform con-

ditions. During this period pots were watered daily. At the end of
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the two-week period, seedlings were reduced to three per pot and pots

were placed at random in the water baths to which they had been as-

signed. Pots were held in position by a board cover in which holes

had been cut to insert each pot. In order to minimize the influence

of soil and water bath temperatures upon air temperatures, one inch

of vermiculite was applied to the soil surfaee of each pot. In ad-

dition, a piece of plastic was fitted around eaeh pot to cover the

space between the pot and the edge of the hole in which it was in-

eerted.

During the course of the experiment soil moisture was maintained

near field capacity. Pots were weighed periodieally and water added

to bring each pot to a weight corresponding to that representing the

soil at field capacity.

Air tenperature was maintained at approximately 70oF. during

the experimental period.

Natural lighting was supplemented by two XHO fluoreseent tubes

and two 40 watt incandescent bulbs suspended over each temperature

tank at a height of 27 inches. Length of photoperiod was 16 hours

during the experimental period. PIants received natural daylight

plus 400 f.c. during the natural daylight period and 400 f.c. only

during the extension photoperiod which corresponded to that time be-

fore sunrise and after sunset.

Date Colleetion

Yield - FoIlowing a growth period of 90 days, determined by

plants were harvested,beginning bloom of alfalfa, tops of aII
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seperated into stem and leaf eomponents, dried, and weighed. Roots

were weshed free of soil, dried, and weighed. The leaf and stem com-

ponents fron each pot were then conbined and the tops and roots each

ground for chemical analyses.

teaf Area - From each sample of leaves, a subsample of 20 leaves

was taken. The subsample was placed on li.ght sensitive paper in a

darkroom and exposed to light for 10 seeonds. The green leaf sample

was then dri.ed and weighed. The light sensitive paper was developedt

dried, and leaf outlines eut out and weighed. From the weight of

paper leaf outlines and the weight of a given area of paper, the Leaf

area per sample was ealeulated. The cm.2 of Leaf area per gram of

oven dry leaf subsample was then eomputed and this faetor ln turn

multiplled by the total oven dry weight of leaves per.pot.

Chemical analyses - Shoot and root samples were anelysed for N

and P eontent. Nitrogen content was determined by the Kjeldahl method.

Phosphorus was determined colorimetricalLy by the method of Koenig

and Johnson (22, p. 155-156).

Data Analyses - Yields of roots and tops, root-shoot ratios,

leaf area and area-weight relationships were anaJ.ysed by the analysis

of variance.

The second phase of the experiment evaluated the infLuence of

two temperature leve1s (12 and 24oC.) and three phosphorus levels

(15.5, 26.6 and 40 pounds P per acre) upon root growth as measured by

weekly root traelngs. Tana birdsfoot trefoil and Ranger alfalfa were

eaeh grom in soil placed between two glass plates whieh were inellned

at en angle. These plates were fitted into grooves of a specially
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conatructed box which excluded light. One sidB of the box was readily

removable to permit observation and tracing of root growth.

At weekly intervals a sheet of plastic was placed over the ex-

posed glass plate and the visible root area traced with a wax pencil.

The color of the peneil was changed eaeh week to permit delineation

of weekly growth increments.

Due to space Iimitations, it was not possible to replicate treat-

ments in phase two. Each set of six boxes, rePresenting treatments

of each legume at each of three P levels, was placed in a specially

constructed tank, which, in turn, was placed within its assigned tem-

perature bath.

The soil used in phase two and its preparBtion was the same as

that in phase one. Likewise, all management procedures, such as seed-

ing and maintenance of light and irrigation regimes, were similar to

those in phase one.

RESULTS

Yields of Roots and Tops, and Root-Top Ratios

Root growth of both species increased with increasing soil tem-

perature (Table 15). The percentage increase in growth was greatest

between 12 and 18oC. At each soil temperature the growth of alfalfa

roots was approximately double that of birdsfoot trefoil.

Top growth of alfalfa increased to about the same degree as roots

with increasing temperature (Tab1e I3). In contrast, top growth of

birdsfoot trefoil was markedly stimulated with increasing soil



59

Table 15. The influenee of soil temperature upon root growth, top
growth, and root-top ratios of birdsfoot trefoiL and
aI fa1 fa.

SoiL -tenperature
1 20C. 180C. 240C.

Roots Tops Root- Roots Top Root- Roots Tops Root-
Speeies top top top

ratio ratio ratio

$. $. 8. g. $. $.

B irdsfoot
trefoiL .64 .50 1.27 !.25 2.60 .48 1.43 3.65 .39

Alfalfa 1.15 .92 1.27 2.38 2.35 1.10 3.28 2.84 1.16

L.S.D.'s for comparing differences among speeies at one level of
temperature or atrong temperatures at one level of speeies:

Root gro$rth 2.24

Top growth .51

Root-top ratios .29
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temperature LeveLs. Top growEh of birdsfoot trefoil increased from

.50 grams at 12oC. to 5.65 graus at 24oC., whieh represented a seven-

fold inerease, In contrast alfalfa tops inereased from .92 grams at

12oc. to 2.84 grams at 24oC., which represented only a three-fold in-

crease. At a soil temperature of 12oC., alfalfa prodtrced a greater

yleld of tops than birdsfoot trefoil. At the higher temperatures,

however, top yields of birdsfoot trefoil lrere greater than those of

alfaLfa.

Root-top ratios (root weight,/top weight) of both species declined

with increasing soil temperatures. The root-top ratio of birdsfoot

trefoil decreased more markedly than that of alfalfar due to greater

stinulation of top than of root growth. At 12oC. root-toP ratios of

both species were equal. At higher temperatures the ratio of roots

to tops was much lower for birdsfoot trefoil than for alfalfa.

Top growth of either species was not significantly affeeted by

phosphorus 1evel. Root growth of both species responded to phosphorus

in a similar manner and lras greater at 26.6 and 40 than at 13.3

pounds of P per aere (Table 14I Phosphorus was of more importance

at Low than at high temperatures, whieh is in agreement with other

work (28, p. 109-115). The temperature by phosphorus interaction,

however, was not significant. Root-top ratios were .79, 1.05 and .96

at phosphorus levels of L3.3t 26.6 and 40 pounds of P per acf,e1 r€-

spectively.

Leaf AreaJcrowth@.

Since leaf area and weight measurements were made only at the end



Table 14. Average root yields of birdsfoot
influenced by phosphorus at three

6L

trefoil and alfelfa as
soil temperature levels.

Pounds ?
Per acre

Soil temperature
Ave.

13,3

26.6

40.0

Avg.

8.

.55

.88

1.26

.90

$.

1.41

2.16

t.87

1.81

B.

2.24

2.55

2.28

2.56

g.

1 .40

r.86

1 .80
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gf the experinent, calculations of net assimilation rates were not

possible. The relationship of grams of dry matter to Leaf erea, how-

ever, does furnish an estimate of net assimilation and is presented

in Table 15. Alfalfa produeed a greater amount of dry weight per etr.2

of J.eaf area than birdsfoot trefoil at all temperatures. The asslmi-

latlon efficiency of both speeies declined with lncreasing temperatu re.

In eonsidering theae data, sevcral faetors should be teken into

aceount. Birdsfoot trefoll in all treetments flowered several weekg

earlier than alfa1fa and both speeieg flowered earlier with inereas-

ing temperature. The shift from vegetative to reproductive growth

may have resulted in reduced assimilation efficiency. If this were

the case, it would aceount for the difference in assimilation effi-

ciency between species and among temperatures. The reduction in as-

similation efficiency with increasing temperature may be due, in part,

to self-shading of the larger plants obtained with higher soil tem-

peratures. SeIf-shading could be of partieular importanci: under the

low winter Light intensities of western Oregon,

Influence of Treatments Upon the P and N Content of Legumes

In order to obtain samples of adequate size for chemical anal-

yses, herbage from both replications was eomPosited. The limited

number of samples precluded the use of statistical analyses and the

interpretation of the phosphorus by temperature interaction.

The influence of temperature upon P and N content of herbage,

averaged across all phosphorus leve1s, is shown in Table 16. Phos-

phorus content of tops of both species was highest at z4oc. There
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TabIe 15. Assimilation efficiency of birdsfoot trefoil and alfalfa
gro$rn under three soil temperature levels.

SoiI temperature
Spec ies Ave.

I 2OC. 180C. 24oc.

mg. dry wt.,/cm.2 leaf area*

B irdsfoot
trefo i1

Alfalfa

Ave.

20.4

26.3

23 -3

t3.2

20. I

16-6

12.8

20.8

16.8

1.5.5

22.4

* One side of leaf onIy.



Table 16. The lnfluence of
of tops and roots

soil temperature upon
of birdsfoot trefoil
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thePandNcontent
and alfa1fa.*

Species

Portion of plant analvsed and soil temDerature

Tops Roots

1 2oc. I 8OC. 240C. 120C. 180C. 240C.

% phosphorus

Birdsfoot trefoil

Alfalfa

Ave.

Birdsfoot trefoil

AlfaLfa

Ave.

.tr1

.13

.t2

.11

.11

.1L

.15

.15

.16

.11

.L2

-L2

.15

.12

.12

.15

.08

.10

% nitrogen

3.4

3.2

3.3

2.8

2.7

2.8

5.4

3.8

3.6

2.2

2.2

2.2

2.2

2.3

2.2

2.4

2.3

2.4

* Each value is the average of samples grown under three phosphorus
fertilization rates.
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appeared to be little difference Ln phosphorue content at 12 and 18oC.

phosphorus content of roots of blrdefoot trefoil inereased with ln-

creaaing temperature, whlle that of alfalfa was eimilar at 12 and 18oC.

and appeared to decline et 24oC. The low value at the latter temPer-

ature, however, may be a result of erperimental error due to the snell

number of samples.

Nitrogen eontent of tops of both species was greater et 12 and

24oC. than at 18oC. (Table L6). The reason for the Lower values at

18oC. is not knolfii. The results, however, agree with those of Parks

and Fisher (38, p. 257-259) who found the pereentage of N in ryegrass

to be lower when grorm at a soil temperature of 2OoC. than at 10 or

5OoC. Nitrogen content of roots did not apPear to be influenced

greatJ.y by soil temperature.

Phosphorus fertilizer inereased the P content of tops of both

speeies slightly (Table 1Z). Phosphorus content of roots did not

show a eonsistent trend with respect to ? fertilizer effects. Nitro-

gen content of tops did not appear to be affected by P applicationst

while that of roots was least at the higher P applieation ratea.

Phosphorus and nitrogen uptake per plant of alfalfa and birds-

foot trefoil increaeed with inereasing soil temperaturee (Table 18).

Phoaphorus uptake by alfalfa was nearly twice that of birdsfoot tre-

foiL when species were grown in soil maintained at L2oC. At 18oC. P

uptake was slightLy greater by alfalfa and at 24oC. slightly greater

by birdsfoot trefoil. The latter effeet may be a result of the un-

usualLy low phosphorus content obtained for alfalfa grown in a soil

at 24oc. (TabLe 16).
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lnfluence of P fertilization upon the P

dry weight baeie, of birdsfoot trefoil
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and N eontentt
and elfalfa.*

Spec ies
Portion of plant analysed and pounds P applied

Tops Roots

t3.3 26.6 40.0 L3.3 26 .6 40.0

% phosphorus

Birdsfoot trefoil

Alfalfa

Ave.

Birdsfoot trefoil

A1fal fa

Ave.

.rl

.L2

.L2

.15

.L4

.14

.14

.10

.12

.11

.10

.10

.14

.12

.r3

.14

.14

.14

% nitrogen

3.2

3.2

3.2

3.2

3.3

3.2

5.1

3.3

3.2

2.5

2.5

2.5

2.L

2.2

2.2

2.1

2.1

2.1

* Eaeh value is the average of samples grown under three soil
temperature levels t 12, L8 and 24oC.



Table 18. Average phosphorue and nitrogen uptake per
foot trefoil and alfalfa grohrn under three
temperatures.
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plant of birds-
soil

ALfaI fa Birdsfoot trefoil
24oc r2oc. IBoc. 24oc.

mg. P per plant

Portion of
plant analysed

Tops

Roots

Total

Tops

Roots

TotaI

120C. lBoc.

.40

.46

.86

.86

.95

1 .91

.r8

.26

.44

plant

I .51

.87

2.39

tr9. N per

.95 1.81

.54 .71

1.49 2.52

g.7g

8.42

19.21

21.11

18;21

39.32

35.93

25.11

6r .04

5.66

4.70

10. 56

24.24 41.09

9.16 LL.42

33.3O 52.5L
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Nitrogen uptake by both speeies also inereased wlth temperature

(Table 18). Since the N eont€nt of herbage was similar, the increaeed

uptake ls a refleetion of the increased yield obtained with increasing

temperaturc. Nitrogen uptake of alfalfa was greater than that of

blrdefoot trefoll at aI1 temperatures as were total yields.

Visual Root Growth

Root growth of alfalfa and birdefoot trefoil with time, as af-

feeted by soil tenpereture and P fertilization, is sholrn in Figures 4

through 11.

Root growth of f.ive'week old alfalfa plants increased narkedly

with increasing tenperature (Figure 4). In contrast, root growth of

five-week old birdsfoot trefoil seedlings appeared to be unaffeeted

by soil tenperatures (Figure 5). Root growth of both speeies, at a

soil temperature of 12oG. appeared to be greatest at the medium rate

of P fertilizer applieation (Flgures 4 and 5).

At seven weeks of age, root growth of both species showed a

marked response to temperature (tr'igures 6 and 7). Growth of alfalfe

rootg rras greater than that of birdsfoot trefoil at both soil temper-

atures. Roots of both species eontinued to show the most favorable

response to the medium rate of P fertilization at I2oC. At seven

weeks roots of birdsfoot trefoil began to exhibit the charaeteristic

brenched tap root in contraet to the single tap root of alfalfa.

At nlne weeks of age, alfalfa roots at L2oC. and birdsfoot tre-

foil at 24oC. had penetrated to the bottom of the observation boxes

(tr'igures 8 and 9). Lateral root gror^rth of both species was more
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Figure 4. Root
temperatures of
15.3, 26.6 and

growth of 5-week o1d alfalfa seedlings at soil
12oC. (upper) and 24oC. (lower). Left to right:

40 pounds P per acre.
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Figure 5. Root grorrth of
soll tenperatures of 12oC.
13.3, 26.6 and 40 pounds P

5-week old birdsfoot trefoil
(upper) and 24oC. (lower).
per acre.

seedlings at
Left to right:
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growth of 7-week old alfalfa seedlings at soil
izoc. (upper) and 24oC. (lower). l,eit to right:

40 pounds P per acre.
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Figure 6. Root
temperatures of
15.3,25.6 and
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Figure 7. Root growth
at soil temperatures of
right: 15.5, 26.6 and

of 7-week old birdsfoot
12oc. (upper) and 24oc.

40 pounds P per aere.

trefoil seedlings
(lower). Left to
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Figure 8. Root growth of 9-week old alfalfa seedlings at soi). temper-
etures of 12oC. (upper) and 24oC" (lower). Left to right: 15.3, 26.6
and 40 pounds P per acre.
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Figure 9. Root gro\^rth of 9-week oId birdsfoot trefoil seedlings at

"oil t"mperatures of 12oC. (upper) and 24oC. (lower), Left to right:
13.3, 26.6 an.d 40 pounds P per acre.
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Figure L0. Root growth of alfalfa at flowering. Soil temperatures
12oC. and 24oC.; age 15 and 12 weeks (upper and lower). Left to
right: 13.3, 26.6 and 40 pounds P per aere.
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Figure 11. Root growth of birdsfoot trefoil wtren alfalfa flowered.
Soil temperatures 12oC. and 24oC.; age 15 and 12 weeks (upper and
lower). Left to rightz 13.3, 26.6 and 40 pounds P per acre.
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profuse at 24 than at 12oC. The better growth of roots at the medlum

p fertilization rate at 12oC. was not as evident as in earlier obser-

vati.ong.

Root growth of both speclea at soil temperatures of 12 and 24oG,

when alfalfa wac flowerlng, fs shown In Figures I0 and 11. Root

growth of alfalfa waa more profuse at the higher tetrPerature. Root

growth of biidefoot trefoll appeared to be similar at both temperalr

ture8. The better growth resPonse of roots, noted earlier, to the

nedium P fertilization rete et a eoll temPerature of 12oC. r lras no

longer evident.

The data from root tracings agreer for the most Partr quite

closely with that obtained from weight measurements. Both sets of

data show a greater growth of alfalfa than of birdsfoot trefoil roots.

at both soil temperatures.

DISCUSS ION

The data presented show thet soil temperature is important to

the growth of seedlings. Thus, it may be assumed that eultural modi-

fieationg which influenee soil temperature may determine, in part,

the aurvival or death of seedlings. Slight modifications in temper-

ature are probably of more importance to seedling growth lnreas with

cool cpringe, sueh as the Intermountain Region, than in more moderate

c 1 imate.

Growth and elongation of alfalfa roots was greater than that of

birdsfoot trefoil at aIl temperatures in this study. Sinilar results
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have been reported by Cooper and Ferguson (8, In press), who found

roots of alfalfa and birdsfoot trefoil had penetrated to depths of

16 and I inches, respeetlvely, in early August when grovm wlth a eom-

panlon crop. Visual obser\ratlon in this e:geriment indieated that

the rate of elongation of alfalfa rootg was very rapid ln comparison

to birdefoot trefoil tturing the inltial growth phase. The rapid

elongation of alfalfa seedling roots should favor its establishment

in that it would be better able to survlve surfaee soil drying.

The different response of aLfalfa and birdsfoot trefoil to soil

temperature, with respect to root-shoot ratios, is of interest. In

alfalfa the distribution of dry matter into roote and shoots was not

influenced materially by temPerature. With birdsfoot trefoilr how-

ever, a greater proportion of synthate went into tops at higher tem-

peratures than into roots. Some insight into these resPonse differ6.

ences nay be obtained from the data of Smith (49, p. 75'79). lle

found that carbohydrate storage patterns of alfalfa and birdsfoot

trefoil varled with cutting treatment and states, "Birdsfoot trefoil,

after the initiaL vegetative expansion of early spring, apparently is

dependent for growth primarily on earbohydrates synthesized by the

existing top rather than on root reserves." Alfalfar on the other

hand, relies more on stored root reserves for new growth. From Smithb

data lt uight be inferred that earbohydrate storage in birdsfoot tre-

foil oecurs more in the crowns and basal stems than in the roots. If

this inference is true, it explains, in part, the differences obtain-

ed between root-shoot ratios of epecies. The reasons for the oceur-

rence of differences at high but not low soil temperatures is not daz
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On the basis of dry matter produced p"t "*.2 of leaf arear birds-

foot trefoil was Less efficient than alfalfa in dry matter produetion

at all soil temperature levels. Since Leaf area and dry matter were

neasured only at the end of the experiment, calculations of leaf area

expansion and net assimilation rates are of questionable validity.

Addltional studies need to be made of growth analysis attributes of

these two species, with periodie measurenents made over a period of

tine.

Phosphorus applications to the Low phosphorus Hazelair soils

resulted in better root growth of both species, particularly at low

temperatures. These results agree with other reports of the benefits

of phosphorus to plants grown under low soil temPeratures (1 r P. 325-

332) (28, p. 109-115). Phosphorus was not shorm to be limiting in

the field studies reported, but should be considered with respect tD

low soil temperatures on P deficient soils.
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LIGIIT STUDY*REPOMiE OF T![O-r FOUR-r AI{D SIX-!fEEK OID SEEDTINGS OF

BIRDSFOOT TREFOI1 AND AT.FATTA TO DIFFERENT LEVELS

OF LOhI LIGIIT INTENS ITY

EXPERIMENTAL PROCEDURE

The experim€nt was initleted to determine if differences ln

light eompensation points exist between species and if light comPen-

sation pointe vary with age of seedling. At two-week intervals, for

a period of six weeks, Tana birdsfoot trefoil and Vernal alfalfa were

eaeh seeded into 40 "jiffy pots" QL, Ay 2| inch pots of peat moss

conpositlon) filLed with plaeter grade vermiculite. Pots were then

plaeed into flats also filled with vermieulite. Followlng seedingt

pots we4e placed in a growth chauber maintained at a day temperature

of 75oF. and night temperature of 55oF. Length of photoperiod was

16 hours with a light intensity of 800 f.c. at bench IeveI. At €Ber-

gence plants of each species were thinned to five per pot. ,Pots were

watered twice weekly from seedling emergence until the end of the ex-

perinent with a conplete nutrient solution of the following eomposition3

Salt or acid
ca(No3)2.4 H2o

MgS04.7 H2O

Ca(IIZPOa) 2.H2O

MnCI2.H20

CuCl2.2 II2O

ZnCl2 O5%)

H5BO4

ppm. element in nutrient solution
Ca --- 200
N --- 140

Mg --- 49
s --- 64

Ca --- 15
P20
Mn --- 0.5

Cu --- 0.02

Zn --- 0.05

B 0.05

Betlreen nutrient solution applications, pots received tap water a wel1.
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At the end of six weeks, 40 pots of 2-' /r-' and 6-week oId seed-

Lings of eaeh species were availabLe for treatpent. Each set of 40

pot6 was divided into 5 groups of 8 pots eaeh. The five pots contain-

ing the tallest plants were assigned first - one to eaeh group. Sub-

sequent allocation to groups was on the basis of height until all pots

were assigned. Height differemees were estinated visualJ.y. One of

each of four groups of eaeh speci.es was assigned to one of folrr light

intensity treatments (200, /$00r 500 and 800 f.c.) where they were

grown fon a 15-day period. Li.ght i:ttensity was reguLated by cheese

eloth shades of different numbers of )-ayers. Tops of plants of the

fifth group were harvested and separated i-nto stem and leaf conponents

which were oven dried and r^reighed. Roots were washed free of vermic-

ulite, dried and weighed.

At the end of the 15-day light intensity treatments, all pIants

$rere separated into root, stem and leaf components and leaf area de-

termined as previously described. GrowLh of plants was based upon

weight of treated plants at the end of light treatment minus the

weights of the plants sampled at the beginning of the light treatment.

RESI]I.TS

Seedlings of both species inereased in weight at aLL )-ight in-

tensities (Tab}e 19). The distributi.on of the dry matter inerease

into roots, stems and leaves vari.ed wi-th i.ight i-ntemsity and age of

seedlings. With decreasing light intensity, the pereentage of accu-

nulated dry matter in roots deefeased markedly (figures L2 and 15).

The decrease was most pronouneed for two-week o1d seedtrings grown with
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Table 19: Weight increase of atems, roots and leaves of different
age seedlings of birdsfoot trefoil and alfalfa when ex-
posed to four levels of low light intensity for a 15-day
period.

pecles a nitra
age of seedling

tens it In f,. c.

tr8. m8. trg.
Roots

trB.

Birdsfoot trefoil
2 weeks
4 weeks
6 weeks

Alfalfa
2 weeks
4 rveeks
6 weeks

Birdsfoot trefoil
2 weeks
4 weeks
6 weeks

Alfalfa
2 weeks
4 weeks
6 weeks

Birdsfoot trefoil
2 weeks
4 weeks
6 weeks

AlfaIfa
2 weeks
4 weeks
6 weeks

Birdsfoot trefoil
2 weeks
4 weeks
6 weeks

Al fal fa
2 weeks
4 weeks
6 weeks

.5
3.9
8.2

3.5
9.3
2.1

2.4
r1.7
63.5

9.4
26.1

161.5
S tems

10.0
32.9

106.1

19.6
41.0

240.8

12.0
20.7
85.5

27.1
45.3

210.2

11.6
25.4
82.6

20.4
33.O
72.6

20.4
67.8

205.7

34.5
109. 9
229.3

Leaves

23.6
42.7

180.4

5L.4
95.2

223.2

23.0
79.5

L42.5

37.5
LO7.9
L62.4

LL.7
16.0
66.5

11.6
14.0
26.8

20.1
49.4

L45.5

24.0
61.5

129.6
TotaI

27.O
41.8

I53.3

57.L
7 5.6

L95.2

25.9
64.9

176.1

38.6
72.2

151. 5

23.8
45.3

157 .3

28.5
56.3

101 ,5

42.9
t27 .9
4L4.7

67.9
L97.5
520.2

60. 6

LL7 .4
439.8

128. L

211.8
659.2

60. 9
t64.9
404.1

1o3.2
225.4
524.L
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a light intensity of 200 f.c. Of the total dry matter increase of tso-

week old birdsfoot trefoil seedlings, or:.ly 27o accumulated in roots.

Two-week old seedlings of alfalfa actually lost weight.

The percentage of dry matter i.ncrease going into stems increased

with decreasing light intenslty for seedlings of both species and all

age groups (Figures 12 and I5). The greater proportion of synthate

diverted to stens may be assumed to have been used primarily for stem

elongatlon, sinee stems of plants at Low light intensities showed the

most elongation at the end of the experiment.

The pereentege of aceumulated dry natter going into leaves did

not appear to be affected by age of geedling or by light intensity.

The data presented in Figures 12 and 15 show that with deereasing

light intensity, aecumulated dry matter is used by a plant primarily

for stem elongation. The diversion of dry matter to stens is at ttle

expense of the roots, The low dry uatter accumulation, or Lack of

dry natter accunulation, of two-week old seedling roots in!,toduces a

ne$r concept of light compensation points. In general, light comPen-

sation points of plants have been conEidered with respect to the whole

plant. In this experiment, however, 200 f.c. might be considered to

be the light compensation point of roots, but not of stems or leaves.

DISCIJSS ION

The classic eoncept of the term light conpensation point envi-

sions a light intensity at whlch aecumulation of substrate by photo-

synthesls equals that whleh is belng resplred. Thus, plants eould not

i.ncrease in welght, although aome growth eould oeeur through utilizlng
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stored substrate. In the experiment reported, both speeies continued

to increase ln weight at light intensities as low as 200 f.e. There-

fore, the light compensation point of the plants as a whole was less

than this value with the tetrperature regime used. At 1ow light in-

tensities, however, there was a shift in distribution of accumulated

dry natter, with stem growth oceuring a t the expense of root growth.

The trend was similar for both species. In the ease of two-week old

seedllngs grorrn at 200 f.e., roots had a bror^rnish, unhealthy appear-

ance. If the treatment had been prolonged, death of these seedlings

would probably have oceurred.

From the data reported it would seem that while the light con-

pensation point may define the inteneity at whieh respiratlon equals

photosynthesis, lt does not define the point at whieh death of the

seedling may occur. The dry matter aeeumulation of shoots at the ex-

pense of roote indicates that roots ere more affected by Low light

intensity. While the immediate death of the plant may not oceur as a

result of root growth cessation, the plant would certainly have less

ability to withstand adverse conditions such as drought in the surface

soil s.

Root dry Batter accumulation of the youngest seedlings was most

adverseLy affected by low light int,ansity. In this respect the data

support that of tin (25, l-24), who reported a loss in dry matter of

roots of trefoil seedlings shaded for a period of nine days following

emergenee. From these studies lt may be coneluded that Iow light in-

tensity Is more adverse to younger seedlings, which i-s in agreement

with the early Loss of seedlings in the field. Under actual field
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eonditions, however, lt is questionable whether or not light inten-

eltiee during the very early establishment period would ever be as

low ag thoae teeted in the growth chamber. In the field studies lt

waa ahown that seedlings established under barley received from 25%

of the lncident llght in early morning to slightly over 50% at noon

at the earliest sanpllng date, Ilnder the high light intensiti€s En-

countered in Montana, this amount should provide more than 11000 f.c.

most of the day, which exceeds the tr ight intensities used in the

growth chamber. Light inten.si.ty measurements in the field, howeverl,

are not as exaeting as those under controlled conditions. With the

E€asurenent apparatua ueed, readLngs could only be taken between rowe

of barley. IntengitLes would be expeeted to be lower adjacent to,

or withln, a row. Furthermore, light conditions are constantly chang-

ing within a eotrpanion crop. A seedling may be in bright sunlight

for a short period and subsequently in deep shade, depending upon the

position of the sun. Effeets of changing light intensities through-

out the day have not been investigated.

The interrelationship of temperature and low light intensity on

seedling growEh was not studied. Investigations should be made of

this relationship, since light eompensation points are known to vary

with tenperature (37, p. 93-95).
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RESPIRATION STUDY--COMPARATI\IE OTYGEN UFTAKE OF GERMINATING AI,FALFA
AND BIRDSFOOT TREFOIL SEEDLINGS

EXPERIMEMAL PROCEDURE

Seeds of alfalfa and birdsfoot trefoil were placed on filter

paper in covered petri dishes to whieh five ml. of water had been

added. Seeds were then placed in a gerninator held at a temperature

of 5OoC. At l2-hour intervals two seed trots of 100 seeds each (swol-

len or germinating seeds only) of each speaies were removed. These

lots were plaeed in I{arburg respirorneter flasks with one ml. HrO.

Two mL. of 10% KoH were added to the center well' Flasks were then

placed in a temperature bath at 3OoC. and gas exchange measured.

CalcuLations of oxygen uptake were based on standard manometric tech-

niques (50, p. 1-6). Uptake lras exPressed on the basis of ul . O2/1v./

mg. dry weight.

RESULTS

Oxygen uptake of seeds of alfalfa and birdsfoot trefoil during

geruination ;i s presented in Table 20. Values are not included for

t}ne 60-72 hour period, since deviations from lineari-ty of the 02 ac-

cusuLation curves cast doubt upon their reliability. Deviati.ons from

Iinearity for this period may have been dr.re to insr.lfficient KoIt to

absorb the CO, given off by the larger seedlings. Oxygen uptake was

not consistently greater for one species than another. During the

first two periods uptake was similar for both species. At the third

period O2 uptake was greater for alfalfar but the reverse was true
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Table 20. Average* uI. O. uptake
during four pefiods of

per hour per mg. of dry matter
seed germination.

Sample period

Spec ies L2-24
hr.

24-36
hr.

36-48
hr.

48-60
hr.

Ave.

Birdsfoot trefoil

Alfalfa

.gg

.80

.69

.68

L.2L

L.34

1.51

1.18

l.o2

1.00

* Each value in the table
a period divided by the

represents the accumulated O2 uptake for
number of hours within the period.
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durlng the fourth pcriod. Average O2 uptake for the four perlods

was easentially identieal.

On the basis

of alfalfa cannot

DISCUSS ION

the results presented, the greater seedling vigor

attributed to differences in respiratory Betabol-

lam on a unit dry weight basia. If one eonsiders the respiratlon on

a per plant basis, however, respiration by alfalfa would be greater

than that of birdsfoot trefoil due to the greater amount of substrate

in the larger alfalfa seeds. Size of seed has been shown to be re-

Lated to subsequent growth. Black (2t P. 335-35L) found that initial

seed size was correlated with cotyledon and leaf area, regardless of

the quantity of stored carbohydrates. In subsequent studies (31 p.

73L-734), he showed that differenees in early growth between strains

of subterrPnean clover (t"if"tir, ""Ut".t. L.) could be attrib-

uted to differences in size of seed. Seed size effects were maintained

throughout the life of this clover.

In eomparing alfalfa and birdsfoot trefoil one might expect the

sane sort of seed size relationship to exist between these speeies

as Blaek found within a single species. The larger alfalfa seed pro-

duces larger cotyledons and initial leaves than birdsfoot trefoil,

and thus has a larger totaL leaf area for photosynthesis. If one

were to assume that leaf area expansion rate and net assimilation

rate of both species were equal, alfalfa would be a much more produc-

tive species, purely on the basis of initial leaf area. Differences

in seed size are genetic characteristics of these species.

of

be
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would be linlted

seed size.

seedling vlgor of

for large seed.

to the range of
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bi.rdsfoot trefoil might be made

The degree of improvement, however,

genetic variability with respect to
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SI]MMARY A}ID CONCLUS IONS

Factors affecting the establishment, sr.l.rvival, and production

of birdsfoot trefoil and arfaLfa were sttrdied in fierd, greenhouse,

growth ehamber and laboratory experi.ments.

In the field experiment the two legumes !ilere seeded with orchard-

grass in arternate 6-ineh rows under 5 companion crop, 2 harvest man-

agement and 4 fertility treatments. companion erop treatments were:

(1) none, (2) barley seeded in L8-inch;rows and (5) barley seeded in

6-inch rows. seedling year harvest management practices were: (1)

harveated to sinulate pasturing and (2) harvested as grain or at the

same time as grain. Fertility treatments were: (1) noner e) 40

pounds of N per acre, (3) 35 pounds of p per acre and (4) 40 pounds

of N and 35 pounds of P per acre. Seedings were made in 1960 and 1961.

Grasses and legumes were seeded at a ]-inch depth in an east-west

direction. Barrey was seeded at right angles to the herbage species

in a north-south direction. Redroot pigweed and pigeon grass seed

was broadcast on the 1960 seedings at a rate of one pound per aere.

weeds were not seeded on 1951 seedings, sinee these plots were natu-

ral1y infested with wild oats.

Measurements were made in the year of seeding of (1) percentage

oceupancy of legume seedlings, (z) f.ight interception by the eompanion

cropr (3) yields of herbage when clipped to simulate pasturing and

(4) yierds of herbage, weeds and barley at grain harvest. rn subse-

quent yeers measuretrents rrere made of (1) percentage occupancy, (2)

seasonal and total yields and (5) botanical composition.
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Fertilizer treatments did not affect stands, survival, or pro-

duction of grasses and legumes nor of the barley companion croP. The

percentage occupancy of legume stands was decreased in proportion to

the intensity of conpetition. Death of seedlings oceurred very early

in the establishment period and the degree of loss was similar for

both speeies. Loes of seedlings was attributed to the effects of bar-

ley on the light and temperature faetors of the micro-environment.

Following the initial stand loss, further losses did not occur

during the growing season. Additional losses of birdsfoot trefoil

plants occurrpd during the first winter when plants were established

with a eompanion crop.

Companion erops inhibited the growth of surviving seedlings.

Growth inhibition sras attributed to reduced light intensity, since

better growth of seedlings was obtained when barley was clipped fre-

quently than when it was allowed to mature. In the absence of a

companion crop, growth of seedlings was inhibited more by frequent

clipping of thin weed stands than by allowing weeds to mature.

Yields of weeds were inversely proportional to the density of

barLey plants. ID very weedy areas weeds might be expected to be as

eonpetitive toward seedlings as a companion crop. llild oats was more

detrimental to seedling growth than redroot pigweed or pigeon grass.

The Latter two species were more readily eontrolLed by clipping.

Yields of herLage were reduced in years subsequent to seeding

as a result of companion crop eomPetition. Reductions in yield were

ettributed to decreeses in stands of legumes and to growth inhibi-

tion in the seeding yeer. Yields were reduced to a greater degree
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and for a longer period of time when legumes had been established

with barley matured to grain. Decreased yields of legumes w€E€ com-

pensated for, in some cases, by lncreased yields of grass. Yields

of grass grown with birdsfoot trefoil were significantly greater in

the spring and less in the summer than yields of grass grown with

alfalfa.

The influence of soil temperature and P fertilization on growth

of birdsfoot trefoil and alfalfa was evaluated in the greenhouse. The

two legumes were growr for a 90-day period with soil temperatures of

12, 18 and Z4oC. and applications of 15.3, 26i6 and 40 pounds of P per

acre. Measurements were made of root and top growth, of leaf area and

of N snd P content of herbage. Root tracings of plant roots growing

between glass plates were also made during this period.

Root growth of both species increased with increasing tempera-

ture. At all temperatures the weight of alfalfa roots was approxi-

nately twice that of birdsfoot trefoil. Top growth of alfalfa in-

creased in about the same proportion as roots with increasing temper-

ature. Top growth of birdsfoot trefoil, however, increased markedly

with increasing temperature. The greater growth of trefoil tops in

comparison to roots resulted in redueed root-shoot ratios.

Birdsfoot trefoiL produced less dry matter per cm.2 of leaf areb

than alfalfa at all temperatures. Both species produced less dry
ametter per cm.'of leaf area at high than at low temperatures.

Root growth of both species inereased with increasing leve1s of

P fertilizer. Phosphorus was more important to root growth at low

than at high temperatures.
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Phosphorus content of tops of both species was greater at 24

than at L2 or I8oC. Phosphorus content of birdsfoot trefoil roots in-

ereased with increasing soil temperature, whereas that of alfalfa was

simllar at L2 and 18oC. and decreased at 24oC.

Nitrogen eontent of tops of both species was less at 18 than at

either L2 or 24oC. Nitrogen eontent of tops was not affected by P

applleations, while that of roots deereased with increasing P leveIs.

The influenee of light intensities of 200, 400, 600 and 800 f.e.

upon growth of 2-, 4- and 6-week old seedlings of birdsfoot trefoil

and affalfi was Studied in a growth ehamber. The study wae condueted

under a 16-hour photoperiod with a day temperature of 75oF. and a

night teuperature of 55oF.

Seedfings gained weight at all light intensities. The distri-

bution of accumulated dry matter, however, varied with light intensity

and seedling age. With decreasing light intensity, the percentage

of aceumulated dry matter going into roots decreased narkedly, while

that going into stems increased. A smaller percentage of accumulated

dry matter went into roots of two-week o1d seedlings than into roots

of older seedlings. At 200 f.e. the percentage of dry matter going

into roots of birdsfoot trefoil plants was negligible. Roots of two-

week old aLfalfa seedlings lost weight at 200 f.c. A light intensity

of 200 f.e. was considered to be neer the light eompensation point

for roots of two-week old seedlings under the tenperature regime stud-

ied.

Resplration rates of germineting alfalfa and birdsfoot trefoil

were determined for a 0-60 hour period. Orygen uptake was measured
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manometrically and expressed on the basi.s of uI.Or/ir./mlg. dry weight.

Average oxygen uptake by the two species was quite similar on a

per unit weight basis. On a per ptrant basi.s, oxygen uptake by alfalfa

was greater, due to its greater size. Seed size differences in re-

lation to seedling vigor and growth of these species was discussed.
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