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ABSTRACT
I

The early growth, nÍtrogen fixation and nodulation

,i.';:

by several factors were the objectives of thls study.

The effect of root tenperature on the growth and

níürogen fixation of blrdsfoot trefoil was studied in growth

chamber experlments. Three birdsfooü trefoil varieties,

Empire, Leo and viking, inoculated wltheÈeh of slx @
rhlzobia strains or pqqvidé-ê=wûr$hNH&N03 r ïIere grown Ln trdiSPoil

growüh pouchesr ât five root temperatures (9o- 3006l for 35

days after nodule formation.

Highest dry weights and nitrogen yields per planü

were obtaÍned at 18oor zt+oç when the planüs were dependent

on synbÍotic nitrogen fixation. Syurbiotic conbinations

(host-strain combinations) differed in their response üo

root temperatures. At po and LZoA:', ni-trogen fixation was

depressed and. the growth was poor. The dry weights of plants

at 9oC were 19 to 45/" of those at ?l+o1. At 30ot the growth

and nibrogen fixatÍon vrere generally depressed. If NH4N03

was given to plants the growth was superi-or to plants depend-

Íng on symbiotiê nitrogen fixation at aII root temperatüfes¡

significant first and second order interactions were presenf.

In the fieLd experiment four of these six strains were

used 1n the inoculaþion of Empire,and Leo. Over 9v, of t]ne

plqnts'bore nodules four weeks after seeding. fn seven weeks

liliir!.



practlcally all plants were nodulated and nitrogen was being

fixed. Plant dry weights and. dry matter yields were greatesü

with sürain 95CIL which formed large nodules on any host.

There were many, small nodules when strai.n P was used and

yields were lower.

I¡Ihen herbicides or a companion crop were used in the

establishment of pure birdsfoot trefoil stands, highest dry

matter yields were obtained by using benefin, EPTC or 2r4-DB f
dalapon. Benefin and EPTC effectÍve1y controlled grassy weeds.

Percent nodulation and nodule fresh weighüs of Leo on benefin

and EPtC treated plots and those of Empire on benefin treated

plots $rere lovrer than in the check in the early stages of

development. tater. nodulation was satisfactory.

2rl+-DB ¡ dalapon controlled both grassy and broadleaf

weeds. Percent nodulation or nodule fresh weight per planü

srere not reduced. Paraquat was unsatisfactory as a weed coo-

trol when sprayed after,the energence of weeds and before

the seedÍng of birdsfoot trefoil. A companion crop d,epressed,

the growth of birdsfoot trefoil and nodulation was poorer.
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ÏNTRODUClION

As a forage crop bfrdsfoot trefoíI (Lotus corniculatug L. )

has several desirable qualities. Trefoll is widely used in the

[r.S. Under Canadian conditions it has shown potential in many

areas as a pasture crop. fn N[anitoba blrdsfoot trefoil has

been grown on lis¡lted scale. The establishr¿ent of new süands

has been difficult, mainly due to poor seedling vigor and

growbh during the firsü year. This species is sensitive üo

shading and. Ín conpetitlon with other plants the growth and

nodulation of birdsfoot trefoil is retarded. Under varying

light inùensities ühe seedling growth of birdsfoot trefoil
is less than that of alfalfa (Medicaso saüiva L. ) and red

clover (Trifoliunl pratense t. ) (¿r.0).

Nodul-ation failures of birdsfoot trefoil. have been re-
ported to occur in many areas. Under ldanltoba conditions the

nodulatlon of young plants has been poor in some locations.

tate..ì in summer root nodul-es look brownish and are easy to

remove. Thé symbiotic nÍtrogen fixation is not effective

and many planüs die.

In the summer of Lg67 soiL sanrples were collected

from several locaüions in &ianitoba (Appendix I). ft appeared

that naüive Lo_Lus rhizobia effective on L. corniculatus are

not present in }4anitoba soils or their population is quiËe

small. Only from the experi-mental areas where the seed had

been inoculated prior to seeding could effective Lotus

rhizobLa be isolated. This clearly indicated the need to
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introduce the proper rhizobla through inoculation of

seed when new birdsfoot trefoil stands are establlshed'.

SoÍ1 temperatures are quite low for a relatively

long period of tùne aü the beginning and at the end of

growing season. During these periods the synbiotic nitro-
gen fixaüion and growth of birdsfooü trefoil could be

depressed. Possibly symbiotic combinations of birdsfoot

trefoil and Lotus rhÍzobia could be found which work effective-

ly at a wide range of root temperatures. Six Lotus rhizobla

strains were tested, under controlled, environnental condltions

at the differenü root üemperatures. Four of these strains

were tested later under fÍeld condiÈiotlsr

Because the earì-y growth of bÍrdsfoot trefoil is
slow competing species easily eliminate ít from the stands.

By using herbicides pure trefoil stands can be established.

This was studied in a separate experirnent,. Botanical com-

position of stands and nodulation of birdsfoot trefoil were

specifically investigated.
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REVïE!Í OF TTTERATURF

I. Host - rhizobia relatÍonship between Lotus corniculabus L.

and Rhizobiurn sp.

The root nodule bacterla of birdsfoot trefoir belongs

to a specific group of Rhizobium. Fred et aI (16) pre-
sented a elassification of rhizobia in which ühe root
nodule organism of ,. eorniculatus L., t. uliginosus L.,
L. tetragonolobus L. and Anthyllis vulneraria L. r¡iâs rê-
garded as one group. The nodulation resurts obtained in

' t,he stud,ies of Erdman and Means (13 ) showed thaü the strains
of Rh.izobÍum isolated from L. uligiqosus are ineffective on

L. corniculaþuq and conversely, strains from L. corniculaüus
are ineffectíve on L. ul,iginosqs. Certaln strains appeared,

to be effective in one experi.ment, but did not give the same

results in another experiment. One strain, 3EOJ2, uras effective
on both host species. This relationship between the rhizobÍa
froro L. corniculatus and L. uliginosus.was also noüiced by

other workers (1, 8). 
i

Ifn addition Gregory and Allen (23) found that certain ;

strains of rhizobia frorn caragana arboreseens L. formed

effective nodules on L. corniculatus, but did not nodulate
L. -uriginosus. Rhizobium rupini and Lotus-Anthylris
groups of rhizobÍa were noticed to overlap considerably
in their hosü-rhizobia relatÍonship (1, 26, ZT,l .
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of cultural reactions. This behaviour can be rerated to
distributlon of ühese species, L. uli.ginosus being con-

fined to acid soils while L. corniculatus is torerant of
both alkaline and acid environments.

i 2. The growth, nitrogen fixation and nodulation of leguraes

as influenced by differenË facËors.

Noruis (l+5) has reported that Rhizobium straj-ns derived

from L, corniculatus were acid prod,,cers. strains from

L. ultåinosus were arkali-producerso He concluded that
L. . corniculatus represents a more advanced type than 

.,,:ì
L. ulisl:qosus in legune-Rþiggþium association. Brockwell

et aI lt5) noticed that effective rhizobia on L. ulisinesus
were strictly a1kali producers. Acid production by l::

. '..:' :.

Rhizo.bium from t. cornicuratug was less raarked and this i-''i '

species fixed nitrogen with rhizobia having a wide range li,.,rj

2-1 lenperaþure ]'
:

Jones and Tisdale (3I) vÍere the first scienüists to i::::,

study the effeet of soil temperaüure on legune |'*it':j.r.::r.l

synbÍ.osis. They found. differences anùng'. four i""'''

Iegwnes to tolerate high soÍI temperatures. Peas

were dwarfed at 30ot, clover developed poorly at
[;ttt:t- "' '

36oc, while alfarfa and soybeans greh¡ very welr iiilji
at 360Ç. Maxi.mum dry weights per soybean plant 

,

were obtalned at zl+o9. Aü 30o and 36oC weight

of tops was as great as at 24oC whlle the weight l
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of nodules declíned rapidly. The variability ln

nitrogen content was greaüest in ühe shoots' The

roots were uniform. There !üAs a sudden increase

in nitrogen at zLoC as compared with that at 18oC

and a sudden fall at 3)oC as compared to that at 3OoC.

Stalder l59l found ühe optimum for growth and

nodulation of @. Ín water culture to

Ij.e between 20oC and 24oC with a depression of

nodule formatÍon above 27oC,

Meyer and Anderson (l*¿l} reported that in agar

tube culture in a glasshouse moderately high root

temperatures (3OoC) exerted a specific inhibitory

effect on synrbiotic nitrogen fixatlon of sub-

terranean clover (Trifolium çubterraneuvg L' )' At

lower root temperature (eOoC) plants' Ínoculated

with Rh:Lzobium ürifolii fixed nitrogen and. grew

normally. Unlnoeulated plants responded normally

to nitrogen üreaËment at both temperatüP€s¡

Mes (42rt+3) noÈiced that temperate legumes,

@L', Bisj¿¡!,..jg!igl'andÞP-iry,
$!g L. r responded differently fron tropical

Iegumes Stizolobium deeringianUln Bort. r '@E

blpggg L. and Êly9iryig¡ L. to different

temperature cond.itions. An increase in day

temperature from l8o, 19o or 2OoC to either 25o

or 27oC, generally decreased the nitrogen percenfage

f. : _r'*:, rt :.'
i', :'- ::,1.: . ::
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and the total nitrogen content of al" temperate

legumes. An increase in the night ternperature

from 10o to ?LoC generally decreased the üotal

nitrogen content. the growth and nitrogen assinila- i,".,.,

tion of tropical legumes were depressed by the lower

range of day temperatures used. At nighü temperatures

below 18ot the nltrogen fixation was poor.

Ðart and Mercer (12) studied the nodulation and

growüh of cowpea plants (Vigna sinensis) under two

light intensities, ab six temperatures and by using

different levels of NH4N03. The optimum temperature

for growth and nÍtrogen fíxation was at Z?oC. The

optimum temperature for primary root nodulation was

at 2LoC and for secondary root nodulation at 33oC.

. Pate (l+7 rt+8) studied the syrnbiosis of Medicgeo

tribuloides (barrel medic) and Vlcia atropurpurea

(purple vetch) over a range of constantly maintained

day temperatures at three light int'ensities and at

low night üernperatür€¡ Total fixation of nitrogen

in both species showed a maximum at ?l+oC with the

higher lieht ÍntensitÍes benefiting fixation in all
temperature conditions. At high temperatures (above 

i",,.,.t,,

27oc).therewasadepressionofsymbiot1cacüivity..
The various symbiotie cornbinations dlffered in
their relative abilities to engage synrbiosis under'

different temperature Condiüions. Each strain responded, :,,...,.:.

in a different manner bo the temperatur€o
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According to Possingham et aI (52'l high root

temperature (3OoC) has a specific effect on nitrogen

f ixation and índuces nÍtrogen def icÍeney in the sub- 
r,::.:

terranean clover. There r{as no evidence of a similar t.',

effecü with high shoot ternperature (3OoC) on ühe

nitrogen fixation of the plant. The harmful effeet

of high root temperatÌrres on nitrogen fixation was

similar, regardless of whether the temperaüure $¡as

constant or fluctuatÍng. The decrease in nitrogen

fixation was noü due to a decrease in the number

of nodules. The nu¡nber of nodules was Ín fact
greater at the high root üenrperatures, and could

well have been a result of the temperature induced

nitrogen deficfency. The growth utas good when

N,H4NO3 was glven to plants.

Phllpotts (51) reported that high soil üemperature

could cause nodulatlon failure of some legumes. Also ii..,,

nodule formation and development were reduced and

fewer large nodules occurred and a higher proportÍon

of the nodules appeared ineffective.
Joffe et aI (28) found that synnbiotic nitrogen

fixation is a thermo-sensitive process in which

effective fixation is confined to relatively narrow

temperature limits. The differential response of

two legumes hras evident; low root temperatures in-
hibited nitrogen fixation more strongly in the case

of Arachig hypogaea.L. than Trifolium pratense L.



I
Glbson (19) studied the effect of rooü temperatures

(5o - 3OoC) on the growüh and symbiotic nitrogen fixation
by nodulated plants of four varieüies of T. subüerraneum

t., inoculated with each of two strains of E:_EiIgfü.
Symbiotic nitrogen fixatj-on was reduced at root

üemperatures below 22oC, and at 5oC was only tO-L7% of

ühat achieved at 18oC. At 30oC there was a rnarked reduct-

ion in nÍtrogen fixation. Some symbiotic conbinations

achieved levels of growth simitar to ühat rnade by plants

receiving adequate combined nitrogen while the others

were consistenüIy less effective.
For both dry weight and. nitrogen fixation, there was

a signiflcant interaction between the varieties and

bacterial strains throughout the temperature range, Ðd

above 18oC, the degree of this interaction was influenced

by the root temperatürêr

Earlier it was,(18) found thaË root.temperature in-
fluenced the r elative effectÍveness of two strains of

R. trifolÍi on two varieties of subterranean clover.

Nuüman studied (46) the symbiotic effecüiveness of

L5 varieties of subüerranean elover in association with

several strains of root nodule bacteria, and concluded

that the interaction between host varieties and bacterial
strains was of minor importance.

Aü the lower root t,emperatures (5o and 10oC), the trans-

locaüÍon of nlbrogen to the shoots was retarded in both

nodulated and anmoniu¡n niürabe control planüs of :tit:i._::
l.:.. ...:.. '



I
Trifoliurn subterraneum L. and nitrogen Ì4ras

retained. in the roots (21). Up to ISoC there was a

progressive increase in the proportion of the total
nltrogen assimilated and translocated to the shoots.

In the nodulated treatnents there 'hrere both host

varieüy and bacterial strain effects on the disÈri-
bution of fixed nitrogen. With an increase in root

temperature from 8o to 18oC, ühe rate of increase in
the dry weight of the shooüs increased more than thaü

of the roots. Up to 18oC the percentage nitrogen

level Ín the roots of the nodulated plants was a

function of the strain of nodule bacteria, whereas

the percentage nitrogen level 1n the shoots ïras a

funeüion of ühe host variety. Above 20ot changes

in dry weight increase and its.distribution between

the roots and shoots, were largely cont'roIled by

the effect of root tenperature on symbiotÍc nitrogen

fj.xation although varietal effects were also evident.

I¡n order üo ¡ninimize differences in the rate of

nod.ule establishment ancl early nitrogen fixation
between varietÍes and strains, Gibson (20) used

relative nitrogen assimilation rates (n¡¡) and relative
growth rates (R¡¡) to compare 'different symbiotÍc

combinations. RN was a more satisfactory pararoeter

than Rig for comparing the varietal and tenperaturir

!i 'n-::il.:-ìrlj :

l:1::a:."tfiji

: .:: i.:. -.'--
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treatments. This was particularly true for the

higher rooü temperatures ( Z5o - 30oC) which

severely reduced nitrogen fixation by three of the

eight strains tested. this dld not seriously affect 
ir,,,,,,.i,:,

the Ryg of the plants inoculated with ühese strains.
Thestrongstatistica1interactionssuggestedËhat
the nitrogen fixing abili.ty of varieties depended 

i,,.;,1.,

on both the root temperature and the strain of iji''t'
:.' ...t'

i;' ;:-;:1'.,,nodule bacüeria 
:..

The effect of üemperabure on the formation of
I

rhizobial root nod.ules of beans was investigaÈed by 
I

Barrioseta1.(3)byusingamethodofiso1atedroot
culture under axenic conditions. Optimu.un nodulation

l

was obtained at 25oc. At 12o and 33oC, the root 
i

growth was reduced and. nodulation was nÍl. At L?o i

i

and 30oC the growth was as good as at 25oC but nodulation i

was reduced, an average of ?O/0. They concluded that

decreased, nodulation at IJo ¿¡¿ 30oC was therefore il"it,
il ,t,'

unrelated to root growth; neither could it be explained 
i,¡,,.;,,,,,

on the basis of size of the effective inoculum

(number of rhizobia) and abundance of root hairs.

Roots held at 30oC nodulated as much as roots held at i.,,:,,:i¡..

i'... :t
25oC, provlded they were exposed to 25oC at leasü fór ,three

days after Ínoculation.
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Heinrichs and Nielsen (zt+l grew alfalfa varieties

of diverse genetic origin to determine the effect of

soil temperature (5o 27oC) on herbage and root growÈh.

The air temperature varied between l5o and 32oC.

Varieties of Medicago sativa generally yielded more

herbage and roots than those of @.
The growth of alfalfa was greatly affected by soil
temperaüqre; the most herbage was produced at 27oC

and most root, and nodular tissue at LzoC. Strain x

variety interactÍon was not studied.

Cooper (9) grehl birdsfoot trefoil and alfalfa in

pots in the greenhouse under three soiJ. üernperatures

(teo, l8o, 2lroü) and three phosphorus ferËility levels.
the percentage increase in growth was greatest between

12o and 18oC. Top grobrth of alfalfa increased to about

the same degree as the roots, wÍth i.ncreasing temperature.

In conürast, top groit'th of birdsfoot trefoll was

markedly stímulated with increasing soil üemperaüure

Ieve1s. At L}oC alfalfa produced a greater yield of

tops than bírdsfoot trefoÍl. At 18o and Zlrot top

yields of birdsfoot trefoil were greater than those

of alfalfa.
2-2 Some obher environmental factors

Lynch and Sears (lZl cornpared greenhouse and field
tests to evaluate several strains of nodule bacterÍa

:i'l::: l:-
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r^rith reference to the growth of birdsfoot trefoil
and the amou¡it of nitrogen fixed. the field soil
was free of effectÍve Lotug rhizobia. Generally

the total differences were less marked in the field
than in the greenhouse, but within limits, those

strains having high nitrogen fixing capacíty Ín the

greenhouse al-so fixed large ar¿ounts in the fieLd.

The size of nod.ules was more significant than the

number of nod.ules. there was a constancy of strain

response although L,., cornieul-atus is self-sterile
and cross-pollinated.

Birdsfoot trefoil ls known to survive and. grow

under a wide range of soil conditions. ft can per-

sist on poorly drained and droughty soils. ft grows

on low fertilÍty and acid soils, The growbh responses

of trefoil are also quite different from those of

alfalfa (57 1581.

McKee (3g rt+O) reported ühat inadequate nodulation

or lack of nodulaüÍon is a problem in the establish-

rnent of birdsfoot trefoil under unfavorable conditions.

Nodulation couÌd occur within a pH range of b.5 to 7.9

but the growth and survival of ühe seedlings and

nodulation were satisfactory only in a pH range of

6.2 to 7.5. Mineral deficiences or imbalances were

reflected more in depressed and retarded growth and

i:ì:!':i
i,::

'L:.::

'i::l
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noduration than in the appearance of the deficiency
symptoms. Added nitrogen did not prevent fornation
of nodules buü did reduce thei.r number and sÍze. Low

soil moisture also depressed and retarded nodulation
¡nore than prant' growbh. The use of heavier rates of
inoculation (100x and I000x) did noü alter the

nodulation responses reported above.

tynch and Sears (38) noticed, ühat the strains of
rhizobia from L. corniculatus responded differently
to fertillzer treatnnents. The nitrogen contenü of
plants was higher when the ptants were inoculaÈed

wiüh one of the strains and limestone alone or in
combination with phosphorus andr/or potassium. Soil
treatnent had no pronounced effecü on the niürogen

content of plants nodulated by one of three other

strains of rhizobia.

The growth and nodulatlon of birdsfoot trefoil
uras more sensitive to shading than that of red

clover or alfalfa (40). Also with increaslng plant

competition nodulatÍon declined. Saüisfactory

nodulation resulted when competing species were

eliminated. Seedlings of birdsfoot trefoil nodulaüed

under shading equivalent to 25% of daylighü but

required at least 50% for the nodules to be functi.onal.
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Shading and defoliation of L. ul-iginQsus induced a

rapid fading of pink colour of the riodules (7') . Sub-

sequently the nodules became brownr âs did the roots,

and many of the laterals and some main roots died.

Decreasing light or increasíng temperatures from

60oto gOoF affected the root' growth more than the

top growüh of birdsfoot trefoil (22Ì-.

McKee (LI) found that most satisfactory nodulatlon ;.,',',;''.r

based On nodule si-ze, number, colOur and mass oCcumed 
l:,:,:::,:.:..,

on planþs grown under nabural photoperiod Q2-L5 hours)

and the poorest on plants grown under conditions of

the 9 to 2Ir hour photoperiod. Empire was less

adequately nodulated than Viking.

the behavÍour of strains of rhÍzobia has been

noticed to vary. Abel and Erdman Q'l found that in

fields free or essentially free of soybean rhizobia

' some strains v¡ere more effective on Lee soybeans than

others in several characterisüics. One strain was

effecbÍve in one year and lneffeetive in another.

Johnson et aI. (30) studied the suceess of straíns

of Rhizobiu¡n .JaponÍcun applled as inoculum in different

amounts and by different meühods in p roducing nodules

on soybeans. Some strains were more successful as

inoculu.n than others:

AccordingtoBurtonandCur}ey(6)at'1east200,000.
rhizobia per seed are required to bring about effective 

.

nodulation of soybeans under good planting conditions. ¡.,'1,ì':,:' ,;
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2-3 tompanion crop and certain herbícides

In ühe establishment of pure trefoil stands selective

herbicides have been used to eliminate competltion by

other species. Successful results have been obtained

by using different chemicals alone or in combination

with cultural practices.

Scholl and Staniford (,55'l found that pre-emergence i,.:t,t

applications of trichloroacetic acid (tCl) or post-

emergence, 2r2-dichloropropionlc acid (dalapon) gave

almost complete conüroI of grassy weeds with litt1e
or no injury to the legurne. A combination of dalapon

and 4-Q,[-dichlorophenoxy) butyric acid t+(Zr4-DB)

was superj.or to- dalapon alone since t,he 4(2rl+-DB)

reduced broadleaf weeds signifÍcantly. Cornpanion

crops significantly red,uced stands and yields of
birdsfoot trefoil under aIl r¡anagements studied.

Scholl and Brunk (5¿l) reported that dalapon was¡ - _--- 
:- 

- -- 
ii:",.. :
!: ::':: - ::rvery effective in controtling eompetition from annual ,,1...,,,

grasses, and dalapon combined with b(2r&-DB) gave

almost complete control of both grasses and broadleaf

weeds.

Peters and Davis (¡O) found that yields of
birdsfoot trefoil were increased when broad leaf
weeds were controlled with l+(2 L-DB). !ühen dalapon

was used with l+(2r4-DB) ttre yields were slÍghtly
Ímproved.
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Kerr and Klingnan (331 studied the effect of
nowing, dalapon and TCA on weed conLrol, establish-
¡nent and growth of birdsfoot trefoil. Three mowings

in combinaüion with two darapon applications resurted

in the highest trefoil yields. Dalapon did not

inhibit nodulaüion when it was used aü rates of 6

lbs- per aere or less.
fn fleld trials Garcla and Jord.an (LTl showed

that zrl+-DB, alone or in conblnation r.¡ith dalapon,

redueed nodulaüion and tended to decrease the

efficiency of nitrogen fixation in birdsfoot
trefoil. Dalapon appeared to enhance the inhibitory
action of 2r&-DB on nodulation. No obvious cyto-
logical dlfferences could be detected ín the nodules

or in the isolated bacteroids of field treated and

untreated plants. Under growth chamber conditions,
2r|-DB drasüicalIy reduced trefoil growth and

nodulation particularly in treatments where the

herbicide came directly in contact with the plants.
It appeared that the reduction in nodulation and

nitrogen fixation was a result of plant danage and

abnormal root growüh caused by Zrlr-DB application.
Peters (t+g) reported that ethyl NrN-di-n-propyl-

thiolcarbamate (npfC) controLled broadleaf weeds

effectively. Also grassy weeds decreased when rates

,_:l

:4.::

I ::': Ì:':.r: ì
i.i1::í.t:" i:ì

:: i."-. '
t:,r.: :l: t i
l: :':.
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of EPTC increased. Best control of broadleaf weeds

and grasses was obtained by using 2r&-Dts and dalapon.

Apparenbly 2r4-DB injured birdsfoot trefoil to some

exbent. Seri.ous losses of birdsfoot trefoil occurred

on plots having oats as a companion crop.

According to l{akefield and Skaland (60) pre-emergence

weed control with EPTC bras very successful. Results

with 2r¿l-DB combined v¡ith d.alapon were comparatively

poor as weed control was not achieved and yields of

birdsfoot trefoil h¡ere depressed. The legume growbh

was retarded by the herbicÍde cornbination althorigh

the syrnptoms of in jury were not evldent.

Schreiber (56) noticed that EPTC as a surface appli-

caüion at I Lb/acre did not give satisfactory broadleaf

or grass weed control but was non-injurious to boüh

alfalfa and birdsfoot trefoil.
Linscott and Hagin (351 and Linscott et aI. (361

found that EPTC applied at planting time effectively
controlled annual grassy weeds in seedings of birdsfoot

trefoil. Control of annual broadleaf weeds by EPTC was

incomplete. A post emergence application of 2rl+-ÐB Ín

addition to the EPTC treatment resulted Ín excellent

overall weed, control.
Fletcher (1[) invesüigated the effects of several

herbicldes on the growth of Rhlzobium trifolíi. the

herbicides had.no effect on the growth of R. trifolii

i:.r.i
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on agar cultures at concentratÍons up to 25 ppß. The

herbicide concentration Ín the soil is nuch below this
value under normal agricultural practi.ces.

fn aseptic agar test tube and soil culture experi-

ments it was noticed that 2rl*-DB was relatively non-

toxLc as a herbicide when the growth and nodulaüion of

white clover (TrifolÍum repens L.) was studied (15).

Jord,an and Garcia (lZl reported. that growth of

Lotus nodule bacüeria ruas temporarÍIy suppressed,, Ín

a yeast extract mineral salt, medium, containing 2r4-DB

at 50 and. lOO mg/ml. The zrl+-D} concentraüion need,ed,

to compleüely suppless the growth of bacteri.a appeared

üo be above JOO ng/nL. ltlhen added during the logarithmÍc

phase of growth 2r4-DB at 50 and 100 mg/n1 did not

inhibit the growth of cellsr so that the growth inhibiü-
ing effect of the herbicide apparently was directed

prinarily against lag phase ceIIs. -Pre-incubation of

rhizobia in a medium contaÍning 2rl¡-DB at concentrations

up to LO f&/nf did not affect the capacity of the

bacteria to effectively nodulate their host plant.

| ::,:
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RESUI,TS OF RESEARCH

1. The infruence of root temperature on the earry growth

and symbiotic nitrogen fixation of dodulated Lotus ' i' '.l-: .i.::
:i 

- 

::_j::::::::l:li::

corniculatus L. nlants.

ABSTRACT
.'.

three birdsfoot Èrefoil (Lotus cornicglalgg L.) varieties ',.,,:,,.,

inoculated r'¿iLh one of six Lotus rhizobia strains or depend.-

ent on ammonium nÍtrate, lrere groh¡:n in disPo growth pouches

under controlled environmental conditions at five root
tenrperatures (9o 3ooc) for 35 days after nod.ule formation.

When the plants were dependent on syrobiotic nitrogen
fixatÍon the highest dry weights and nitrogen yields per

plant r¡rere obtained. at 18o or zLoC depending on synrbiobic

combination. At po and L?oc nitrogen fixation was depressed

and the growth was poor. The dry weighüs of plants at 9oC

were 19 to l+5f, of those at 24oC. At 30ot the grovrth and

nitrogen fixation were generally d.epressed. ff combined

nitrogen as NHUNO3 rruas given the growth was superior to
plants depending en symbiotic nitrogen fixation at all
root temperatures.

Significant interactions indicate that the nitrogen

fixing ability of varieties was dependent on bobh root
temperature and the strain of Lotus rhizobia.



2L

i:.,,í.i 
:

TNTRODUCTION

The growth and nitrogen fixation of many regume species

are specifically influenced by temperature. The optimum

night and day üemperature depended on the legume species
(tnz rtoSl . Pa&e (h7 rl+8) observed that MedÍcago tribuloides
Desr. and vicia atropurpureg.Desf . had rnaxirnu¡a nitrogen

fixation at 24oc. Each strain of Rhizobiun seemed, to res-
pond differently at various root temperatures. The optirnum

tenperature for the grovrbh and nÍtrogen fixation of viEna

sinensis L. was found to be at 27oC (le¡.
Jones and TisdaLe (;f) found that four legumes differed

1n their response to root temperatllrêr According to Meyer

and Anderson (¿*l*) and Possingham S eJ. $zl high rooü

üemperature (3ooc) had a specific effect on nitrogen ffxaËion
and induced. nitrogen deficiency in subterranean clover
(lrifoliu¡r subterraneum L. ). The uninoculated. plants

responded normally to nÍtrogen treatmenü at all root
temperatures. High shoot temperatures dld not have a

sirnilar effect (5zl . Glbson (Igr19,zo) found that the

optimum root temperature for the syrnbiotic nitrogen fixation
and growth of subterranean clover was between Zzoand z6oc.

The nitrogen fixing ability of varieüies depended on both

the root temperature and the strain of nodule bacterÍa.
The earry grovrrth and development of bÍrdsfoot trefoil

is poor and it is influenced by several factors. This

study was conducted, under controlled, environmental conditions

i:,... r:.:.ri
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üo determine the effects of root temperature on the early
growth of birdsfooü trefoil (Lotus. corniculatus L. )

plants which hrere dependent on symbiotlc nitrogen fixation
or combined nitrogen (NH¿1N03 ) .

(.
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ryIATERTALS ANÐ ilIETHODS

The seed of birdsfoot trefoil varieties Empire, Leo and

Viking was obtained from the Department of P1ant Sciencer 
i,;.,,;.,,¡

University of Manitoba. The seed.s were selected for iì:';'':"

uniformityofsizeandwei8ht,bothwithinandbetween
varietÍes and surface sterillzed by immersion in 8@'

eühano1 for one ninute, in 2"5{o hypochloride ':t (Ht1O") i.'i:': -;
i rr iÌ::i

:,
for two minutes and. rinsed 1O times wiüh steril;, distilled i::::,,.,.

water. The seeds rìrere gerrninated on L.5/o water agar

for 6-7 days (Empire 7, Leo and VÍking 6 days) in Petri

dishes in darkness at room teroperatür€o Qualts and

Cooper (53') found that speed of germination and rate

of elongation follow this order during the non-

photosynthetÍc stage of developmqnt. The seedlings

were kept in a grow'th cabinet in lighü for two days

before transplanüing, to strengthen the seedlings.

The plants were grown ln diSPo growth pouches (Fig.t) f;;,,,¡"r,

(t6.5 x 17.5 cm) developed by Northrup, King & co.,

Mlnneapolis, MÍnnesota, [I.S.A. The pouches,t{ere

sealed leaving l+ cm unsealed in the center of each

.: pouch. 25 nL of nutrient solution was added to
'il ' ^-, -r----.rr -r t^to^ ---r a -À- ¡r^-^ iffiri pouches and. sterilized at I2loC and 1 aÈm pressure for 20 i"',.."',,

minutes. One seedling was transplanted through the

opening which was closed with paper clips to prevenü

contaminatÍon.

I: :.

:::,:l:

i+:"r ìiii



?_ ì+

i :., l¡.',1,,;,:,.i:,,,'
lfr:r:.:'tìr:r:, .¡,;:rj
i-1::llri; : :-'r'
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Nitrogen free nutrient solution developed by HeIy (25l.

was used for plant cultures. One mI of trace el-ement

solution (19) was used with I p.p..nn. of Fe as FeEDDA and

disüilled water was added to make up 1000 ml. After auto-

claving the pH was 6.7 in the pouches. I{hen the plants

!úere harvested pH uras around 6.5. This was checked by

adding 20 ml distilled water to pguches before reading

the pH value.

The plants were watered later with f-strength nutrient

solution ,-when-..needed by using an automatic syringe. The

plants were inoculated 6 (l,eo, Vikingl or 7 (Empire) days

after transplanüing. The number of rhizobla per ml was

106 - 107 as checked by plate count,

Six Lotus rhizobia strains vrere used to inoculate the

host plants. The strains were 867, 8ó8 from Microbiology

Research fnstitute, Ottawa, Ontario; 95CLJ., 95CL3 from Dr.

J. L. Burton, Nitragln Sales Corporation, Milwaukee,

Tlisconsln, U.S.A.¡ and t and P from Dr. H. L. Jensen, State

Laboratory for SoiI and Crop Research, IJyngby, Denmark.

the Eþizobiun strains hrere maintained. on L.5/" nutrient

agar. A culture mediun by Johnson gþ 3!. Qg't was used,

with 3.0 g mannitol per liter. The pH was adjusted to 6.8.

The cultures Ìrere grovün at 28oC and stored at 4oC. Stock

cultures were transferred at nonthly intervals.
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ldaterbath used in root temperature studies" Plants in one basket formed a
replicate. Expeçimenta.J- ""it óqñsistçd. of tr1o separate plants (pouches)
ññíôË-weie põôfðäi-lõä"iñe"'-iõr-¿i;iïeieht-and-nitiogen determinafions.
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.,
After inoculation the plants $rere kept ín a Coldstream

grohrth cabj-net. Temperature vlas 2I"C during the I8-hour day

and 1lr" C during the night. Illuminati.on was provide d by 32

Sylvania Electric fluorescent lamps supplemented with eight

60 Vtatt incandescent Iamps. Light intensity was If ,200 lux i';'"

(f6OO f.cl. ) above the growbh pouches as measured. wÍth

Weston ïllumination ivleter, I,lode1 756.

Nitrogen rnlas given to plants according to the following 
'i,-,

scheme:

& J,.L rr. J-\t/

Temp.o c ,r' rr""" r,f r'"""' Total N
ng/plant

933
L2353
18357='
24357
30357

6

11

L5

L5

t5

ti mg N/plant I day before temperature treatntent started

*'4 mg N/plant 11 days after temperature treatment had started. i"ti;l :l::'

***< ¡¡g N/plant 26 days after üemperature treatment had started j,-'.,ri.

i,r,: :

Due to accumulatj.on of nitrogen in plants less N was

given at lower root temperatures ( 9o, I?oC). lnlhen the plants

were well nodulated and the nitrogen fixation had begun 
'5(lg day.s after inoculation) plants were arranged in 10

replica.tes and root temperature treatment was started by

transferuíng grol.rLh pouches in test tube baskets into :

water baths (nig, 2'l . The experimental design vras a split- 
i,;.:,:

split-plot randomized block with root temperatures in main i
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plots and varieties and l,otus rhizobia strains in sub-

plots. The analysis of variance was calculated after log

transformations and Duncants new multiple range test
(5% LeveL) was used to detect the differences beüween

the üreatments. Separate cooling unit and. coils were used.

v¡hen root temperature was below ambient. The root temp-

eratures urere 9o , LZo, 18o, Zlf an¿ 30oc. The error range

in Brownv¡ill Thermomix II constant temperature regulator

was less than t 0,5"c.

The plants were harvested after 35 day root temperature

treatmenü and dried at g5'C for 18 hours. the dry weights

of plants were measured and nitrogen contents hrere r.-

d.etermined by us.ing a micro-Kjeldah1 method..



Figure 3n Plants of Empire after
Plants inoculated with
867 , 868, g501t , 95CL3,

35 days of growth at root temperature z|ot"
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See figure 3
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Figure 5" Plants of Viki"ng 35
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sisurTs
Three birdsfooü trefoil varieties, Empire, Leo and

Viking, $¡ere grown at fÍve root tempet'atn""t 9o,,rL?o, 18o,

2l+o , and 30oC. The plants were Ínoculated with one of six

Lotus rhizobia strains or combined nitrogen (Ult4UO3) was

given to plants. Nitrogen controls rqrere included as a

sürain in the statistical analysis of dry weight data.

This was not done with the nitrogen conüent data because

of the accumulation of. niürogen ln the controL plants.

The dry weights and, nitrogen contenËs of three

varieties were highest at root temperatures l8oor z\oC

when the plants were dependenü on symbiotic nitrogen

fixation (Tables L and 2, Appendi""" â and 3).At tSoC

all varieties with the sürain t67 tra¿ the best growth

and nitrogen contenüs were al-so high. Differences

between the best and poorest strains within varieties

with respect to the dry weight and nitrogen content of

planüs vrere significant (5/" LeveLl at this root

temperatürê¡ :

At TboT Empire/P (aEmpire inoculated v¡ith P) vËs

the best syrnbiotic combination within this varieüy.

Leo/868 was the besü syrnbioüle combination with Leo

but with the o ther strains the growt'h and nitrogen

fixation were also satisfactory. With Viking the

strains 95CLL, L and 867 were considerably better than

sürain P. ïn figures 3-5 the three varieties .inoeulated

with "a"'i, of.'si-x: strài-ns of -@us. rhizobia and N-controL

plants can be seen after 35 day tenoperature treatment,

|]-...-
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Table 1. Total dry weights'of plants (mg/plant) at
different root temperatures. l/

Variety Sürain

Empire

Leo

Viking

867

868

95ÇLL

95ct3

L

P

N-Control

Mean

867

s6å

gSctL

95ct3

t
P

N-eontrol

Mean

867

866.

95CLL

95cL3

t
P

N-control

Mean

22.L

26.2

28.r

3I.T
2l+.L

23.L

86.b

3l+.t+

49.5

55.0

l+O.7

60.6

l+8.2

l+5,9

Ll+3.2

63.3

5r.1

3h.5

l+2.7

I+9,5

lr0 . ¿l

46.r

ll+0.6

57.8

32.2

36.3

32.6

29,L

35,8

l+2.2

87.0

I+2.2

60.b

57.3

6l+.t+

56.5

5L.l+

5L.5

L37.5

ó8.,l+

58.4

h3.l+

b6.8

53.O

l+5.L

4.9.8

L73.5

67.L

82.5

6lÞ.0

60.h.

72.2

6l,0
l+1.8

289.à

96.o

23L.5

L37.7

169.0

LLg.2

t65.7

1l}r.9

522.5

2L2.5

Lg3.5

L5?.L

1r0.9

L29.1+

LL5.3

LzL.7

565.O

L98.7

75.5

57.8

66.3

80.2

9L.5

rl0. g

2l+l+.6

103.8

2O2.5

272.7

2O8.3

L96.7

2l+7.b

?L3.O

l+76.0

259.5

L65.9

L32.1+

L82.2

110.4

L73.1+

L05.2

539.7

?OL.3

25.6

3l..9

26.1*

33.2

29.5

28.0

365.1+

77.r

66.6

L25.8

6à.3

L76.L

118.3

93.L

6L2.8

180.1

57.5

åtr.7

56.9

83.6

77.9

60.5

602.7

LI+6.3

l+7.6

43.3

l+2.8

t+:9.L

l+8. &

b9.2

zLl+.6

70,7

L22.L

L29.7

110.1

121.8

L26,2

r09.1

376.6

L56.5

LO5'.3

89. ¿l

87.9

85.2

90.l+

76,7

l+Ol+,3

L3l+.2

a L/ E|or comparisons between treatnents see appendk 16
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The dry weights and nitrogen contents-of Leo at 24oA

were usually eonsiderably higher than at 18oC (taUtes t
and 2, Appendices ä' and 3 ), The ylelds of Empire and

Viking were somewhat lower at 18o than at 24oü. At zt+oC ',;;,:,,.:

Empire,/t, Empíre/P, viking/g5cL]- and vikÍne/L grew much

better than at ISoC.

At both root temperatures (18o, Zboc) with the sane

"trains 
Leo had significantly higher dry weights and

' nltrogen contents than Empire. Viking had also higher

yields than Empire although not so many significant

dífferences were present. Leo had generally higher

yields than Viking and some symbiotic combinations of

Leo significantly ouÈyielded, those of Viking. At zt+,oC

Leo had considerably higher dry weighbs and nitrogen

contents than Viking vrhen the same sürain was used. At r

18oC the differences between Leo and Viking were smaller.

At 90 and ].zo? the differences in the dry weights and

nitrogen contents of plants between strains within

varieties were non-significanü. At L|oC the yields were

slightly higher than at 9oC. The symbiotic combinatj.ons

of Empire performed less well than those of Leo and Vik-

ing at these root tenperabures. Differences between teo iì,.u

and Viking vrere smalI.

At 90 and 12ot the dry weights and nitrog.en contents

of varieties were significantly lower than at I8o or Zlro0

with the same strains of Lotus rhizobia.
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Taole 2. Nitrogen contents of plants (mg/plant) at
different root temperatures. L/

Variety Strain . ,,, Rgqt gempe

Emplre

Leo

Viking

867 O.bt+

868 ,0.50

95CLL O.5t+

g5cl3 0.61

t 0.[1

P O.l+2

Mean O.l+9

867

868

95clr

95cL3

L

P

Mean

867

868

gS3LL

95cL3

L

P

Mean

1.0.l+

r.19

0.89

L.25

o.92

0.91

1.03

1.02

o.66

0.88

o.g7

0.77

O.9l+

o.87

2.L7 2.52

l.7g 1.86

L.7O 2.L7

2.?6 2.72

L,7L 2.89

1.09 3,63

l.7g 2.63

7.76

lr. 89

5,70

¿r.09

5.26

l+.1+9

5.37

5.5L

l+,69

3.66

3.98

3.50

3.93

l+.2L

8.1r

10.82

7.9t
8.zz

8.85

7.09

8.51

5,2L

4.61+

6.5L

4.10

5.L9

3.36

t+.83

L.2h

L.L2

L.L7

r.4.1

L.26

r.3r
2.L5

3 "99
tl.18

3.56

3.93

3.69

3.11

l+.62

2.85

2.50

2 -7L

2.1+6

2.32

2.Ol+

3.53

o.70

o.g3

4,93

o.75

0.85

0.98

0.86

1.71

r.58

L.66

L.l+7

L.26

L.t+3

L.52

1.41

0.99

1.I¿+

L.22

o.99

r.08

1.1Ir

o.39

o.52

o. 51

o.7L

o.h5

O,l+2

0.50

L.32

2.hr

L.57

I+.60

2.L3

L.62.

2.28

1.10

l.5r
L,37

2.O4

1.16

0.88

L.3lþ

L/ îor compari.sons between treatments see appendix L7 .
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At 3OoC strain 95Cú was besü in combi-nation with all
varleties. There *e"e ,ro' significant differences in dry

weighbs and nltrogen contents of plants when different
t^ - --

to the other synbiotic combinations of Leo. Ttith Viking

strains 868 and 95CL3 were the best.
; Leo and Viking at 3OoC were significantly better than ,'-',-1;.'.,: \ 

rnire in combi.r"rro. with the "ar* strain tn t"t*" of 
t''t'l'j""

EmpireincombÍnationwiththesamestrain1nternsof
'ì 

- 
i:i.j-"iÍ-rI ¿ry weighüs and'amount nitrogen fixed. îhe difference '1'':t:',:i,:

between Leo/g5CL.J and Vikine/g5t]-3 was also significant. l

:

4¿'3QoC the dry weights and nÍtrogen contents of plants

vJeresignificant1ysna11erthanat2h.oa.on1yt,eo/g5cl3

I was not significantly dlfferent aü these root temperatures. 
.

ì the uninoculated nitrogen control plants had signÍfi- 
i

cantly higher dry weights than plants which hrere dependent 
i

:

on symbiotic nitrogen fixation at aII root temperatures" i

ighest dry weights of nitrogen control plants were 
,,.,r.:,i:,

obtained at 30oC. At 18o and z:lço1 the dry weights were l¡r1;;.

i,....;,,,:
' smaller than at 3OoC buü the dÍfferences were Dorr- :'"',,.1"

significant wiühin varieüies. At 90 and 12oc ühe dry

weights were signif icantly smaller than at I8o , 211'0 or
,, 3OoC. At all root temperatures Leo and Viking were -'ì'¡':

iÍ:.f.r::::: i

superior to EnpÍre when combined nibrogen was given to
plants.

Ihe interacüi.ons straln x varlety, ternperaturs x i

strain and temperature x variety Ïrere significant. Also 
L.;,,,,,r.,,,

the second order interactj-on was significant liì'r.ri

t.tAppendices 2 and 3).
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DISCUSSION

The dry weights and nibrogen contenüs of plants

were highest at root temperatures 2lro and 18oC (optimr¡m

temperaüure) v¡hen the plants were dependent on synbioti.c

nitrogen fixatÍon o,Ehis has'been "also notf.ced'-r,ol-i.Ë-]i' other

species (18, L9t 20, 3L, t+4t 521 . There v¡ere significant
dÍfferences between the symbiotic conbinations aü these

root temperatures. Strain 867 was most effective v¡ith

the three varieties aü lower root tenperaüures (tZo, ISoC)

whereas at 30oC iü was as effective as other strains.
Enpire/P, Leo/868 and Viking/g5cJ:L grew very weII aE 2lçoT.

teo seemed. to perfornn better at Zt+o0 ühan at ISoC whereas

Empire and Viking did equally well with many sürains at
boüh temperatürsso Pate U+7 rl.,81 reported that various

strains act differently depending on t,emperature.

At 3OoC nitrogen fixation of plants was red,uced, and

dry weights were 25 ro 8ffi beLow yields at Ztrol. AII
symbiotic eombinations of Ernpire showed poor growth and.

nibrogen fixation at 30oC. Within Viking greater

variabiliüy was noticed wlth differenü strains. Leo had,

significantly beüter nitrogen fixation and growth with

strains 95CL3, P and L than with strains 95CLl. and 867,-

Strain 95CI3 seemed. to work effectively at 3OoC with aII
varieties. Gibson (19) found that some symbiotic coß-

binations of subterranean clover hrere more effectlve aü

high rooü üemperature (3OoC) than others.
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At po and LzoC nitrogen fixaüion was slgnificantly
less than at 18o or àt+o}. The dry weights of plants were

only 19'to l*J/, at goC compared with yields at Zt+o}. At

12ot the nitrogen contents and dry weights of planÈs

were slightly greater than at 9ot. Although no signiflcanü

dÍfferences in the nitrogen contents of plants within
varleties could þe for¡nd at 90 and 12oC some symbiotlc

combinations of varieties could fix nitrogen up to 1.5

ti¡nes more than the poorest combinationsn Possibly by

careful selection of strain and vari.ety the early growth

of birdsfoot trefoil could be improved. this was also

noticed 1n a study witlr subterranean clover by Gibson (19).

At all root temperatures the symbiotic combinatlons

of Empire seemed to be much poorer than those of Leo and

Viking. Leo was usually somewhat better ühan Viking when

the same strain of Lotus rhizobia was used.

The n1ürogen control plants of these three varietles
grew significantly better than those depending on symblotic

nitrogen fixation at aII rooü temperatür€so Earlier reporüs

indicate that the best symbiotlc combinations of T. sub-

glglegg L. can have equal gror^¡th t-o nitrogen control
plants (t8, 19120). The dry weights of niÈrogen control

plants were greatest at 30oC where nitrogen fixation was

usually reduced.

r\i.

::',

tl,!!rr il.¡
Ì!a:':,:f::l
l.i 1 : -j;
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AIl lnteractions were significant. This would suggest

thaü the early growth of varieties depended to a large ex-

tent on both Rhizobiun strain and rooü temperatureo

The temperature x variety Ínteraction was mainly due to ¡i;,;:...:¡,

a smaller increase for Empire between low (9o, L?oc) and

optimum temperatures (t8o, Zho}) than Leo and Viking. AIso

between l8oand ?I+oC Leo showed a consi.d,erable increase

whereas Ernpire and Viking had smaller increases between

these temperatureso

The temperature x strain interaction was due to

üemperature sensitivity of most of the strains. .Aü 
go

and 12oC differences between strains were snall. Strain

86? performed consid,erably better at 18oC than other

strains. Again at 3OoC strain responses varied greatly

95CL3 being the besË one and L and 8ó7 the poorest ones.

Significant interaction was also present between Lotus

rhizobia strain and trefoil varÍety. WiÈhin each variety

ühere was at least one symbÍotic combination which seemed

to differ from others. This was also reported by Gibson

(18119 ,2L). He demonstrated a significant interaction

beüween R. trifoliÍ and. T. subterraneu{n. He states that

this is a common phenomenon in this species.

i.,,:,.:,:.-... , ".¡ :.: :.. - r.'._ '
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The effect of Lotus rhizobia strains on the growth

under fieldand nodulation of Lotus corniculaÈus L.

conditions.

ABSTRACT

The growth and nodulation of two birdsfoot
trefoil (toius corniculatus L.) varieties, EmpÍre

and Leo, during the year of establishúent was

studied in the field. Plants were inoculaüed

with each of four Lotus rhizobia strains. Four

weeks after seeding about )2f, of the plants

bore nodules. After seven weeks practically all
plants were nodulated and nitrogen was being

fixed. Plant d.ry weights and d.ry matter yields

Ìnrere greatest with Rhizobium strain }5CLL which

forrned large nodules on each host. VIith straÍn
P many srnall nodules were forraed, and yield.s were

lower.
, .:_

t:
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INTROpUTTï0N

The early growth and development of birdsfoot trefoil
(Lotus corniculalqg L. ) is slow. Seedling vigor is poor

and establlshment of new stands is difficult. Nodula-

tion of this forage legurne has been unsatisfactory in
many areas. The root nodule bacüerÍa symbiotic with
birdsfoot trefoÍI belong to a specific group of

Rhizobium (1r8113). The effect of several environmental

factors on the growth and nodulation of birdsfoot
trefoil was studied by iul"6"" (3grl+Or41). Lynch and

Sears 137 r38) reporüed variatíon in the nitrogen fix-
ing efficiency between strains of Lotus rhizobla and

in their response to fertitizer treatments (tarMgrPr'K).

Kunelius and Clark (3t+l found that the early growth

and nitrogen fixation of birdsfoot trefoÍI is dependenü

on variety, strain of Lotus rhizobia and root tenperatürêo

The present study was conducüed to test ühe effecü of '

some of these Lotus rhizobia strains on the early
growth and nodulation of birdsfoot trefoil under

field conditions.

.l

.....-..

':
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MATERTALS AND }ÍETHODS

The experiment was conducted at MacGregor, Manitoba

on an Almasippi fine sandy loam with a pH of 7.7. The

experÍmental area was fertilized with 62 kg/ha of KrO

as murÍate potash (0-0-60) and 6z xg/na of P2o5 as rriple
superp hosphate (0-+¡-O) Uy broadcasting on plots. The

.nitrogen content of the soll was ': L5 ppm NOiN .

The birdsfoot trefoil varieties used were Empire and

Leo sown at 7.O kg/ha. The seed. was surface steritized
with 95f, eþhanol for five minutes and rinsed üen times

with sterile, distilled water before inoculation.
Four Lotus rhiäobia strains, 867, 959tt, g5CL3, and

P were used. Each strain of rhizobia was grourn

separately in 500 nl flasks as shake culture by using

!' .,

100 mls of nutrient solution: K2HPO4 O.5 S/L, l{gS04

7H2O O.Z g/L, EaÇL2: O.L g/L' Fetl'
IO.0 e/L, yeast extract l.O g/L.

elements were added (19).

6.0 ng/L, nannitol

One nL/L of trace

One ml of each Rhizoþium culture in log phase was

transferred üo these flasks. Shake cultures were grown

for 7 days at ZS}C in darknêss¡ After this 35 m1s of
uncontaminated broth was added to each 100 grams of
sterile (gamma irradiated) peat which was neutralized

with a fine grade of CaCO3. The treated peat was kept

for two weeks at room temperature after which plate

count and a plant infection technique (L) Índicated
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that the number of rhizobia

The acid production of each

Norris nethod (l+5| .

ín the på"t was Io9 /gram.
strain was checked by the

Before inoculation the seeds were made stÍcky by

mfxing them with h5/" ftr/v) eun arabic suspension. The

peat was mixed, wiüh the seed. one day prior to seeding

with a V-be1t seed.er on June 3, Lg6g, Seeding depth

was about I crn. AIl equipment was steriliz ed, wiiln 95/o

ethanol prior to use, The experirnental design lras a

split-plot randomized block, replicated 5 times, with

Rhizobium strains as main plots (/+.8 x 2.1 m) and

varieties as subplots. There were four rows in a sub-

plot with a 30 cm space between rows. the distance

between main plots was 1.? m. To check for the presence

of Loüuq rhizobia uninoculaüed Leo seed was grov¡1 1n

pots containÍng ühis soil 1n the greenhouse.

The plots were sampled l¡,, / and 10 weeks after
seeding, with 30, 30 and 25 plants respectively being

the nunber dug from inner ror¡Js. The percent nodulatS.on,

number of nod.ules per plant, weight of nodules per

plant a nd dry weight of shoots were recorded. the

experimental area was handweeded three times during

the sutrmer. Percent dry matter was deterrnined after
drying 800 grams green material at SOoC for 2b hours'.

Two inner rows of each sub-p1ot lrúere cut Sept. 8, 1969

to determine dry matter yield.s 'li',( kg/hd,.

ir :: ,
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Protein content of the tops was determíned by the

Kjetdahl method (¡u x 6.251 . The data was subjected

to an analysis of variance and D¡ncanfs new multiple

range test was applied to measure the differences

between the treatments.

Ì: -.'

l:.':.
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RESULTS

Four weeks after seeding 86 to 97/" of plants bore

nod.ules or rrodrrle formation had been inÍtiated (tabIe 3),
No significant d.ifferences i.n percent nodulation between

straj.ns of rhizobÍa or varieties could be found (Appendix

l+). However, a higher proportion of the total plants of

both varieties had no nodules and ferver pl¿nts bore 3 or

more nodules when g5CL3 !ûas used ühan with other strains
(nig. 6). Most plants had nodules only on main root
(Tab1e lr) and some of these were pink in color j

After seven l.weeks of grol,r0h all plants were well

nodulated. No sígnificant differences in percent

nodulation could be found (Tab1e 3). At this stage

many nodules were pink in color and plant leaves ï¡ere

dark green indicating that nitrogen ïIas adequate. More

than half of the plants had nodules on laterals as well as

on the main root (Table 4). Over ?5/" of L,eo plants had 5

or more nodules v¡hile for Empire this value rniäs about

5O{" (fig.7). Both varieties wÍth strain P had 100%

nodulatj-on. l,[ore plants bore 5 or more nodules r,¡hen

Ínocul-ated with P than with other strai.ns .

In ten weeks aII host plants bore nodules i.e.
percent nodulation was LOO% (Table 3). There $Iere no

significant differences in the number of nodules per

plant between the symbiotic combj-nations (taUle 5).

| .:,: - r:

,t\":ì,, jr'



lab1e 3. Percent

strains

Strain

Empire teo Empire Leo Ernpire & Leo

100.0

95cLL 9L.5 a 92.7 a 97.6 a 96.9 a 100.0

g5cL3 87.0 a 86.r a 93.9 a 98.0 a IOO.O

P 97.1+ a 92.O a 100.0 a 100.0 a 100.0

nodulation of varieties
of Lotus rhizobia

t+710
Sarnpling time weeks after seeding

1/ Duncanrs new multiple range tesË: within each sarnpllng values with

the same letter are not significanùly different (P - .05).

Empire and Leo inoculated with

92.5 91.1 97.5

trìiÌ
;i,,)

ifi
i'.4Ëi

:i';:'Ì. riÍii,i(Ìl

r:i i
.11
l;t!l'

iirl
itl
it:.1

. irl
iiL:
,!.9

i,rr
rrtì
.Ji
:ll:j
ii:ii:! '
i:;:
iiìr;

ì.fi

tl
i:$i

:1¡)
::J

;'tf

i¡i

iil
r':l:"j

ä riiì
:Ïi
::Ll
{).¡

::,t;l

, iii
'i-{
',i.é
r::iT
:'lii
r'41

l{'l
..fi
]l:!
ri:'i
ìr.l
¡i;i
;t:)
:ij
ii
.ii.1
l(r
;¡)ì

a.l

;11;i
1.t

'lr !:

:.{.iì

,T:.:

:a¡I
r.I¡9!
.5)ii

+.1
+.1
lí11

1:ii
*rl
'.ùt

.lil
,ii.ì

. ":!r

98.6 100.0

'i.. 
: :' i.. ii



t+T

lable /+. Percentage of plants having nodules on laterals i',',:.:;,,,,,

Strain SamplÍng time '. weeks after seeding

Empire Leo Empire Leo

867 2.3 L.7 53.6 76,6

95CLL I.I 2.t+ l+6.0 78.0

g5CI3 O.7 2.t+ 5?.O 76.9

P 1.1 o.g 57.6 89.5

Mean 1.3 1.9 53.6 80.3

l: : ::.::1,.:

il .':, : l:'



Øt-z
J
o_

t-r-
O
t!
(9

t--
z.
LJJ
c)
É.r!
o_

ir*.i,-{,i¿¡i.:,:',,.:r'i.: Ìiâ, jÌiÊjí¡.i+i{i'r:i"Ìirii;+;ifi,tn:

30

10

s0

30

10

30

10

0 1 2 3-4 5- I 0 1 2 3-l'5- I
NO. O F NODULES PER PLANT

Figure 6.. Percentage of plants having different number of
nodules four weeks after seeding, 867, 95CL]-, 95Cl3 and

P are the strains of LotuS rhizobia. I:initiating nodule(s
lrrì si.hl c, . nqn-funetÍ.pnnl,],. ,,

lai 
'..1'.1

EMPI RE

95C11 95C1 1

95C13 I5C13

0 1 2 3.4 5- I



EMPI RE

95C11

I+9

0123-45- 0123-45- 0123-45- 01 23-45-
NODULES PER PLANT
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However, Leo with strains 95CL3 or P had more nodules

per plant than with strai.ns 867 or 95CLL. Fresh weight

per nodule varied significantly between the symbiotic

cornbinations. StraÍn }5CLL with Leo had signif icantly i,,,,

bÍgger nodules than oüher strains with Ennpire'or Leo

(TaUIe 5}. The interaction between the strain of

totus rhizobia and variety was significant (Appendix 5). i, ,
l: ::;

Significant differences between varieties in average

nodule weight per plant were noted. (,Appendtx 6). Seven

weeks after seeding the average nodule welght per planü

of EmpÍ.re vúas only 3Ø, tnat of nod.ules on Leo. Two

strains, 95C11 and 95CL3 , wÍth Leo produced significantly
more nodule mass than any strain with Ernpire (traUle 6).

!üithin Empire or Leo no sbrain appeared to be superior to any

other " after seven weeks of growth.

Ten weeks after seeding the nodule mass of Empire

plants was about half of thaü of Leo (Tab1e 6). Ill
combÍnation with 95CI1 Leo had a significantly higher

nodule weight per plant than Empire with any strain.
ifÍthin each variety sürain effects were not significantly
different. The greater nodule weight per plant of Leo

was due to a higher nodule number and larger nodules. l'ii:¡.:

IÌ;i;::ir

l:r',.
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Table 5. Nurnber of nodules per plant and fresh weight

per nodule 10 weeks after seeding

Strain Nodules per Fresh weight mg
plant per nodule

Emoire teo Emp.@
.rI bc 2.45 bc i;ri:ìn..t

gScLl 18.5 a ltg.3 a 2,06 bc lr.8l a ,,:,,¡.,:,::,
|:.i:: :;.::

95CL3 22,O a 27,6 a L.23 c 2.1+6 bc 
l

P 21.8 a 29.2 a !.6t+ c 2.23 bc

Mean 2O.2 Zt+.tt, L.76 2.99

i

i

1rl Duncanrs new multiple range test: values with the j

same letter are not significantly different (P - .05).

l.:. .r:.

.. :'
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Table 6. Average nodule weight mg/plant 7 and 10 weeks

after seeding.

Strain SamplÍng time weeks after seeding

IO

95cL3

P

Mean

L6.9 a 26,7 b 66.5 ab

L5.L 3h.6

'tal::

Empire Leo gmpire teo

9.4 b '57 'O ab

gScLL 5.8 b I8.0 a 36.3 b 97.L a

5.6 b

5.6 b

5.5

ií.1+ aU 36 ,O b 62,1+ ab

70.7

"1rl Duncanrs new multiple range test: wiühin each

samplÍng values with the same letter are not

signÍficantly different (P . .05).
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The dry weights of {Ï,eo shoots four weeks after
seeding vrere greater than those of Empire (Table 7;

Appendix 7). The shoot dry weights of Leo plants at the

second sanrpling (7 weeks) were considerably greater than

those of Empire (fable 7, Appendix 7). Leo inoculated

with strains g5lll and 95CLi had sÍgnificantly heavier

shoots than did Enpire in þombination with any strain.

. Straín effects within varieties were not significantly

äifferent. Similarly ten weeks after seeding the growth
' of Leo was superÍor to ühat of Enpire (taUle 7, Appendix

¡

8). Although both varieties had the highest shoot dry

weights when they were inoculated wit}3 95CLL differences

within varieties v¡ere not significant.
The variety Leo produced significantly more dry

matter (ke|na) than did Empire (Table 8, Appendix 9),
Ín the fall of year of seeding. Strains of Lotus rhizobia

did not significantly alter dry matter production within

varieties. However, strain responses varied with variety;

Leo in combination wÍt]n 867 or 95Cl-]- prod.uced. significantly

higher dry matter yields than d.id Empire inoculaËed with

or 95CL3.

The average protein content of shoots of Empire and

Leo was not bignifícantly different (Table 8). Strains

were by contrast sfgnifi.eantly different (Appendix 9).

l.:ii-,.:
I ìjri:.r:ìì
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Table 7. Dry weights of shoots in mg l¡, 7 , and 10 vreeks after seeding

Strain

Empfre Leo Empire Leo

86? b.5 a 6.7 a 26.1+ b 115,8 ab 2l+7.4 b 302.0 ab

gSCLl 7.O a 7.8 a 33.2 b 58.0 a 27L.0 ab l+2L.5 a

95CI3 3.7 a 7.9 a 27.3 b 57.t+ a 214.1 b 318.I ab

P 4.1+ a 5.L a 26.9 b 43,9 ab 208.3 b 337.9 ab

b7r0
Sampling tíne weeks after seeding

Mean

1/ Duncants new multiple range test¡ wiühin

letter are not significantly different (P

l+.9

:ì:::'iî:

,l;','¿ l

6.9 28.5

il

5L.3

each sampling values v¡ith the same

= .05).

235.2 3l+l+.9

\tr
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Table 8. Dry matter yields (tre/ha) and proüein content

of shoots lin percent (m x 6.?5IJ of two

varieties of bÍrdsfoot trefoil in the fall of
year of seeding.

Strain Dry Matter (ke/na) protein conËent $l ìrr 
'

Empire Leo EmpÍre Leo '-i,.,,
i'ttì '"" '

ISCLL 1876 aUc 2t+55 a 17.8 b 18.6 ab

95CL3 1¿r2l+ bc 2328 ab 20.3 a 19.1 ab

P L3l+3 c 2160 abc 18.3 ab I9.5 ab

Mean L563 2327 Lg.z Lg.z

1/ Duncants new mulüiple range test: values with the 
I

same leüter are not significantly differenü (P = .05). ¡",,,,

t; t.

'.;r.:ltiì1
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$Iithin Empire shoots of plants inoculated with 867

and 95CL3 contained significantly more protein than

shoots frorn plants inoculated with 95CLl.. ll,ithin Leo

differences were not significant.

i::.:,riji:

Ì::: 'I:
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DÏSÛUSSION

Most (86-97%) of the plants of the varieties Empire

and teo had 1-4 nodules on each main root four weeks

after seeding. Although lnitÍalIy nodulation of both

varieties was slowest with strain 95CL3 dry weight per

plant was not decreased, sÍgnificantly. Seven weeks

afËer seeding all plants were equally nodulated regard-

less of strain of Lotus rhizobi.a used.

lrr+|:¿:l

Variety differ- i:::,.''
l:1 '

ences in nodulaüion were large; seven weeks after seed-

ing ?2-8ø, of plants of Leo but only 3?-55/, of Empire,

had 5 or more nodules on lateral roots. For Empire

nodule fresh weight was smaller than that of Leo.

With strain P both varÍeüies tended to have many small

nodules and the growËh of plants r^ras poor. Fewer but

larger nodules vrere formed with strain 95C11 and this
coincided with higher plant dry weights and dry matter

yieLds. Large nodules have been found to be most

effective i.n terms of niürogen fixat,ion (37).

Frorn the beginning teo appeared to grow faster than

Empire. Dry weÍght per shoot and total dry matter pro-

duction were both considerably higher for Leo than for
Empire. Within varieties strain effects were not

significantly different, in üerms of dry rnatter production.

However, the protein content of shooüs of Empire varied

significanüIy in cornbination with differenü sürains of
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Lotus rhizobia. this seems to support our earlier find-
ing (3Iþ'l u¡hen under controlled conditions considerable

variation was noted between strains. A hail storm eight

weeks after seeding darnaged the plants a little but the

recovery was rapld and results were not influenced.

fn this experÍment the soil pH was 7.7. All four
strains were acid producers and formed effective nodules

on host plants. This observation supports the work of
Brockwell eü aI. (5) who found that Rhizobiurn from L.

corniculatus is suited to acid and alkali conditions.
McKee (39rt*O) also found thaË good nodulation was

obtained at pH range of 6.2 to ?.5. The absence of a

native competing populatÍon of Lotus rhizobia plus a

heavy rate of inoculum probably contrÍbuted to t,he high

incidence of nodulation.



l^:+lti:-ìl ¡: ;+ l;i,:,.:r;"i
F4rr:tar:+-'..\'

59

3. The effects of sone herbicides and a

crop on the growth and nodulation of

L. under field conditions.

companion

Lotus cornicul-atus

ABSTRACT

the highest birdsfoot trefoil (Loüus corniculatus L. )

dry matter yíelds were obtained when benefÍn, EPTC or

2r&-DB * dalapon u¡ere used as weed conürol. Benefin

and EPTC effectively controlled grassy weeds. For Leo

treated, with EPlû or benefin and, for Empire treated.

with benefin percent nodulation and nodule fresh

weights per plant were lower than Ín the check in the

early stages'of development. Later nodulation was

satisfactory.
2'L-DB t dalapon controlled both grassy and broad-

leaf weeds. Percent nod.ulation or nod.ule fresh weighË

per plant were not reduced. Paraquat v¡as unsatisfacü-

ory as a weed control when sprayed after ühe emergence

of weeds before the seeding of trefoil. A companion

e.rop depressed the growth of birdsfoot trefoil and

nodulation was poorer.

l:j'
í¡:
:

i

l.

i::",.,,.:..: . :,:
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TNTRODUTTTON

In the establishment of pure birdsfoot trefoÍI
(Lotus qprniculatus L. ) süands selective herbicides

have been used to control competing weeds. Satis-
factory results have been obüained by using_ eher¿icaIs

alone or in cornbination with culùural practices.

Dalapon alone gave almost compleüe control of
grassy weeds wiüh little or no injury to the legume

(5lrr55l . A combination of 2rl+-DB + dalapon has been

used to controL both grasses and broadleaf weeds

(t+9r51+r551 . The nod,ulation of birdsfoot trefoil was

not reduced by dalapon at the rates of 6 tAs/acrs (é.6Y5[na)

less (33'l . GarcÍa and. Jordan (17) showed that zrt+-ÐB

alone or in combi.nation with dalapon reduced nodula-

tion and decreased the efficiency of nitrogen fixation
in birdsfoot trefoil. This rlras a result of plant damage

and abnormal root growth caused^ by 2r4-DB. Some injury
Ëo birdsfoot trefoil was caused by?r¿l-DB (trg) or by

?rb-ÐB * dalapon (60). EPTC has been noticed. to con-

trol effecüively annual grassy weeds (3 5136) or grassy

and, broadleaf weeds (60).

Companion crops significantly reduced stands and

yields of birdsfoot trefoil (54r55]-. The depressing

effect of shading or plant compeËition on the growth

and nodulation hras greater in birdsfoot ürefoil than

ln alfalfa and. red clover (1Irl¡O).

or

iì:r:.-l!

il'ìi::.'r'-:,
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ïn thÍs
or an oaf

nodulation
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experiment the effect of using herbicides

companion crop on the establishment and

in pure trefoil stands was studied.
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MATERTALS AI{D METHODS

the experiment was conducted on an Almasippi

sandy soil at MacGregor, Manitoba. Plots hrere

fertÍllzed wlth a broad^cast appllcation of 62 kg/ha

of PrO, as superphosphare (o-l¡-o) and 62 tq/ha of
K20 as muriate of potash (0-0-60). The soil had a

pH of f.l and a niürogen content 11 ppm NO3-N .

The birdsfoot trefoil varieties Leo and Empire were

seeded with a Planet Junior on May 28, L969. Seeding

rate rvas 7.6 kg/na with J0 cm between rows. Seed,ing

depth vras approximat,ely I crn. Seed was inoculaüed

with a commerci.al inoculurn at ten times the recornmended

rate. the seed was made sticky with a 46/, (r/u) gum

arabic water suspension before mixing with the inoculum.

The comrnon weeds were:

Green foxtail - Setaria viridis
Red root pigweed - Anarantbus retroflexl¡s i,¡,,,'

., ,.

Laribls quarters - Chenopodium album ,,,,,,:,:

i -.: '::a

Ulild radish - Raphanus raphagistrum

Wild buckwheat - Polygonum convolvulus

Iuiustard - Brassica sp. i

The following treatments were used.! i':'r':;":

(1) theck, where no herbicides b¡ere applied
(2) Companion crop, Siourc oaüs 5A kg/ha, sown between

the rows. This was harvested in August 2! months j,,,,,.

after seeding by pulling the plants from the soil. .:,:.'ir':
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(3) EPTC (ethy1 N, N-dipropylthiolcarbamate) applied

at lr .l+ kg/ha actÍve ingredient five days before

seeding and íncorporated wÍth the soil immediately

by using a rotavator.

(¿+) Benefin (u-butyr-N-ethyr - f, frL"rifluoro-2,
6-dinitro-P-toluidine) at 1.3 t/ha acbíve ingredients'

This was also íncorporated with soil.
(5) Paraquat (t,11-dimethyl-¿l,lrt-biPyridinium) was

sprayed eight days after seedíng of other plots

aü the rate of 7 "O kg/ha. The weeds were at

the two to four leaf stage. Seeding was done

two hours later.
(6) 2rt+-DB (trQ,&-dichlorophenoxy) butyric acid) +

d,alapon (ZrZ-diehloropropionic acid) applied 23

days after seed,ing when weeds were at the 3-5

Ieaf stage. The rate of application was 1.113

kg/ha 2rb-DB + L.67 kg/ha dalapon actÍve

ingred.ient. AIl herbicides were applied at'

450 liters of water/ha. i ,'
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The experÍ-rnental design !,¡as a randomized, t+

replicaüe split-plot with varieties as main plot
and herbÍcldes as sub-plots. The sub-p1ot size 

j,:..,,.,,,.,

was 2.L x &.8 mo

fnitial esbablishnent of Empire was poor d.ue in 
:

parü to damping-off . stand counts were taken on 
l,.,ir,r::JuIy 31, 1969. During the sumrner several heavy ì,,,:.,,,.,,,

' 
t 

"" 

; 
''

stands bub the prants recovered werl. l1¡:'"':r'

I

Sampling was done 6, 9 and 12 weeks after i

seeding. Respectively 50, 25 and.10 plants were

taken from the five inner roïrs of each sub-plot.
Samples were later exanined in laboratory. Two

center rows were harvested (0.6 x l+.5 nl September

I at which time Leo had reached, the full bloom

stage and Empire was ,in vegetative stage. Dry

¡¡atter percentages were computed from an'800 gram

subsarnple. Additional subsamples of 600 to 800 S

were hand separated üo deternine botanicar cornposition.

t: .t 1 ..: ::; ,;:, t:i
l: 1; 1:¡ì. .:

ì1.r ì: _ 
: t.
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RESULTS

After si.x weeks of growbh there were significant
differences in pereent nodulation between the treat-
ments (TaOle g, Appendix 10) . In parüicular within ,,,;,,,,,,,;,,

the variety Leo plants treated with paraquat had

sÍgnificantly nore nodules than did other treatments.
The differences between other treatments were not 

1,:.1:,,,;,,,significant. Itühere herbÍcides were incorporated t,',":',t:'

wiüh soil (npfC and benefin) nodulation appeared r,:., ,,
', :,:.: :,:

to be poorer than in the check. Similarly, Empire 
l

on benefin treated plots was also poorly nodulated.. l

NÍne weeks after seeding Leo showed considerably
greaternodu1ationthandidEmpÍre(tab1e9,Appendix

1O). Differences âïîroog-.. treatments were not 
i

I

significanü although the percent nodulation agaín appeared to T

lower when EPTC or benefin were apptied and highest

where paraquat was used. Twelve weeks after seedlng

all plants had nodules.

Nine weeks after seeding the nodule fresh weights

per plant of Leo were considerably higher than those.

of Empire (Tab1e I0, Appendix 11). lfithin varietÍ.es
differences between treatments were not significant.
For the varÍety Leo nodule fresh weights were highest

in the check, paraquat or 2r4,-DB + dalapon treated
p1ots. l'fithin Empi-re differences between Èreatments

were smaIl"

6r



Table 9.

ÎREAIT{EN1

Percent

and Leo

nodulation

6, 9 and 12

Check 27.7

Companion crop 28.6
(oats)

EPTC 33.8

Benef in l.8.7

Paraquat lþ6.5

2 rlr.-DB-Dalapon 36,O

Empire

of birdsfoot trefoiÌ varieties Empire

weeks after seedi-ng

6

L/

Leo

b

b

Iviean

37 .L

46.3

26.8

30.8

72.6

1+O.9

l+2.1+

b

b

ab

b

b

ab

1/ Duncants

with the

Empire

9

3L.9

b

b

a

b

6L.g

65.5

61.0

62.b

78.6

70.5

66.6

Leo

new multiple range

same letter are not

ct

a

ct

a

4

ë.

90.2

go.6

78.7

76.8

92.8

8l+.5

85.6

a

cl

a

a

ct

a

Empire & Leo

L2

test: within each sampling values

significantly different (P = .05).

100.0

100.0

100.0

I00.0

r00.0

100.0

100.0

Ot
O.

,::.r':
: i r:J,

iff



Table 10. Nodule fresh wei-ghb mg per plant 9 and 12 weeks after seeding

Treatment

Check

Companion crop
( oats )

EPTC

Benefin

Paraquat

2 r 4-DB-DaIapon

Mean

Empire

9

3.3 b

3.6 b

3.5 b

¿1.& b

5.r b

l+.7 b

4.1

L/

Leo

t/ Duncanrs

with the

23.5 a

I5.2 ab

11.6 ab

L2.7 ab

L9.3 a

19.0 a

l6.g

, rii,it

..,,,]i

new multiple

sarne letter

Ernpire

T2

L37 .2

L32.2

225 .O

2b9 . !+

20L . ¿1.

2O3.O

191.1+

l:¡f .,ì

:li||

range test: within each sampling values

are not significantly different (P = .05).

teo

b

b

238.2 ab

2L4.5 ab

280.7 ab

253.9 ab

393.8 a

275.5 ab

276.L

ab

ab

ab

ab

O.{

':l¡i

.llü
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Twelve weeks after seeding nodule mass per plant

hras greater for Leo than for Empire (table t0).
Nodu1e fresh weíghts per plant were smallest when a

companion crop or no herbÍcide (check) was used,with,Empire,
0nplots where birdsfoot trefoil growth was vigorous

due to effectíve weed conürol (nptC, benefin or 2rb-DB +

dalapon) nodule mass per plant was high.

Differences in nodule fresh weights between varieties

and treatments twelve weeks after seeding were not

signÍficanü (taule 11). The interaction between

variety and treatment was, however, significant
(Appendix 12).

The number of nodules per plant varied considerably

but no statistically significant differences were

observed at this time (Tab1e 11, Appendix 12). The

number of nodules per plant of Leo in EPTC and

paraquat treated plots was higher than in other plots.

Empire had the smallest nunrber of nodules per plant

when established with a companion cropo

Although the number of viable seeds sovrn per meÈer

was same for both varieti.es there lrere fewer plants per

meter of row in plots of Empire (fable 11). Obviously

darnping off in the seedling stage was more serious 1n

this variety ühan in comparable plots of Leo. The

survival of seedlings of ühis slower growing variety

could also have been influenced, by the dry condi-

tions of early sunmer. The number of plants per

i'::".+Yii:':i

ii.::j



Table 11..Fresh weight per nod.ule (*g) and number of nodules per plant
:

12 weeks and number of plants per meter of row 9 weeks after seeding.

lreatment

Check 3.0
Companion crop 3.6

( oats )

Fresh weight mg
per nodule

EPTC

Benefin

Paraquat

2 rl+-DB-dalapon

l4ean

Empire teo

r/
a

a.

é.

a

o,

a

l+.1

3.9

3.2

3.2

3.5

l}.0

3,3

3.2

l+.1

4.6

l+ .1+

3.9

Number of nodules
per plant

a

a

ct

a

a

a

1/ Duncanfs new multiple
are not significantly

Empire

b6.8

37.7

5l+.5

6¿r.r

62.z

62.7

5l+.6

i'ii l

:,:,1.

Leo

a

a

59.9

66.6

9L.7

6L.7

85.8

62.6

7L.l+

Number of plants
per meter of row

ct

a

a

a

a

4

a

a

a

range test: values with the same letter
different (P = .0I).

Empire

',:,r{
'.:t:l

70.3 abcde 10.l+.¿l

56.L cde 97.O

Leo

6I.6 bcde

52.4 de

38.L e

6LJ bcde

56.7

a

a

85.3

g+.o

l+2.5

89.g

85.5

abcd

ab

e

abc

o\\o

H

fi

_$

,'tJ
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meter of row was greatest within both varieties

where no herbicÍde (check) was used. By contrast

bhe number of ptant"-t"u lowest in ühose plots

treated with paraquat where damping off was rnost
1...: -.:

,-r,.'.,t

seriouso

The per plant dry weight of Leo was greaüer than

ühau of Empire after six weeks of growth (TaUIe LZI . 
i.::,

Differences between the treatments were also signi- .',.'-

ficant (AppendÍx 13). The dry weights per plant 
;,.,:,

v¡ere highest on check plots and lowest on EPTC and

paraquat treated, plots, The growth of both

varÍeties was vigorous on benefin treaüed plots.

Competltion from the companion crop or weeds did

not affect the growth of trefoil at this stage. 
,

i

SimÍlarly after nine weeks Leo had higher dry 
i

weights per plant than did Empire (TaUle 12^ ). These 
l

dryweightsperp1antwerehighestwhereEPTc,benefin

or zrl+-D} + dalapon were usedn the competing weeds i;;¡

in check and paraquat treated plots as well as the ,il':,.

companion crop reduced the growbh of trefoil. 
;:,':::.

Leo produced. significantly higher dry matter yield,s

than Empire under all treatments (Tab1e 13rApp¡L3);For both 
,...,,

varieties yields from EPTO, benefÍ-n and lr[-D} + Llìr"'

dalapon treated, plots vrere consid.erably higher than

from the three other treated plots. Companion crop



Table 12. Dry weighüs of plants

content of shoots (/"1

Treatrnent

Dry weieh9 rftg/plant

$amplÍng time weeks after

Cheek

Conrpanio? crop
( oats )

EPTC

Benefin

Paraquat

2 r4-DB-dalapon

Mean

(*e) 6 and 9 weeks after seeding and protein
in the falI of year of establishnent.

Empire

L/
11.6 bcde

10.0 de

9.5 de

10.3 cde

7.L e

9.9 de

9.7

Leo

20.6 a

19.0 ab

15.5 abcd

20.0 a

13.8 abcde

L7 .7 abc

17.8

seeding

Empire

::;:l
. ,i.r.

..:i.jl

1.;,.),"

1/ Duncanrs

the same

' ; 

'¡!'¡ 'i;liiliì;. ii'
,i;:t;:'1,:i't'
.ì;tì.i;::il

I ):r_it.t',

37.6 de

29.2 e

72.2 abcde

7l+.6 abcde

33.7 e

49.5 cde

l+9.1+

Leo

new multiple range test: within each sampring val_ues with
letter are not significantly d.ifferent (p - .05).

Protein content
of shoot,s

101.7 abc

70,3 bcde

126.8 a

l.O7.3 ab

93..3 abcd

l-Lz.8 ab

102.0

riîi
ùi

Empire

2O.2 ab

2I.2 a

L7 .7 ab

L7.3 ab

19.8 ab

L9.2 ab

l-9.2

Leo

17 .9 ab

19.8 ab

18.1 ab

16.ó b

19.0 ab

L7 .7 ab

18.2

{F

ii

Ë

I

fr
ti
i,

il
Li

ü

ft
lÌj

:iiij

rL,ïi
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reduced dry matter yields considerably. The

significant interaction between variety and treat-
ment (Appendix 15) índicated that the ability of

herbicides to eontrol weeds was also related üo the 
t:.:: :

variety growbh patüern. The effect of the herbicides ':':'::':l

was minimal in the late summer and. weeds could take

over unless the host variety was vigorously compeËitive. 
i,,,::
l: :t,t;'' r !

Broad.leaf weed^s were conürolled, most effectively in ¡.ir,.;'

both varieties with the addition of zrt+-DB + dalapon i,- 1,,

it r': '' '¡ 
-'

(Table 13). Other herbicides did not control broadleaf

weeds very we1l. Generally less broadleaf weeds were ,

present in the Leo than in Empire stands. This would

indicaLe that Leo was eompebitively more successful

than Enpire. Grassy weeds hlere controlled. totally by 
'
i

EPTC and benefin. Z,L-DB f dalapon was also satis- 
ì

factory althoirgh in plots of Empire control was not i
)

complete. 
,

Paraquat applied after the emergence of weed.s ['.'..,. 
.'

l:.:..ij;r::

but before the seeding of trefoil was nob a satis- ir:,':'J:
ì.:::'-:: : :

factory weed, control method. Oat companion crop i '..:

was effective in controlling grassy weeds on1y.

The probein contents of the shoots were highest 
i;,:.r,;,:'

in those plots where an oat companion crop was used, [lil¡:Ë

(Table 12). Since these plants were generally weaker

and at a less advanced. stage of growth it would seem

r --:.:il:'ii-r - :_ jl

li; Lrt.: r':



lable Ì3.

Treatment

Dry

and

raatter

grassy

Check

Companion crop
( oats )

EPTC

Benefin

Paraquat

2 r4-DB-dalapon

Mean

yields (t<e/na) of

weeds in the fall

Birdsfoot trefoil

Empire

L/
5I9 ef

bzt+ f

L579 bcd

Ll+72 cde

6jb aet

139,[ cde

1007

teo

birdsfoot trefoil, broadleaf

of year of establishment

1815 abc

13bf cdef

2667 a

2530 a

L275 cdef

2420 ab

2008

Broadleaf weeds in
the stands of

1/ Duncanfs new multiple range

not significantly different

Empire Leo

797

890

95t+.

947

L227

52t*

890

Grassy weeds in
the stands of

929 a

460 a

Empire Leo

:iC

660

810

95t+

372

698

5L2

90

.o
36

681

355

279

test: values with the same letter are

(P = .05).

a

a

227

55

0

0

66a

7L

L69

\ì
\.\)

riI
,iii
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that the observed differences in protein content

are more a reflection on variety and stage of

development and less a consequence of treatrnent

per s€o

h:4-i;_ ]l?j

I ì: i.::
i-. . -.i:

i, : '::,.Ìjt, i:-'
l::jjj.,-

1.,:' "'i'

!:':.

l':'.::
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DISCUSSTON

In many regions successful results have been

obtained when certain herbicides have been used

in ühe establishment of pure bÍrdsfoot trefoil

süands. The main enphasis in these studies has

been on botanical composÍtion and control of

specific weeds. It has been shown that under

certain conditions nodulation of birdsfoot trefoil

coul-d be affected by the herbicide (17). This

experiment studied the influence of several herbl-

cides on the nodulation and eStablishment of pure

trefoil stands under field conditions.

2rb-DB + dalapon effectively controlled both

grassy and broadleaf r+eeds. After six weeks of

growth the dry weighbs per plant were equal üo the

check and no visible symptoms of damage were

noticed. Some injury has been reported in the tre-

foil stand,s treated. v¡1th zrl+-Dg (¿rg) or with Z..þ-DB +

dalapon (60). In this experiment, however, bird.sfoot

trefoil grew well and dry maüter yields were high.

Percent nod.ulation after six and nine weeks and

nodule fresh weight per plant after nine and twelve

weeks of growth were not reduced by the herbicide

combination used in this experiment. Garcia and

Jordan (17) noticed some reduction in nodulation and

nitrogen fixation of birdsfoot trefoil by 2,I¡.-DB

I :.: :.:
l: ,:.'': 

;

i

.':., -..
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alone or in combÍnation with dalapon.

EPTC and benefin controlled grassy weeds effectively
but broadleaf weeds were not eliminated. However, in
the early sunmer all weeds were under control and

trefoil could grow without competition from other

species. Percent nodulation six and nÍne weeks and

nodule fresh weight per plant of Leo nine weeks

after seeding on EPTÛ and benefin plots were lower

than on the oüher plots. This would indicate slower

early nodulation of Leo when EPTC and benefin were

used. After twelve weeks percent nodulation was

LO}/o within all treatnents. Nod,ule fresh weight and.

number of nodules per plant were high.

The highest dry matter yields were obtained fro¡n

EPTC and benefin treated plots. The growing condi-

tions on these plots r¡rere good from the beginníng

because the weeds were not present. Iater broadleaf

weeds did not disturb the growth of birdsfoot trefoil
seriously because the stands vrere weJ.l established.

Under these conditions vigorous birdsfoot trefoil
stands can be established by using EPTC, benefin or

2rlç-ÐB + dalapon and inoculating the seed wiüh many

effective T,otus rhizobia.

Paraquat did not give satisfactory
Ín trefoil stands when ühis herbicide

weed control

was applied

rf.i.::t..
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after the emergence of weeds in the spring, Tüeed

control was poor and the trefoil yields were low.

Good nodulation was possibly due to more favourable

environmental conditions because seeding was done a 
i.,=.,..,;,

week later ühan on the other Plots.

The companion crop did not affect the growbh of

birdsfoot trefoil dwing the early stages of develop- 
i,,i,,,i,,,

ment. Later companion crop cont'rolled grassy weeds 
"'l'i"'

quite effectively but oats and broadleaf weeds were :;,,::,,,1,

competing w-ith trefoil, plants vÙere weak and yields

were smaIl. It has been shown prevÍously that a l

companion crop will reduce trefoil stand.s fto r5l+r551 . ]

The nodulation of bírdsfoob trefoil seemed to be

ad.equate although later in the season it lvas poorer 
i
I

than on plots where good control of weeds was obtained. 
,

McKee (&O) notieed, that birdsfoot trefoil was not

adequately nodulated if oats, weeds ôr orchardgrass
' .t.: : -:

were competing with the host ptant. Under a1l treat- 
¡',',',,.

ments Leo grevr more rapÍd'Iy than Empire. this was 
::,,:t,..,'

indicated by higher plant dry weights and dry matter "'
yields.

There were differences in protein conbents of 
.,,.':,i,

shoOts between varieties and treatments. These were :

presumably partially due to differences in the stage
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of development. Leo had started blogming and Empire

was in vegetative stage. !'lhere a companion crop or

weeds provÍded competition birdsfoot trefoil was weaker
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ISECTION 3

Discussion of entire research

in Seetion 2

program reported
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GENERAL DTSCUSSTON

The early growth and development of birdsfoot t'refoil
has been studied extensÍvely. It has been observed that

the seedling vigor of this species is poor. The establísh-

ment of new stands is difficult; hoiarever, once established,

birdsfoot trefoil wÍII survive for several yearso

Nodulation failures of birdsfoot trefoil have been

reported to be frequent. l,tlhen soÍl samples !'¡ere collected

from several Manitoba locations (Appendix 1) and plants

were grown in pots 1n the greenhouse effecÈ1ve nodulation

of birdsfoot trefoil was not obtained. 0n1y experinental

areas seemed to contain sorne effective Lotus rhizobia

on birdsfoot trefoll probably due to inoculation of seed.

In order to get a good nodulation of birdsfoot trefoil
under these conditions effective Lotus rhizobia must be

inüroduced into the soil with the seed. @
and L. uliginosus require specific sürains of Lotus

rhizobia ( I , 8, 13 ) . The growth c hamber experÍ-ments, as

reporbed in part one, indicated that all six strains of

Lotus rhizobia used were effective on L. cornicl¡Ie[Þus.

the symbiotic nitrogen fixation had an optimum root

üemperature from 18o to zhoc. Below 18oc and above 24oc

there was generally a decrease in nitrogen fixation and

growth of bírdsfoot trefoil. lÂIith other species the same

kind of sensitivity has been noticed (18r19 r2Or3Lrl+l+1521 .
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At 18o, Zt+o and.3O"C there u¡ere considerable differences

between varieties and strains of leqqs rhizobia. Empire

was slow groi^ríng, whereas Leo and Viking grew faster at

al-l root temperatures. At 9tand. .LzoC differences hrere

smaII between the strains of Lotus rhÍzobia and birdsfoot

trefoil varieties.
In appendix 18 soil temperatures at Glenl-ea Research

Station, Glenlea, I[anitoba are given for Þlay September,

Lg68 and 1969. In spríng and early sumrûer soi.l temperatures

are relaüively low for a long period of time. The behaviour

of strains of Lotus r^ras not studÍed at root temperatures

betwepn 18"and J.zèC. Possibly at thÍs temperature range

differences eould be found i.e, some strains could fix
more nitrogen at lower root temperatures than other

sürains. l"lore effective symbiotic combínations cou1d.

hasten öhe early growth of birdsfoot trefoil under these

conditions.
'Before the symbioti-c nitrogen fixation had started

young seedlings showed "ytlto*" of nitrogen deficiency.

The seed reserves were small and tine to öhe first
active nod.ules was quite long (f ¡-fg days ) . This was a

critÍcal peri.od and many plants suffered or died from

an apparent deficiency in nitrogen.

Later plants receiving combj-ned nitrogen grew much

better than the ones dependent on symbiotic nitrogen

fixation at all root temperatures. This indicates
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Uliat symbiotic nitrrogen was not sufficient'. for o-þtimum

growth of t,refoil -under - these csnditíofls-' Particutarly

under temperature stress at high (3OoC) and low (9o, 12oc)

root üemperatì.rres in general little nitrogen was fixed and

the plants showed. symptoms of nitrogen deficiency. Nltrogen

control plants grew quite well at these üemperatÌlrêSe the

interactions between the three factors were signíficant.

See discussion on page 39.

trn paoer 2,. results are reporbed when four of the six

strains of Lobus rhizobia were tested, under field condl-

tions. Again Leo grel^r faster than Empire. The strain

effects within varieties did not show significant variation

ln terms of dry matter yields although there was a consid.er-

able difference in proüein content of shoots of Enrpire.

Nodulatj.on was satisfactory with any of the four strains.

Only strain 95CL3 showed somewhat slower nodulation at

the early stages of grovrth buü this did not affect the

growth of plants. Although the nitrogen content of soil
was low the colour of leaves Ìüas deep green and plants

r¡¡ere vigorous from the start indicating that nitrogen

was being f ixed. Eight weeks after seed.ing,a hailstorn

damaged the plants slightly buü they recovered rapidly.

the number of rhizobia which is introduced into the

soil with the seed, has been noticed. to be importanü.

, l 
''::

.'.11

r:. ,.i r, -r- 11

i.- '.. '
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Where the native population of rhizobia is high many

organisms per seed are needed, to assure good, nodula-

tion of soybeans by desired strain(s) (6). Under cir-
cumstances where the natíve population of rhizobia is

Iow or there are no effective strains present, introduced

rhizobfa may have to survive in the new environment

possibly for a long period of time before the infection

and nodulation of host can happen. If a high number of

rhizobia is introduced or they are probected against

harmful faeüors, then likely more viable organÍsms

will be present at the time of infection. In this
experiment envíronmental condltlons were favourable

for plant growth, high numbers of effective rhizobia,

were introduced and host plants bore effective nodules.

Possibly in thÍs way the nodulation failures of bÍrds-

foot trefoil can be reduced.

'Þaper 3 '',,reports results of different practiees of

weed contpol in blrdsfoot trefoil'stands. Earlier

reports indicated that zrl+-DB (lr9) or Zrl+-DB -¡ dalapon

(60) caused, some damage to birdsfoot trefoil at its
early stages of development. Nodulabion and nitrogen

fixation could also be depressed (t7). After six weeks

of growth no darnage to birdsfoot trefoil was visible at

the rates of herbicides used. Dry weights of plants

and nodulation utere similar to the check.

i:,,:.:li
l: :.': .'

i;'.;:.'
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2rl+-ÐB * dalapon, EPTC and benefin provided a good

weed control and yields were highest on these plots.
However, some reduction in nodulation occurred when

EPTC or benefÍn were used. This could be due to the

harmful effect of EPTC or benefin and/or a loose seed-

bed, because one week prior to seeding the herbicides were

incorporated by using a rotavator. LaËer i.n summer the

growth and nod,ulation of these plants was excellent.
Because weather conditions were favorable EPTC and

benefin also controlled broadleaved weeds in the early
su¡nmer. ff these weeds are not controlled possibly

2r{-DB can be used in combinatlon with EPTC and benefin.

Although some broadleaf weeds ü¡ere present in stands in
late su¡nmer they did not seriously affect ühe growth of
birdsfoot trefoil.

Surprisingly paraquat controlled weeds quite poorly.

At the time of spraying, weeds were srnall (Z-6 cn) and

obviously many plants started growing afterwards.

In an environment where other species were not compet-

lng good growth of birdsfoot trefoil could be obtained

during the year of establishment. If weeds were not con-

trolled or a companion crop vras used the growEh of birds-
foot trefoil was retarded. Birdsfoot trefoil is a poor

competitor and shading wíll drastically depress the growbh

and nodulaËion of the legurne (ttrt*O r5t*r55).

li t.ì::.. l
iri:1::::'
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By usfng herblcides, inoculating the seed wiüh many

effective rhizobia (tOx recommended rate) and maintain-

ing satisfaetory fertiLity level of soil, good growth

and. nodulation of birdsfoot trefoil can be obtained

during the year of establishment r.¡nder Manitoba conditÍons.
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APPENDTX 1

Isolation of rhizobia effecbive on Lotus cornícul_atus

from Ìvlaniüoba soils

Lgcation

At ühe beginning of June, L967

1,/ Dauphin

z/ ctaastone

3/ Lundar

4/ The Pas

5/ The Pas

6/ swan River

J/ lfabowden

October I1-I5 , L967.

1rl Carbery

z/ Erit<sdale

3rl uriksdale

l¡/ Grosse Isle

J/ Kenora, Ontario

¡.1ì;:.,.:- ,

Ì ' : '::
.i'-:'.: 

.

gurn¡nerfallow r :.:..-:i
1,:: .: 

.: :.,. : 
.

i::: :, .': ,':
summerfallow

experimental area
(Lðtus corniculatus)

naüural ¡neadow :

(Phraem.i'ÞeÞ sp. )

experimental area
(irtä¿icago sp. ) i

i

summerfallow ì
:

experimental area
(Trifolium sp. )

potato

experimental area
(f. corniculatus)

oats

wheat

Lupi-nus sp.

Crop
x

Result
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1

¡. 6/ Lundar

7 / Lundar

8/ I4acGregor

)/ Port'age la Prairie

10,/ settcirt<

LL/ Stonewall

12/ Sylven

1..: <t);?;')
l.: . :'

experimental area +
( L. Oorniculatus )

barley

Medicago sp.

wheat

summerfallow

Medicago sp.
.. :ì. ¡'
i ::i'i, -

newly broken land 1'1',i1

l'i,;.
i. .,."1..,'-

i l:.:rl
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x r no nodulation of L.- co,rr¡içulstus

+ t¡ effective nodulation of L. corniculatus



APPENDIX 2

Analysis of variance of total dry weights of plants in root temperature

experiment

Source of
Variation

TotaI

Blocks

Temperature

Error f
Variety ( V

TxV
Error Iï
Rhizobiurn (

TxR
VxR
TxVxR
Error TfI

Degrees of
Freedom

(r )

1049

9

l+

36

2

I
90

6

2t+

L2

48

810

Suar of
Squares

L5r.Ll+6

o.L56

t+7.494

1.161

25.5Ot+

2.O79

2.252

45.823

6.529

0.83r

2.h6L

L6.86t+

R)

Mean
Square

. , :::.i¡ir r
,'...iîiÌl
' '11l¿:

,:..)t :

:.j1r'.ìr'l I

Variance
Ratio

0.017

1I.87,l+

Q.O32

L2.7 52

o,?60

4.o25

7.637

o.272

0.069

0. o51

0.02r

ïr
ii
i:i

ii

il

t

H

ü

il

I
i;
[t

Í
I
I
il

Level of
Significance

368.29

5O9.62

10.39

L%

0[=9.5fo

366.82

L3 .O7

3.33

Z,l+6

L/"

Lf"

t%

L%

L/"

L/'

CY =8.3/o

Hoo

6{-?.6/o

.:ili
rs)

,j.l'i



APPENDTX 3

Analysis of variance of tobal nitrogen content of plants in root temperature

experiment

Source of
Variation

Tota1

Blocks

Temperature

Error I
Variety ( V

T xV
Error II
Rhizobium (

TxR
VxR
TxVxR
Error fIï

Degrees of
Freedom

(r)

899

9

l+

36

2

I
90

5

20

10

40

675

Sum of
Squares

59.f.L+L

0.098

3b.79L

O.5l+2

Lr.o27

2.279

o.go3

0.385

1 .087

0,r88

L.3L2

6.537

R)

Mean
Square

0.011

g.69g

0.o15

5.5r4
o.?85

0.010

o.o77

0.05l}

0.019

o.o33

0.010

Variance
Ratio

578.L5

Leve1 of
Significance

549.30

28.3I

L%

rr,

L/'

CV -26.80/o

7.96

5.6r

l.g5

3.39

L/,

L%

5/"

L/"

CV -ZL.qo

Ho
H

,.;i. . :'

cv 
=2L,5%

ñ
':.r:

: rlil

:i]i



Analysis of variance of

inoculated with strains

Source of
Variation

L/
Total
Blocks
Strains
Emor f
Varieties
Strains x Var.
Error II

Total
Blocks
Strains
Error ï

Vari.etÍes
Strains x Var.
Error ïf

APPENDIK ¿I

percent nodulation

of Lotus rhizobia

Degrees
Freedom

2/

of

39
4
)

L2

I
3

1ó

Su.n of
Squares

of varieties

4 and 7 weeks

3Lb5.L6
350,60
45L.27
722.31+

0.91
L37 .96

1t+82.18

l*68.t+6
20.76
96.2L

l-o2.3L

L2.77
33.72

202.69

I/ l* weeks after seeding

39
b
3

L2

Mean
Square

Empire and Leo

after seeding

I
3

16

87.6j
L5O.t+2
60.zo

o'9r
h5.95
92.6b

Variance
Ratio

' 
,:..)t t,:

..;"i

iä
nri
iiitrl

fâ

iiJ
liì

iii

[J

iiì
Ñ

H

iii
iii

IT

fi
È:l

ri

ii

2 .50

0.01
0. 50

Level of
Significance

5.L9
32.O7
8.53

L2.77
LL.2l+
L2.67

N.S.
CV -8.5/o

N.S.
N.Sn

cv-L).5%

Z/ Z weeks after seeding

3.76

1.0I
0.89

5/"
0{ -) .ú/o

N.S.
N.S.

CY-).6o/o

Ho
N)

r.



Analysis of

per nodule

Source of
Variation

L/
Total
BIocks
Strains
Error I
Varieü1es
Strains x Var.
Error fI

2/
TotaI
Blocks
Strains
Error f
Varieties
Strains x Var.
Error If

APPENDTX 5

variance of the number of nodules per

in Lotus rhizobia strain test 10 weeks

Degrees of
Freedom

39
I+

3
L2

Sum of
Squares

I
3

L6

L59t+.8V
82.52

329.91+
531+.77

L7 5 .98
6lr.zt¡

bO7.l+L

I/ Number of nodules per P1ant

39
h
3

L2

I
3

16

Mean
Square

plant and fresh weight

after seeding

: -:. .

20.63
109.98

bh..56

L7 5 .98
2L.l+2
25.1',6

Variance Level of
Ratio Significance

69.23
11.19
16.08
6.23

L5.Og
9,73

LL.92

2.1+7

6.gL
0.84

2. 80
5.36
o .52

L5.O9
2.gL
o.7It

N.S.
cv =29 .9%

5{"
N.S.

cv =2?.6/o

2/ Fresh weight per nodule

1o.33

20.27
3.9L

Ll'' cv -3o 3ro

L/;
5lo

Ho\¡)

tV=3 6.Uf'

Ì:ì

:ìlìl



Analysis of variance

strain test ? and 10

Source of
Variation

L/
lotal
BIocks
Strains
Error I
Varieüies
Strains x Var.
Error II

2/
Total
Blocks
Strains
Error ï

.Varieties
Strains x Var.
Error ïf

APPENDTX 6

oi average nod.ule weight per plant

weeks after seeding

Degrees
Freedom

39
Iv

3
L2

I
3

L6

of Sun of
Squares

L935.33
L63.L7
73.L5

bab.2O

939.9+
t+b.65

2go.2I

38Llt+.56
7 578 .77
2665.38
6623 .zu

L3.O57.32
261,,l+.59
55r+5.26

39
l+

3
L2

I
3

L6

l/'l weeks after seeding

I{ean
Square

in Lotus rhizobia

t+o.79
2t+.38
35.35

939.94
14.99
18.1¿r

Variance
Ratio

,-j.i.t ii. L

o.69

5L.82
0.82

Level of
Significance

I894ln69
ggg.46
55t.gb

L3057 .32
ggr.53
346.58

2/ 10 weeks after seeding

N .S.
c'i *57 .7/o

t%
N.S.

6l -t+L.l+/o

:;-i:-

.r'.i:

1.61

)7.68
2.5b

N.S.
CV=l+h.6/o

L/"
N .S.

tV-3 5.3/"

;i:i
li:i

iiÌH F:io tììÈ i:ì.F l-:
i:ii

iÍ
't !'
ri¡

ifi

l'l
ilJ
l:i:

hì

f::

tìì
[;i

iiì
irÌ

ili

lii

i*
t¡
tl

ii
[:

ri
ti
ti

ii
t
ii

'ii*
:':i?,.:tl



Analysis of

test /t and

Source of
Variation

APPEND'T}.

variance of drY weights of

7 weeks after weeding

L/
TotaI
Blocks
Strains
Error I
Varieties
Strains x Var.
Error II

2/
TotaI
Blocks
Strains
Error f
Varieties
Strain x Var.
Error fÏ

Degrees
Freedom

39
l+

3
L2

1
3

r6

of

7

shoots (*S) in Lotus rhizobia strain

Sum of
Squares

L/ 4 weeks after seeding

238.8V
2\..55
38.37
t+7 .8o

38.22
20.23
69.70

39
b
3

L2

I
3

16

Mean
Square

LL5O3.66
2911.01

73O.1+8
1085.82

5207.50
256.O9

L3L2.7 5

Variance
Ratio

6.11+
2.79
3 .98

8.22
6.71+
4.36

3.2L

9.77
L.55

Leve1 of
Significance

727.75243.t+9 2.69
90.l+9

5207.5o 63.t7
85.36 r.ol+
92.O5

2/ 7 weeks after seeding

N.S.
CV -33 .8/o

L/"
M"S..

t[ -35 .4/"

N.S.
CV -23 .qo

L/"
N.S.

cv -22 3%

Ho
\¡t



Analysis of variance

test 10 weeks after

Source of
Variation

Total

Blocks

Strains

Error I

Varieties

Strains x Var.

Error Iï

APPENqÏX

of dry weights of

seeding

Degrees of
Freedom

39

l+

3

L2

I
shoots (*g) in Lotus rhizobia strain

Sum of'
Squares

508321.81

L542L2.56

l+2521+.OO

LO2569.1+l+

120307.81

L2829.L9

75878.88

1

3

L6

Mean
Square

38553.Lt+

Lt+L7l+.66

85tr7.45

L2O3O7.8L

ü,276.39

l+71+2.42

Variance
Ratio

iiii
, t),1

l:liìi
": +i

': :l),
.:;:¡
,iìÍ
:;Í,iilt

;L!
'itil
r'i.:'
. iril

.1iil
ll:tÌ
.,jtil

: irl
:ilt
.,¡'f

::ìi$

iäi
:tì
i,t!r
ù;l¡

i.]]
ft*;
i'.ì.:
i:ìii
i.t{,
"i{i:

$ir
iÍ:l:
.1ii Ì

r!il
iii,

: [(¡

:li!

H tiíi
O iï,
O. ìiii

,.fi!¡tr
rlit
iiii
þ:i:

¡iìj
i,iì
tÐ
þl.l

t]¡
ì::!
+^i

'¡:r
liri
i!14

i{ú
iiil
}}ì
iri
!'a
ii.i
lì¡

tìx
I¡]
ñ
ii
,$ì

Ì:¡i
i:li

ljl
t:¿

l|l

iiÌ
lit
ll¡

:¡iil
. ir¡. .í?

,¿i

Level of
Significance

L.66

25.37

0.90

N .S.

CV'i?L.qo

L%

N.S.

cv-?3.7/o

,,.. .t .:

,,.:i \1



Analysis of
shoots Vù

Source of
Variation

APPENDTX 9

variance of dry matter Yie1ds

in Lotus rhizobia strain test

Total
BIocks
Strains
Error f
Varieti-es
Strains x Var.
Error Iï

Total
Blocks
Strains
Error ï

Varieties
Strains x Var.
Error II

Degrees
Freedon

2/

of

39
l+

3
L2

I
3

L6

Sum of
Squares

2097582t+.OO
92851O1.00

929072.OO
/+ol58o8. oo

5835t+36.OO
141700.00
7686gL.OO

98.23
25.60
20,86
20.85

0.u
9.O5

2L.7O

(kg/rra) and

in the falI

39
l+

3
12

L/ Dry matter yields

Mean
Square

protein content of

of year of seeding

I
3

1ó

'r;illií
'l:! i l
,:.:,.i

232L275.OO
309690.63
33t+,65O.63

5835t+36.OO
L7233.33
48043,19

Variance
Ratio

o.93

rzL.t+6
0. gg

Leve1 of
Significance

6.h0
6.gj
L.7l+

0.17
3 .O2
L.36

N.S.
CV -29 .Vo

L/,
N.S.

cv=LL.3%

2/

': :,,.:

Protein content

l+.00

0.13
2.22

5/,
CY*6.9rio

N.S. 
t

N.S.
cY =6 .L!/o

Ho{

. .:.:
.:lti",



Analysís of varianee

6 and 9 weeks after

Source of
Variation

L/
lotaI
BIocks
Variety .

Error f
Treatment
Var. x Treatment
Error II

Tobal
Blocks
Variety
Error I
Treatmenü
Var. x Treatment
Error II

APPENDTX 10

of percent nodulatíon in herbicide experimenf

seeding

2/

Degrees of
Freedom

l+7
3
I
3

5
5

3O

Sum of
Squares

L5822.5O
1908.02
L330.36
Lt+86.51+

5797.29
L267 .83
4032.41+

L/ 6 weeks after seeding

I+7

3
I
3

5
5

30

Mean
Square

636.oL
L330.36
l+95.5L

LL59.l+6
253.57
Ll.l+.l+L

L322O.87i
Lt+66.96
t+3o3.51+

gg3.L8

l.l+l+O.75
393.78

t+622.63

Variance
Raüio

2.69

8.63
1.89

tevel of
Significance

¿l88. gg
t+3o3,51+

33L.06

288.15
78.76

L5l+.09

N .S.
CV-60/o

L/"
N.S.

cv -3t/,

L2.99

L.87
0.51

2/ 9 weeks after seeding

5/"
CV-21+70

N.S.
l\TAI\ ov)¡

cv=L6/,

Ho
æ.

't: I :,

.\. i:



Analysis of

Source of
Variation

L/

APPENDTX 11

variance of nod.ule fresh weight (*g ) per plant p and, 12 weeks

TotaI
Blocks
Variety
Error I
Treatment
Var x Treatment
Error 1ï

TotaL
Blocks
Varieby
Error I
Treatment
Var x Treatment
Error II

2/

Degrees of
Freedom

l+7
3
1
3

5
5

30

Sum of
Squares

397L.56
46t+.69

L96O.9l+
2L7 .69

zLl+.38
206.81
907.25

rl

l+7
3I
3

5
5

3o

Mean
Square

9 weeks after seeding

'::' i,
:..t::::'.

j.54.90
Lg60.g3

72.56

l+2.88
t+L.36
30.21+

8t527 .t3
3682t+.67
861¿18.06
58693.t3

8bt+7z.jL
386L9.5O
76769.38

Variance
Ratio

t:-i:::

li:tr,il:;i:.'

27 .O2

L.l+2
L.37

Level of
Significance

1227b.87
861¿+8.0ó
Lg56t+.38

L68gt+.46
7723.90
5892.3L

--4
,70

CV -9Td/o

N.S.
N.S.

cv-52%

l+.L0

2.87
1.31

2/ 12 weeks, after seeding

N.S.
cV-6U/o

5/"
N.S.

cvú3fo

Ho\o

i.:,:



Analysis

per plant

APPENDTY' L2

of variance of fresh weight per nod.ule (*S) and number of nodules

12 weeks after seeding in herbicide experiment

Source of
\rariation

t/
TotaI
Blocks
Variety
Error I

Treatment
Var x Treatment
Error II

Total
BIocks
Variety
Error Ï

Ireatlnent
Var x Treatment
Error ïf

2/

Degrees of
Freedom

l+7
3I
3

5
5

30

Sum of
Squares

3L.97
2.31+
2.O9
5.OIt

2.O2
8. 85

LL.62

1/ Fresh weight / nodule

l+7
3I
3

5
5

3O

IViean
Square

VarÍance
Ratio

30589.2O
3069.48
3358.37
5898.87

3I+7L.82
2555.70

L223t+.95

0.78
2.O9
r.68

0.1+0
L.77
o.39

,;'n,?:

L.2b

1.0.l+
l+.57

Level of
Significance

LO23.L6
3358.37
L966.29

694.36
51I.1¿r,
t+o7.È3

N.S.
CV=35,/"

N.S.
L/"

çV =L76/o

r.71

1.70
L.25

2/ Number of nod.uLes / Plant

N.S.
cv =7afr

N .S.
N.S.

c{ú2%

H
Ho



Analysis of variance of P1ant

6 and 9 weeks after seeding

Source of
Variation

L/
TotaI
Blocks
Variety
Error I

Treatmenf
Var x Treatment
Error II

Total
Blocks
Variety
Error f
Treatment
Var x Treabment
Error IÏ

2/

Degrees of
Freedom

APPENDTX 13

dry weights (ng) in herbicide experiment

I+7

3I
3

5
5

3o

Sum of
Squares

1490.61
29L.34
771+.4L
L35.Ol+

L63 .83
20.7 5

LL5.?l+

6b9o6.56
L396.1+O

33L71+.8L
5574.2L

L3t+89.45
L65?.53
g6Lg.52

L/ 6 weeks after seeding

I+7

3I
3

5
5

3o

Mean
Square

Variance Level of
Ratio Significance

93.78
77t+.l+L

l+5.O2

32.77
I+.L5
3 .84

L7 .20

l+65.1+7
33L7t+.8I L7.85
r858.og

2697.89 8.¿+l
33O,5L 1.03
32O.65

8.53
1.08

: ii;rl

5f' 
c,v =t+v,

Lf,
N.S.

c\I-Lt+y'o

2/ 9 weeks after seeding

5%
CY=57%

V'
N.S.

CV-21+/o

HH
H



APPENDIX 1l+

Analysis of variance of number of plants per meter of row 9 weeks and

protein content of shoots in the fall of year of establlshment in herbicide

experiment.

Source of
Variation

L/
TotaI
Blocks
Variety
Error I

Treatment
Var x Treatment
Error II

TotaI
BIocks
Variety
Error ï
Treabment
Var x Treatment
Error fI

Degrees of
Freedom

2/

l+7
3
1
3

5
5

3O

Sum of
Squares

3018'+.61
t085.61
9982.L2
L206.69

LOTO?.'91+
Lgt+g.6L
5857.67

180.87
5.22

L3.L3
7.45

62.97
8.3r

83.79

I/ Number of plants Per meter of row

47
3
I
3

5
5

3o

Mean
Square

, :!i

36L.87
gg82.L2

4O2,2)

2020.59
389.92
L95.26

Variance
Ratio

r:ii!ì,:j,:r

2b.82

LO.35
L,99

Leve1 of
Signifícance

L.7l+
t3.L3
2.48

L2.59
L.66
2.79

il;

5f" 
cv =z&/o

Lf"
N.S.

cv -2o/;

5.28

2/ ProEein content of shoots

l+.5L
0.60

N .S.
cV-}oio

L/'
N.S.

CV-9fo-

H
H
¡o



APPENDTX 15

Analysis of variancê of birdsfoot trefoil and broadleaf weed dry matter

yields in herbicide experiment (LoBtO x transformed).

Source of
Variation

L/
lotal
Blocks
Variety
Error I

Treatment
Var x Treatment
Error If

Total
Blocks
Variety
Error I
Treatment
Var x Treatment
Error fï

2/

Degrees of Sum of Mean Variance
Frõedom Squares Square Ratio

l+7
3I
3

5
5

30

l+.939
O.241+
1. ó09
0.rÀ-0

L.7l+5
O.371+
o.827

l+7
3I
3

5
5

30

t/ B:.rdsfoot Trefoil

o.081
1.609
0.0¿17

O -31+9
o.o75
0.028

o.L26
o.338
0.796

0.¿l1I
0.109
o.I2)

9.371+
o.378
o.338
2.358

2.O56
o.5t+6
).698

r,..,i ..1

i.j:ri.i:l r

3l+.4

L2.7
2.7

Leve1 of
Significance

L/"
CY =7%

2/ Broadleaf þIeeds

L%
5%

0.¿+

3.)
o.g

CV=5/o

N.S.

cVúzfo

5%

N.S.
CV=L370

H
Hw
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Appendix l6.lota1 dry weights of plants (mg/p1ant) at^ r, : /"¡/vv"s-'- åirter"nt rooù temperätures (logrox üransformed) L/

s6? L.328
868 1.1+lo
95CLL r.l+,+0

Empire 95CL3 L.t+7)' L L.376
P L.35L
N-conürJ .928

Mean' L.b72

867 r.685
968 L.733
gScLL L.59'

Leo 95CL3 L.7,58
L L.678
P L.652
N-contn2 .151

Mean L.75O

Variety Strain

867
868

Viking

L.693
L.526

L.595
L,626

L.l+95
L .5L5
1.1+90
L.452
L.53à
L .592
l.8gg

r. 5ó8

1.788

L.7l+L
L.620
1.6/+8
L.7L6
I .6¿+1
I .680
2.225

L.753

L.873
L.763
L.7l+9
r.832
L.738
L.594
2,L50

L.857

2.355
2.LL9
2.207
2.O55
2.L93
2.L27
2,702

2,25L

2.257
2.L59
2.O38
2.LO3
2.OI+L
2.065
2:7t+6

2.20L

1,869
L.7?8
L.7gg
1.886
1.938
2.O)2
2.367

L.gb6

2.282
2.LþLI+
2.29O
2,288
2.37/,þ
2.29O
2.656

2.37L

2.¿LO
2.10r
?.255
2.O3L
2.2L7
r. gg8
2.727

2.220

L.365
L.l+79
r.391
L.l+97
L.l+63
L.l+23
2.b73

L.583

r. 808
2.O75
1.821
2.202
2.05L
L.92L
2.771+

2.o93

1.700
L.gL5
L.733
r.85r
1.871
L.759
2.776

L.9l+4

L.596
L.579
L.572
1.628
1.611
1.598
2,223

L.685

1.991
2.OL3
L.936
2.008
r. gg8
L.937
2.48L

2'o5L

L.920
1.86&
r.858
L.877
L.873
L.826
2.523

L.963

L.777
L.726
L.766
L.736
L.693
L.695
2.L22

95C11 1.616
g5cL3 L.683
L
P
N-contn2 .Ll+3

Mean t.697

L/ Stand,ard error of difference between

Two varÍeties

Two root temperatures with the same or different
varieüies

Two varieties with the same or different strains
of Lotus rhizobÍa

Two varietíes with the same rooü temperature and
strain of Lotus rhizobia

Two root
st'rain of

temperatures with
Lotus rhizobia

0.012

0.028

0,029

o.065

0.066

i:,1È:

li:..i: 
.t'

I t-r ',
!1.,.r
i, ,:.

the same varÍeüY and
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Appendixl?.Nitrogen contents Ç! plants (9g/plant) at differenü
roor remperar""ãI ii"ã;;ï;-+'rT' i,rà""iormed) L/

VarietY Strain Root temperaÈure oC

Mean

Empire

Leo

Viking

867
868
g5cLL
95cL3t
P

Mean

867
868
95CLL
95cL3
L
P

Mean.

867
8ó8
95CLL
95ct3t
P

Mean

o.L56
o,L76
0.187
0.2o5
0.150
0.Il+9

0. r70

o.306
Q.336
o.272
O.3l+2
0.281
o,278

o.303

0.301
0"218
o.?7L
o.29L
O.2l+8
0.273

o.267

o.26?

O.l+29
o.397
0.l}10
0.390
0.348
0.383

o.393

O.371+
o.295
o.325
0.341
o.295
0.309

o.3?3

0.l+gg
O.I+29
0.418
o.bg7
O. ¿+06
0.306

O.l+21+

0.936
o.755
0.807
o.693
o.777
o.7L9

0.791

o.7gg
o.738
o.662
0.691
0.6[0
0.678

0.701

0.51+0
0 . ¿Þl+I
0.487
o.558
o "5730.65)

O,5ll.2

0.939
1.051
o.9?9
o.959
o.g7 5
0.87L

o.954

o.7g?
Q.738
0.87r
0.700
a.777
0.ó19

0.748

0.r38
0.178
o.L76
o.229
0.160
0.151

o.L72

0.360
o.520
0. [03
o.73L
o.h8/+
0.398

0. ¿+83

0.297
o.393
0.360
o.b3g
o.326
0.269

O.3I+7

o.3og
0.300
0.309
O 3t+6
0.310
o.3o9

0.311+

O.591+
0.61r
o.56h
o.623
o.573
0. 530

o.583

0.510
O.f+76
0.1+98
o.492
o.457
0.430

o.477

o.222
o.275
0.280
0.2¿10
O.261+
0.289

L.r

L/ Standard error of difference between

Two varietÍes

Two root temperatures wiüh the same or differenü
varieties
Two varietles with the sarne or different strains
of Lotus rhizobia

Two varieties with the sane root temperature and
strain of Lo'qus rhizobia

0.008

0.020

0.020

0.0þlr

0.0¿Þ5Two root
strain of

temperatures with the same variety and
Lotus rhizobia



Appendix 18.

LT6

Soil- temperatures

Station, Glenlea,

(oC) at Glenlea Research

L{anitoba. May-September 1968

Date Ilay June JuIy August Sepüember

Depth in cm

101010t010

L2.2
11. r
L3.It
L3.g
L3.b
L5 .6
L6.7
L6.7
L3.l+
L3.g
T6.I
L5.O
L7 .8
L6.7
17 .2
L7 .2
L6.7
l6.7
T6.I
L7.8
L7,2
L5.O
L6.7
L5.6
16.1
l.6.7
15.O
L3 .9
15 .0
15.0
Ll+.5

11 .7
10.7
13.l+
L5 .6
Ll+.5
L3 .9
12.8
L2.2
12.8
L2.8
L2.2
10.0
L3 .9
11.1
r0.0
LL.7
12. I
L3.b
12.8
10.0
15.0
L3.9
Ll+,5
13 "912.8
12 .8
Ll+.5
15.0
Ll+.5
Ll+.5

I
2
3
l+

5
6
7I
9

10
T1
L2
L3
1¿l
L5
16
t7
18
L9
20
2L
22
23
2l+
25
26
27
28
?9
30
3L

7.È 6.7
8.9 7 .26.L 6.L
5 .O l+.5
z,j 2.9
6.7 5.66.L 5.O
7.2 5.62.9 3.4
5.0 5.O
3.4 3.9
7.2 6.L
7.8 6.7

10.6 8. 98.9 I .9
lþ.5 l+.5
l+.5 l+.5
3.4 2.9
2.9 2.9
3,1+ 3 .l+
5.O 5.O
6.7 6.7
6.7 6.7
9.5 8.9

10.6 9.510.6 g .5
10.0 8.9
10.o 8.9
lo.o 8.9
11.1 10.0
11.7 10.6

L5 ,6 15 ,0
].6.7 1ó.1
L7.2 16.l
L7 .2 16 .1
18.1+ L7 .2
lg .5 18. lt.

17.8 L6.7
L7 .2 L6.7
L5.6 L5,6
Ll+,5 Ll+.5
Ll+.5 L3.9
16.1 L5.6
L5.6 15.0
L2.2 12.8
L3.9 L3.l+
15.o L3.g
LL.7 L2.2
Ll+.5 13.h,
15.0 L3 .9
15.0 L3.9
L3.9 l-3.h,
L5.6 l.l+.5
16.1 15r0
15.6 L4.5
L3 .9 L3.l+
L3.tþ 12.8
L3 .l+ 12.8
15.0 L3.9
L7 .? L5 ,6
L6.7 15.o
15.0 Ll+.5

L3.g L3 .g
12.8 12.8
L3 .t+ L2.8
LZ .l+ LZ .2
12.8 L2.2
LL.7 11.7
L2 .2 LL.7
LL,7 11.1
10.6 10.6
12.8 L2.2
L3.4 L2.8
l*b.5 L3.l+
L5.6 I&.5
15.0 Ll"..5
L6.7 L5 .6
L6.7 15.0
L5 .6 15. o
l-3.I+ 12.8
1¿1.5 13.¿+
Ll+,5 L3.9
Ll+.5 L3.9
15.0 L3.9
L3 .g L3.9
12.8 12.8
11.7 11.1
10.0 10.0
10.0 r0.0
10.0 9.59.5 9.5
11.1 10.6

l-0.6
9.5

1r.7
13 .9
12.8
L2.2
LL,7
11.1
LL.7
11" 7lr.1
10.0
L2.2
11.1
10.0
11.1
L2 "212.8
L2.2
L3.4
L3.g
L3.b
13 .l+
L3.lþ
l-'2.2
L2.2
L3.b
L3 .9
13 .9
L3.g

L3.l+
11.I
Ll+.5
L+.5
L3.9
l-6.7
18./i
L7 .2
L3.g
14,5
L7 .2
16.1
L9.5
17 .2
17. g
18.¿l
r8,lr
L7 .2
L6.7
r8.g
17.8
L5.6
17. g
L5.6
L6.7
L7 .2
15,0
L3.9
L5.6
L5 .6
Lb.5 ::-¡ i::i:::l:'

l.fr;'

i.jl



Appendix 18.

tL7

Soil temperatures

Station, Glenlea,

(oc) at ÇIenlea Research

Manitoba. Ilay-Sup¿ember L969

Date -May June .lu1y Augusb Sepbember

Depth in cm

10t010l0 10

I
2
3
l+

5
6
7I
9

10
11
L2
L3
1l+
L5
L6
L7
18
L9
20
2T
22
23
2b
25
26
27
28
29
3O
3L

h.5
4.5
Lþ.5

5.O
6.7
6.7
5.6
5.O
3.9
3.h.
2.8
2.8
?o
5.6
7.2
5.6
l+.5
5.0
5.6
3.9
l+.5
5.0
6.7
6.7
5.6
7.2

11.r
11.7
10.6
10.6
1l, r

8.1+
6,7
7.8
8. ¿l

r0.9
10.0

9.5g.g
10.0
LL,7
8.9
7.8
7.2
8.9
8.9

11.l
I0.0
ll.1
10.0

8.¿*
9.5

10.6
11.1
L2.2
12.8
12.8
L3.!+
II .I
12. I
L2.2

12.8 11.7
L2.2 LL.7
L3 "9 12. s
Ll+.5 L3.l+
L3 "+ 12.8
L3.9 L3 .l+
L3 .9 12.8
L5.6 L3 .g
16.1 15.0
L6.7 L5 .6
L7.2 16.1
18.9 L7.8
2o.o 18.9
18.9 18.4
r8. g L7 ,8
L7 .2 L6.7
17 .2 L6.7
L7 .2 L6.7
L7.2 16.1
16.1 L5 .6
L7.2 16.1
17.8 L6.7
17 .2 16. r
L6.7 16.1
16.1 16.1
L7.2 16.1
L7.2 16.1
L6.7 16.1
L7.2 16'I
18.9 17.8
L7 .2 L6.7

8.I
6.7
8.¿+
9.5

LL.7
10.6
r0.0
8.9

11.1
L?.2g.g

8.l+
7.2
9.5
9.5

l.L.7
10.6
L2.2
10.0

8.lu
10.6
11.7
L2.2
L3.l+
Ll+.5
L3 .g
Ll+.5
1l .7
L3.9
L2,2

5.6
5.O
5.0
ó.1
8.,l+
7.2
6.7
6.I
lþ.5
3.9
2.8
2.8
l+.5
6,7
I .l+
6.L
3.9
5,6
5.6
3.9
l+.5
5.6
7.2
7.2
6.L
8.9

L3.!+
L3.Lt
1I. T
11.1
L2,2

16.r 16.1
L7 .2 L6,7
l8.g 17.8
18.9 17,8
18.¿l 17.8
L9.5 17.8
17.8 L7 .2
L7 .2 L6.7
18.1+ L7 .2
18.9 L7.8
L9.5 lB.9
20.5 L9.5
20,o r8.9
18.¿l 17.8
L7 .8 L7 .2
L7 .8 L7 .2
18.9 L7.8
L7 .2 L6.7
L6.7 16.1
17 .2 L6.7
17.8 L7 .2
]-9.5 18.¿r
Lg.5 18.h
20.0 18.9
20.0 18.9
20.0 lB.9
18.9 r7.8
rB.I 17.8
L9.5 1B.l+
18.4 17.8
16.7 L6.7

L5.O 15.0
L6.7 L5 .6
L7.2 ló,1
L7 .8 L6.7
18.1+ L7.2
L7 .2 L6.7
L6.7 16.r
L5.6 15.0
L3.g L3 .9
L5 ,6 L4 .5
L3.Lþ L3.lþ
Lb.5 L3.9
15.0 14.5
L7 .2 L5.6
I8.l+ 16 .1
L3.9 L3 .9
L2.2 L2.2
L2.8 L2.2
L3.9 Ll+.3
15.0 L3.9
L5.6 l'l+.5
15.0 Ll+.5
L2.2 L2 .2
LL.7 LL .7
1r.7 ll.1
TL.7 1I.I
10.0 r0.0
9.5 9,5r0.6 10.0
8.1+ I .9

::',.);t.',: ;,
t.' : 1. r.:,

'-: : .1,'. ..

i.':r:::,j:rr:rt,:


