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- The productivity of pastures’xn'the temperate regions of the

i

world 1s limited largely by the availability of Nitrogen (N).
Nitrogen fixing legqumes have been widely used as sources of N r)
both for 1mproving the soi1l and for i1mproving forage production.
However, very  few measurements have been undertaken to assess the
benefici1al effect of legume on the development f grasses 1n
mixtures. This study was carried out to characterize the
contribution of Nz fixation by alfalfa (Medicago sativa L.) and N
transfer to associated grasses timothy (Phleum atense L.),
bromegrass (Bromus inermis Leyss.), orchardgrass (Dactylis
glomerata L.) and tall fescue (Festuca arundinacea Schréb.) when
grown 1n mixture, using the *15N dilutaion technique under
greenhouse, and field conditions.

The percentage of alfalfa N derived from atmosphere (% Ndfa)
increased throughout the growing sesson and- ranged from 69.0% to
B¥.0% (field)and from 95.0% to 98.0% (greenhouse). The total
amount of N2 fixation presented a pattern similar to % Ndfa with
slight 1ncreases in the absolute amount of N2 fixed byaalfalfa 1n

~mixed stands.. It was concluded thst mixed cultures of alfalfa
‘did not reduce the apparent activity of alfalfa N2 fixataon.
Indeed, th 6?esence of a grass may have stimulated alfalfa N3
flxatlon. z

N transfer from alfalfa to an associated grass was evident,
and contributed 26, 46 and 3B% of the totel annual N yield of
grass and represented an absolute:amount of about 5.0, 20. 0 and
19.0 kg N/ha during the first, second and thaird year,
respectively. The gradual and ‘consistent percentage N transfer

.that occurred before 1miti1al haryvest 1ndicated that this transfer
18 not primarily due to the decomposxtlon of nodulated roots
after shoot removal, but i1nvolves a considerable excretion of N
compounds during the period before and aftefr harvest.

The 15N dilution technique provided a useful method to
measure N2 fixation and N transference. The results showed that
all grass species benefitted similarly from N transfer from
alfalfa, although earlier maturing species with greater
competitive ability are more slightly responsive.

Field and greenhouse estimates of N2 fixation using the N
difference method and 13N dilution method were fa1r1y similar for
the two techniques and larger than Ny fixation values estimated

iy

“

by acetylene reduction. , It 1s concluded that 15N dilution / \ﬁs
technique 1s the method of cholce when precise measurements of N, /
fixation are required, and N difference may be used when /
resources for 1sotope technique are limiting. * /
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LA FIXATION ET LE TRANSFERT D'AZOTE ET LA COMPETITION
DANS DES MELANGES LUZERNE-GRAMINEE

La productivit® des herbages dans les zones te‘mpérée.s du monde est
limitée en grande partie.par la disponibilit'e“dq 1'azote (N). Les
légumineuses sont souvent utilisées comme source d'azote pour
1'amélioration du sol et pour 1'augmentation de la production fourragdre.

% .
Cependant, 11 n'existé que peu d'&tudes concernant 1'effet bén&fique de .

alg\légumineuse sur les graminées cultivées en pmélange. . Cette &tude porte

sur la fixation de 1l'azote (Nj) par la luzerne (Medicago sativa L.) et

le transfert de N aux gramines cultivées en associatlion, telles la .

. fléole (Phleum pratense L.),kule brome (Brmnu'é inermis Leyss), le daityle .-

(Dactylis ilom'erata L.) et la fétuque &levée (Festuca gundinacea

Schreb.). On a utilisé la technique de dilytion de 158 en serre et
s

»

en chanp. K

Le pourcentage d'azote dans la luzerne provenant de 1l'atmosphére
(Z Ndfa) a_augmenté& avec le temps de coupe et varié de 69),6’1 a Q&.OZ dans
le champ, et de 95.0% 3 98.02% dans la serre. On a observgé une relation
entre la quantité totale d'azote fix& et Ndfa avec de légdres
augmentations de la quant{t& absolue d'Azote fix& quand la luzerne est !
cultivée en asaociqtiqn avecqune gramﬁxée. On a conclu que l'asaociativ
comparé au semis pur. 11 semble méme que la présen;e d'une gramin_é_e' a
peut—8tre stimulé la fixation d'azote par la luzerne. .

11 est &vident qu'il e‘xiate un transfert d'azote entre la luzerne et
la graminBe associée. Ce transfert a contribué pour 26, 46 et 382 du'
rendement annuel total de N des g“raminéeq, solit 5.0, 20.0 et 19.0(‘kg N/ha
pour les trois premidres années. Le t:ra‘nsfegt graduel et proportion-
nellement constant d'azote observé avz,mt la pre;tiére réc;olte indli:que que
ce transfert n'est pas frincipalement d0 3 la décomposition, aprés coupe,
de racines nodulées, mais 3 l'excrétion’d'une quantité considérable de

composfs azotés avant et aprds la récolte.
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La pt:ech'nlque de dilution de !N s'est avére un méthodg ficace
pour quantifier la fixation de N’} et le transfert é:e’N. Le .xésnultats
- mon'érent que toutes les graminfes ont b'énéficiéa de fagon si:\haire‘ du
‘transfert de N de la luzerne, qioiéue les esp2ces plus hitives et plus
compétitives répondent mieux. : ‘I]i
Les de;xx méthodes utilis&es pour estimer la quantité'de ’Ng fixé en
champ et en serre, les méth:des\dites de différence de N et de dilution
de 15N, ont donngé des valeurs gemblables et supérieures 3 la q(mntité
estimée par la réduction d'geétylédne. De préférence, la technique de
dilution de 15N devrait &tre utiliste quand la fixation de Nj do% .
8tre &valu@e de fagon précise, alors que la méthode de’ différence d'azote
suf fira dans les cas ol le manque de ressources empéche .1'utilisation de

N -

-la technigue de 1'{sotope.
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1. INTRODUCTION //,’j/

Nitrogen 18 the nutrient that (most frequently lamits -
productivity 1n m;st ecosystems of the.world., Production may be .
increased with additiaon of nitrogen fertilizer but this requires
high 1nputs of energy at escalating costs. The association of
bacteria of the genus Rhizobium (rhizobia) with leguminous plants
18 unique, and 1s the phenomenan 1n which N2 from the atmosphere
18 fixed 1nto NH3 by the enzyme nitrogenase. This needs to be
more widely utilised as an alternative to reduce the ‘dependency
of forage and crop production on fertilizer N. )

In range systems, legume~gras? mixtures present a good

A}

strategy to incresse forage production and quality. Most
pertinent literature agrees that the presence of- lequmes 1n -
pastures not recelvxng’fertlllzer N increases the total hgrbage

yleld and protein cantent as well as the yield of the grass

component. In fact, these studies have shown that mixtures of

. legumes and grasses often have greater total yields than expected

1 .

on the bale of the yield of the component specxes; when grdwn 1n

pure stands,

"1

Alfalfa (Medicago sativa L.), timothy (Phleum pratense L.),

'bromqprass (Bromus 1nermis Leyss.), orchardgrass (Dactylas

glomerata L.) and tall fescue {Festuca arundinacea Schreb.) have
a long and signaificant h}stopy a8s fprm crops and are very ‘

itmportant 1n forage production in North America. They sre well

- .
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adapted to a range of climatic and edaphic condations. Previous
regsearch has shown that alfalfa 1n sssociation w1th tlmothy,
bromegrass, and ohher grass spec1es has remarkable potential 1n

f~improving ;ﬁ@age productjon and qualaty. In addition, alfalfa 1s
very pompatlpge when seeded 1n mixtures wl;h g}asses. These
specres wér; used tg csndﬁbt all experiments 1n the presenf
study.
. The nature of the mechézlsm of forage crop 1nteraction has
been studied and 1nferred from various -observations. However, ;
better understanding of N2 fixed.and rélea;ed 1nto the so1l ;nd
of ;nteractlons that occur among forage species when grown 1n
association 18 required. Soi1l N upgake by legumes and grasses 1n
mixtures has been extensively 1nvestigated 1in ;ecent years
using the 1sotope dilution technique and the difference mgthod.
Competition between legume and gfhss for soi1} N depends on the
levels of so1l N and fixed N and the 1nteractions between the two
species. High levels of hsll N provide superior growth potential
to the grass and result 1n lower N2 fixation rates by the
Iegume. However, at low levels of so1l N, higher N7 fixation
rates promotée h1ghér relative growth rates by the legume 1n
comparison to gragds. ‘ -

Many researchers have tried to quantify N transfer frsg
}egume to grass in mixtures. There 1s considerable contrbversy

about thexr results, which showed that D to 8% of the N2 flxed by

the -lequme was.transferred- ‘to the companion grass. This
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cohtroversy 18 paxnly due to the methods used to measure N2
fixation and N transfer 1n each frlal and to the poor
understanding of the mechanxsm of transfer. It 1s important to
understand these aspects as well as the effect that competition

from grass specles may have on the rate of legume N2 f,xatfbn,

[

.

when seeded 1n ‘association.
2

The present study was conducted to achieve the following

ob jectives:

1. To evaluate.the amount of N transfer from N2 fixing alfakfg{to

’ »
assoclated grass under field and greenhouse conditions, using

the 15N dilutipn technique.

¢

2. To measure Nz fixation rates of alfalfa grown alone and 1n

mixture with grass, using 1sotope dxlutlon, difference method

and acetylene reductxon .assay.

.
-

3. To quantify competitive ability for N .of different grassb

species and alfalfa, when seeded i1n mixed culture.

»

¢

4. To i1nvestigate the behavior of the nitrogenase activity of
. alfalfa grown alone ‘and 1n mixture.with grass, before and

after successive harvqsts.
1

S
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/ 2. LITERATURE REVIEW
. Laterature pertinent to legume-grass mixtures will be
reviewed 1n this section, Nitrogen Fxx;[lon by alfalfa, transfer
n
of N from legumes to grasses, general N balance, competition

between plant species and stability in the mixture, and methods

for measuring Ny fixation will be emphasized. —\\\

»

2.1 Nitiogen fixation by Medicago sstiva L.

3

v A,

x
. B

Many members of the family leguminoseae possess the abllxty

to enter 1nto symbiosis with bacterra of the genus Rhizobium.
' - N
Within this relationship the bacterium fixes atmospheric Ny into

bioclogically avarlable ammonia .and the macrosymbiont (host)

)

supplires the necessary %nergy.;y the form of sucrose from which

electrons and:generated ATP (adenosine triphosphate) drive the N2
'O .

fixation process. This arrangement gives the legume access to

L

the large pool of N present in the dtmosphere as N2, an

extraordinary advantage under conditions of N limitation (Stewart

.t

_1982). Legumes able to nodulate and subsist on biologically
fixed N can do so with varying degrees af effic]ency (LaRue gnd

Patterson 1981). .Medicago sativa L. 1s a forage legume specles

often considered to have high ability to form an adequate

symbirosis wath Rhlzoblum‘mqlllot1. Early workers have shown this

with different species and varieties of Medicago (Brockwell and
, a 1 4 -

-



Hely 1961, 1966; Erdman and Ura Mae 1953; Gibson 1962). Burton:
(1975? gstudied the straln-variety reactions whep eight varieties
* - of alfalfa were tested against 13 strains of R. meliloti. The

results confirmed that all varieties were nodulated by the

strains of rhizobia tested, but the amount of N2 fj)xed varied due
. .
.to rhizobia]l strdin effectiveness.

The data onfamount of symbiotic N2 fixation by f4¢;:Ea are
few and vary wigely. Lyon and Bizzell (1933) cultured alfalfa
continuously over a 10 years period and reported symb1ot;c N2

* fixation of 273 kg N/ha per year. Estimates for alfalfa came
~from an W year lyslmﬁter study by Ksrraker et al. (1950). The
authors studied the N balance 1n a continuous cropp?nq ;lth

alfalfa and other legbmes and’ Kentucky bluegrass (Poa pratens:s

L.) as a control. The annual average of Nz fixation calculated
by the dxffe:ence method 1ndicated that*alfalfa,pléﬁts were more
' effective 1n f;ijng N2 than other forage legumes. Aver;ges of
212, 128, 154 kg N/ha per year were obtained for alfalfa, white 4

clover (Trifoliaum repené L.) and red clover (Trifolium pratense

L.), respectively, Heichel et al. (1981) used isctope dilution

and .'An-value' to estimate N2 fixation 1n two populetions of
glfalfa selected for high nitrogenase acfivity. They reported an
average of 148 kg N/ha 1n the establishment year w1th‘43% of
total N yield derived from fixgtion. However, the amount of Nj
fixed and percentage of N derli;% from biological fixation varied

over the growth season., In an extensive study of alfalfa

-

- . - -
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conducted by Salver and Hardy (1975) the rate of N2 fixed was 40
kg N/ha 1nthe seeding year, when  alfalfa was not 1noculated anqﬁy

the so1l was deficient 1n P or K, but the rate of ﬁ} fixation
FAREY

increased to 90 kg &/hé 1n the establishment year, when the so1l
was deflc}ent 1n nitrogen aonly. Bell and Nutman (1971) reported
a rate of N2 f;xatlon of 220 kd‘N/haAper year éor effectively
inoculated alfalfa plants, wlth\upyto 78% of plant N deraived from

the atmosphere. ,

‘More conservative estimates range from 83 to 100 kg N/ha
(Erdman and Ura Mae 1953). In 197?,.Eskew and’ assoclates
reported a high activity of nitrate reductase 1in the shoots of

the alfalfa plants, documenting the utilization of fixed nitrogen

. ¢
1n high levels. Since alfalfa 1s a perennial and can produce

seven or eight cuttings 1n one climate, and only two or three

cuttings in another, 1t 1s normal that estimates of N3 flxed/f’

should vary waidely (Bunt$n 1975).

. ~

There have been many studies of the influence of fertilizer

- ’

. > oA

an symbiotic N2 fixation in alfalfa and other legumes. It 1s
established that large amounts of gpplled N reduce root-hair
1nfection (Munns 1968a; Dazzo’;nd Brill 1978), nodule number gnd
nodule mass (Dart and Mercer 1965; Summerfield et al. 1977), end
the N2 fixing aqt1v1fy:6} nodulated roots (Allos and Bartholomew
19%9; Gibson 1974). Alles apg‘Bartholomew (1959) i1ndicated that

small amounts of combined N, up to 80 mg of N per pot, 1ncreased

growth and symbiotic NiNFIXBtIOD'ln alfalfa, but high rates did
’
- % /

&

vy
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not 1ncrease the growth rate and replaced symbiotic Nz fixation

in large degree. Richardson et al. (1957) found similar results,

e -

nevertheless they reported 1n no 1nstance N2 fixation was .
completely repiacéd by fértlllzer N. | .
Using 15N labelled fertilizer, McAuliffe et al. (1958)
cbtained the opposite results. In 10 weeks growth of alfalfa in
a N poor soil, Symblotxcth f;xation dropped from 58 to 17% when
N fertilizer level was 1ncreased‘from 22 to 88 Kg/ha. ‘These
conflicting results should be explained by other factors that
influence directly the N3 F1;at10n“prchss. Dart and Wildon
(1970) and Eagl;sham et al. (1983) reported on the form of the N
compound that i1nhibits N2 fixation. Other authors published that
the degree of 1nhibition varied with 1@guqe spéc;es (Allos and
'.Bartholomewb1959; Pean and Clark 1980), cultiver (Gibson 1974),
strain of.Rh1zob1um (Pate and Dart 1961), °season (Pate and, Dart
1961), li1ght 1ntensity (D;rt and Mercer 1965), temperature
(Gibson 1974) and nutritional co é;txons (Pankhurst 1981),
However, small amounts of combined N 1s usually repommended to
alleviate the N-stress in the initial phase of nodulation (Gibson

and Nutman 1960; Munns 1968a, b; Dart and Wildon 1970; Gibson

1974; Lawn and Brun 1974; Dean and Clark 1980; Heichel et al. .

(
/

1981; Eaglesham et al. L983).

~

®

o

J
2.2 Nitrogen transfer from lequme to grass

”~

——
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Attenti1on has been focused oq\the question of the existence

-

of transfer of N from legume to gfass during associated g}owth.

In the 1930's a review of evadence by Virtanen (1933) and Nicol

-

(1934) concluded that the transfer of N from legumes to
associated non-legqumes can be taken as well kstablished. They

seported that gramineae growing i1n mixed cultures .together with

"

leaﬂhes can obtain their nitrogen supply with the aid of legumes,
and that one pea plant 1s capable of supplying sufficient N for
the growth of two oat.plants. It has been suggested also that

transference may occur at an early growih stage, approximately
i

three months or less from planting (Thornton and Nicol 1934),
Vs .

Lyon and Bizzell (1911)«found that thé N content of a non-legume
grown under field conditions éould reach a higher value when 1n

association with a legume. Their results were based on analyses

-

rather than on absolute @uant1t1es and the material was obtained
under field conditions thch permitted considerable variation.
Stallings (1926), concluded that N was trahsferred as ammonia and

hi1s results 1ndicated that wheat derived substantial amounts of N

Fs

from soybeans grown 1n associatidn. -However, no refer?nces were

- given and Stallings provided no justification for his

conclusion, —

9

The investigation of Virtanen (1933) appears to have been
most comprehensive, although carried out with little replication
0
or statistical control. However, the differences were so large

and consistent and the various aspects of the problem were

e

'
. .
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so completely covered, that there ap;ears to be no doubt that
unaer hi1s conditians nitrogen was gained by grasses from
associated iegumes. Nevertheless, the quantities of N derived
from the legumes, seem to be surprisingly high (Tumble and "Strong
1937). The work conducted by Thorntan and N1col‘(1930) appears
to support the N transfer hypothesis. The authors found that
Italian ryegrass grown 1n association with lucerne, contained
considerably more N than was,supplxéd 16 the fertilizer added to”
sand cultures. They~conc1uded that this amount had been derived
from lucerne with evidence for transference at 12 weeks after
planting.

The results of these workers apparently did not lead to
further research of the problem subsequently, until approximately
» 20 years later, when Butler and Bathurst (1956) reported. a
si1gnificant amount of N tranéferred, and stated that the
ucdgrgroudﬁ transference of N from legumes to associated grasses
may 1nvolve-at least two different mechanisms, 5&%9&, direct
excretion qf soluble N compounds by the rntact root system of the

®

growing legume, may be stimulated '‘by the associated growth of two
plant species. Seéond, the Eloughlng.off and decomposition of
legume nodules and cﬁgt tissues. According to recentnevxdeﬁce of
Faris and Ta (1985), the excretion of nltkogeh compounds 1s
mainly i1n the form of ammonia, glutfmate, aspartate and alanine.
Hoqever, due to thc apparent 0p;rat10n of the excretion mechanism

when the plants 1s subjected to stress through shading, low

\

o
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temperature or whén forage légumes reach advanced maturing.stage,
But}er and Bkthurst (1956); Dilz and Mulder (1962); Henzell
(1962); Slmpson*(19653 1976) conclyded that»:*more 1mport ant
pathway of transference 1n a legume-grags pasture 1nvolves the
Jecomposxtxon of legume nodulated roots.

| In the legume:grass mixture the quantity of N transferred
from legume to gress varied from 0 to 25% of the N2 fixed by the ’

-

legume (Seerge 1961; Dilz and Mulder 1962; Henzell 1962; Sxmpsbn
1965; Vallis et al. 1967; Henzell et al. 1968; Hdystead and
Marriott 1979; Far1s anq Ta 1985). N transfer varies for
different legume species under dxf}erent experimental

conditaions, The d}fferences can be partlglly explained by the
methods used to measure N transfer 1n the legume-grass mixture.
Dilz and Mulder (1962) separated the legume and the grass plants
by a glass plate 1n the control pots, where no transfer of N‘was
allowed, and compared grass total N 1n pots without the glass
plate.and‘the grass only control. They found 1 to 8% of fixed Nj
to be transferred from legume to grass. Seerge (1961) and K
Simpson (199;) measured. transfer of N as the quantity of N
ex;reted by the legume 1into plant nutrient solution, and found- 1
to 4% of the fixed N2 was transferred to the grass. Faris gnd Ta
(1985) usedllabelled 15N to measure N transfer }rom ?lfalfa to
grass, and estimated between 1é to 18% of ' fixed N2 under field
conditions was transferred to associated grasses.

Henzell (1962 ) used the difference method to investigate N

=

4
- R -
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transfer from sﬁme‘troplc 1 letumes, Indigofera spicata fForsk.,

Lotonis bainesi1 Bak., Desmodium unicatum (Jacq) D.C., and

Stylosanthes bojer: Vogel, 1n comparison with white clover

(Trafolium repense L.) and slfalfa (Medicago sativa L.) to

Paspalum commersonii Lam,, and only 0.6 to6 1.7% of the total N;
f:xed was ‘transferred from legume to the grass. Ross et al.

(1964) used gas lysimeters to estimate the quantity of N

transferred, and reported that only 0,1 to’2.}% of f1fed N2 was
transferred to associated grass.

Vallis et sl. (1967) used the 1sotope dilutien method to
assess N transfer from legume éo grass as the difference between

total N uptake and so1l N uptake of the grass (control). They

" found no significaent transfer of N from Townsville lucerne

(Stylosanthes humilis H.B.K.) to Rhodesgrass (Chloris gayana .
" .

Kupth.) 1n a pot experiment. Henzell et al. (1968) reported

little transfer of N from siratro (Phaseolus atropurpureus D.C.)

. . .
to Rhodesgrass, but Haystead and Marraiott (1979) used the .asotope

dilution method and found evidence of N transfer ‘of 1.7% of fixed

N2 from white clover to ryegrass (Lalrum perenne L.).

Broaébent et al. (1982) reported extensive transfer of f;xedv
N2 to ryegrass. Up to B80% of'the N an ryegrass in mixed culture
‘was derived from the‘?xfatxon process 1n white clover. However,
)
they found llttle.transfer of N 1n 5 relatively short term and
‘ suggest that a time of several manths 1s involved 1n the gradu;l f
"myneralization of dead roots and nodule tissues from the lequme

through microbial activity. Recently, Faris and Ta (1985)

1
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demonstrated the i1mportance of N transfer from alfaffa to timothy
1n mixed stands, This transfer i1ncreased with times of clipping
and contrlbutgd to about 3, 8 and 25% of tokal N yield of timothy
in tﬁe first, secand and third cut, respectively. The autho£s'

also stated that the 15N'&11ut10n technique proved to be suitable

to measure N transfer.

2.3 Cgﬁpetxtlon between legumes and grasses 1n mixtures

\

o
2.3.1. Limiting factqrs

Competitran begins when 1mmediat’e supply of a single
necessary factor falls below the combined demaﬁds‘of the plants.
Then competition éan be defined as the combined demands of
assoélatea species for a laimiting factor (Dpnald 1963). hThe
definabion does not apply to the legufhe-grass mixture because N
1s not Yimting for-the legume which takes 1t up from the 8011'\‘
and the atmasphere, but 1s lxmlt;ng for the grass. Hall (1978)
defined competition for so1l N 1n the legume—grégg mixture by two
processes: competitive and non-competitive relationships for so1l
N. The definition 1s apbroprlate 1n the legume-grass mixture

because non-competitive relationship for so1l N 1s possible and

&

can be explained by t£e fact that the legume can fix i1ts N

requirement from the pir. Harper (1977) defined competition as

”

S ,
the capture of nutrients in the soil volume shared by other?*,

o

)
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plants which are different 1n size and rooting habits, This
definition facilitates i1nterpretation of some of°the interaction
between the legume and the grass from the standpoint of the

ynderground component,

i
¢

Cﬁmpetxxlon between legume and grass when seeded i1n mixture
has been investigated extensively by previous researchers.
Clover; siratro and alfalfs compete favorably when grown together
with grass (Siewerdt and Holt 1974; Cook-and Dolby 1981):
McBratney (1981) found thag red clover production was higher 1n“
the mixture than 1n the pure stand four years after seeding. Ta

¢

and Faris (1985) reported that mixing timothy with alfalfa
: ‘ .

1ncreased both quality and quanlLity of herbage prodbctloo.
Although timothy had a dominant competitive ability over alfslfa
in later- harvests, the product1§1ty of the alfalfa-timothy mixed,
culture, expressed by land equ1valént ratio (LER) was always

Ny
equal to or greater than 1.0, showing that maximum dry matter

3

yield per land unit wasAobtaxned'frum the mixtures. . .

Rhe success of a8 component species 1n campelilion for @

lamiting soil fattor usually leads éo its enhanced ;b;;}élnnn of
other so1l factors. If the evallablflty of the latter factors 1s
not high, éompet1t1on may then occur for them also. This
s1tuation 1s often found.1n mixed pastdres and mixtures of legume

1
and non-lequme sgpecles. On.low N soi1ls, the non-legume 1s

.frequently suppressed or has little advantage, bult on high N

so1ls the strong growth responses of the non-legume usually cause
t -

v
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1t to dominate ihe legqume by shading 1it. }he vigorously qrowln%‘7
non-lequme takes up large amounts of nutraients suéh as P, K and
S, the last two éﬁmétlmes w1fh luxury comsumptaion, ;nd the lequme
may suffer deficiéncy in soils low 1n these nutrients (Trenbath
1974). Comﬁetltion between legume and grass for' light, P and K-
can be reduced by successlvé c11ppingé,and appropriate fertailizer
applications, respectaively (fre;bath 1924; 1976).

farlier reports have shown thaé mixtures of legumes/énd
grasses often have greater advantage than expecteg on the basis
of the componqpt species, when grown in pure stands. Although?
‘ several explanations have been sugéested for.tp1s, the most ,
obvious reasons are that the legume and qras; use different N

sources and have spatial differences 1n the use of resources,

1.e., various rootings depths {Martin and Snaydon 1982).

"

[
b

-

2.3.2 Nitrogen balance and stability in the legume-grass

mixture

o

. e

N balance and stability in the legume-qrass mixture depends
(:; lévelé of 5%11 N,\Nz frxed by the legunie, persastenqe of the
two species énd the competition between lequme and grass (Cémlxn
1981; Siewerdt anq Holt 1974; Vallis 1978). Applied N fertilizer
affects mixture stability by inhibiting fixation and ‘favoring
‘ grass growth (Stern and Donald 1962), Craig ae Anda and

co-workers (1981) concluded that.mixed cultures of alfalfa and
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red clover with orchardgrass and timothy have no detrimental
v {

effect on legume specific nodule sctaivity (SNA), and may

v

stimulale nodule activity after clipping. Craig de Anda et al.

—

) - ' ~
(1981). have suggested that during the normal growth and harvest

-

"of the alfalfa plants some death of secondary roots and no?ule
tissue occurs with a consequent release of N to the so1l. This
ﬁay 1nh1bit erther additional initiation %f alfalfa nodules or
the nitrogenase actaivity of nodules already prese?t. Grasses
grown 1n association with alfalfa may absorb the newly released N
and thus reduce the soi1l N which may 1nhibat alfalfa Nz
. faxation. Thas may be responsible for the stimulation of slfalfa
N2 fixation w:th Fime 1n the mixed cultures and consequently
i1ncrease the sthﬁlllty 6f the alfalfa-grass mixed stand.

Shade increased leaf area 1ndex (LAI) end concentration of N
in green-panic grass, but decreesed dry Qelght, LAI and
nodulakxon o éxratro (Rhodes and Stern 1978; Wong and Wilson

1980; Eriksen and thﬁ?ey 1982).

‘

2.3.3 Soil nitrogen uptake by legqume and grass: . .

a

The recovery of fertilizer N by legumes and Lhe elfect of

ferti11izer N on N2 fixation has xnkerestéd many researchers

bucause of 1ts economic importance (Richards and Soper 1979;

Eaglesham et al. 1983; Vasilas and Ham 1984). To detérmine soil.

N 'uptake by legume and the grass in associat 1on, the construction



16

of a complete N balance 1s necessary (Walker et al. 1956; Vallis

et al. 1967; Simpson 1976; Bergersen 1980), - ‘.
Feigenbaun and Hadas (1980) used maLerial§ labglled with 15Nﬂ
to investigate N uptake by'thg légume and grass 1n mixtures.
They found that the lng;;\and the grass grawn alone took up thes
same amount of 15N from the &0il, but when grown-togethér, 33% of
the 15N wa§ recovered by the legume and 66% by the grass. The
recovery of 15N by the plants (a%om % 15N/plant) ®decreased J
exponentially with time, and chahges.ln the proportions.of the
. legumes and gra;ses in the mixtures had no effect on uptske of
15§ by the legume and grass, They also f@ynd that the qrass took
up the same amount of N when seedeq alaone or 1n mixture with the
.,legume.v However, the legume took up 80% of its so1l N’dur;ng<ihe
first four weeks after seeding. The upfake of so1l N in early
stage of growth by the legume is explained in terms of an
allgvxatlpn of the N-stress in the initial phase of nodulation
(Gibson and Nutman 1960; Munns 19684, b; Dart and Wildon 1970;
Gibson 1974; Lawn and Brun 1974; Dean and Clark 1980; Helchei et

l. 1981; Eaglesham gt sl. 1983),

¢

. 2,4 -Methods for measuring d}nitrogen fixation )

')

2.4.1 Acetylene reduction

.

Dilwoarth (1?6@) and Schollhorn and Burris (1966) discovered

»



that the enzyme nitrogenase, which is respoﬁé1b1e for the
red;ctlon of Nz to Nh}, also reduced acetylene (C2H2) to ethylene
« (CaH4); so far, 1t is the only biological agént to do so (LaRue
v~ and Patterson 1961). This discovery provided the 1ps1ght $o
-assay the activity of nodules by measuring the rate of ethylene
(C2Hg4 ). production. ft 1s a sample and 1nexpensive method t%
estlmaée N2 fixation (Hardyygg_gl. 1973). An H?2 flame 1on1zation
>?as ;hromatograph 18 used to measure the C2H4 produced. The
ac?hylene redUctlo; assay has the ;dvantaqes of sensitaivity and
speed. A detection limit of pmoles CyHy/ml gas permits -
estlmatzon of nitrogenase enzyme activity evﬁn when only a feé
nodules are formed (LaRue and Patterson 1981i.
A'princ1pal assqutipn in the method involves the ratio of -
acetylene reduced to N2 fixed. The %eductxin of N2 to NH3 uses
six ;lpctrons, ;hlle the reduction of CaH2 to Céﬂa uses two
electrons. The ratio C2H4/N2 was assumed to be équal to three, .
1.e., a-mole of C2Hy was equivalent to 1/3 mole ;f N2 reduced.
~However, the theoretical rati1o of C2H4/N2 of three to one (3:1)
is varlable.bécause protons are also redyced by nitrogenase to
hydrog;n gas which may or may not be metabolized by hydrogenase
1n different species of rhizobia, ‘and may m1ss degethon. So
values gréater than the theoretical conversion have been observed
and reported by Schollhorn ;nd Burr1;d(196?);'Hardy et al.

(1973 ); Schubert andiEvans (1976).

q

Due to.the non availabilaity of 4 method for calibrating CoHg

t

-
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formation with N2 fixation, Hardy and associates (1973) .
recommended the conversion factor of four to one (4:1) for forage
legumes as a'more adquate ratio. In addition to the varaiation
1n the theoretical copversion (C2H4/N2), other;errors may arise
due to diurnal variation in N7 fixing activity (Bergersen>1970;
Carran et al. 1982), plant to plant variabilaity, paf}lal harvegts
of the nodules :nd fhe plants used are usually desfroyéd (single
measurement). These factors make thié technique less precise
with frequent over-estlmaélon of N2 fixed (LaRue and Patterson
1981; Martensson and Ljunggren 1984). Rennie et al. (1978) have
stated that acetylene reduction technique 18 a short-term kinetic
measurement -and any extrapolation to total N2 flxed over .a

»

growlng season 18 3uestxonable. Therefore an estimate of
fixation over an entire growing season requires a mathematical
‘summation of many frequently obtained assays during the season,

-~

2.4.2 Nitrogen difference’ method .

Measurement of N2 fixation,by the N difference method .
requires growing a legume and a non-N3-fixing plant separately
under the same cond;tlons.and analy21n; the total N an both
piagts. The difference 1n total reduced N yield between the
plaéts 1§ the Fontributlén of N2 fixation by the lequme. ‘Three

versions of the difference method are commonly used (LaRue and

Patterson 1981):

-

1
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1. Comp?rxqon of a legume with.a non-legume; the control pfants

<

can be s graminaceous spegles (Wagner 1954). ' .

2, 'Comparason of a legume with a non-nodulating lequme; 1n this

approach the control 1s a legume genetically 1ncapable of form1ng
root nodules (Williams and Lynch 1954; Rgschel gﬁvgl./ﬁsj9),'

3. Comparison of lngculated and uninoculated legumeﬁi\}he(v
diff.erence method.is & comparison of single cultivars gqrown on
1noculated or unirioculated soi1l (Bezdicek et al. 1978) .

It 1s assuméd that the fegdme and the reference plant remove
1dentical amounts of N from the soi1l. To ensure that this is the
case, plants should he grown for the same period of time under
similar conditions. This method. 1s us;d extensively because 1t
18 relatively inexpensive and simple. However, 'so1l and natural
biological variability, willin end among species, can 1induce

major errors (LaRue and Patterson 1981) that oi}en underest imate

the quantaty of N2 fixed (Hardy et al. 1973).

2.4.3 Isotopic methods

v.

The slable heavy 1sotope 15N became commercially ayaxlablé

hd -

1n the early 1970's.. This development encouraged the use of

15N-enriched compounds 1n the field.- The. natural abundance of

-
‘

1sotopes 1n the soil N and atmosphere may be preferred-b@%ause 1t
18 a stable condition and does not change during the period of

experiment. According to Rennie et al. (1978) and Ruschel et al.

] ]

~
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(1979), the measurement of 15N relataive to 14N 1s a highly
sensi1tive and precise technique. Detection of 1?N 1ncorborat10n

1nto plant material 1s 1000 times more sensitive by thas method

than by measurin® differences by the Kjeldahlamethod (Hardy et al.

~
1973), and gives definitive evidence of N2 fFixation (Ruschel et

al. 197%), Thus, the stable 1sotope 15N has excellent
applications. .

v 2

2.4.3.1 Isotope dilution methods .
2.4.3.1.1 Enriched method

In this method, the fixing crop aﬁd a non-fixing control are

~x

“grown 1n the soil to which a small amount of 15N was added as
labelled Hltrate or ammonium, The percentage of tptél N derived

from fixation 1s calculated as:

-

% N derived /-
from atmosphere z( 1 - (atomn X 15N excess fixing system) Ix 100
(atom X TON excess non-fixing system)

‘

The control plant 1s wsed to measure the 15N content of the soal

and can be a‘'non-legume or a non-nodulating 1soline of a legume.
o, : .

The plant obtaining parts of 1ts N from the atmesphere will have

Yess of its N as 15N, ;Db&essed as the atom % 15N.

¢
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The dilution method 1s based on the assumption that the

’

roots‘ of the legume and the control plant should exploit the same

sor1l zone and have equal access to 15N 1abel and the other

sources of N (LaRue and Patterson 1981; Rennie et al. 1982;

Boddey et al. 1983), This method also assumes 1nsignificant
discrimination between 19N and 14N 1n N uptake (Fried and

Middelboe 1977).

.

The d11ut1_on technique 21s very‘ useful because a single
sampling can show smpj.f'lcant t“geatment effects on N2 fixation 1in
pasture and rangeland ecosystems over a period of time. To show
the same effect wlth.acetylene reduction would require multaple

samples with questionable assumptions made about the ratio gpf
et al. 1958;
T

e
Phi1llips and Bennett 1978)., However, Goh et al. (1978°) and

C2Hy4 produced per unmit of Np fixed (McAuliffe

Broadbent et al. (1982") expressed reservatxbﬁs concerning the use

of labelled N techniques for measuring N2 Fixation in the

legume~grass mixture because of the error encountered 1n transfer

of*N from- legume to grass or from the legume to the soil, .
Plant . materi1al labelled with 12N has been'used as a source

of N 1n the so1l (Vallis 1983). The release of N depends on the

rate of m1r;erallzat1un. Since .the mm’érallz'atlon process 1s

progressive during an extended period of taime, 1t allows a
cont1nual release of 5N to the plants during the pegiod of the
experiment . Howe\'/er, labelled N i1ncorporated 1nto the so1l N

does not result 1n a constant souwrce of labelled N hecause of the

- - ’

%

Y
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complexyty of the soi1l N pool (Henzell et al. 1968),
2.4.3.1.2 Natural abundahce method

The natural abundance of 15N 1n the air 1s 3663 ppm 15N

%
(Rennie et al, 1978). The effect of various so1l microbiological

s

]

react 10ns on the fractronation process of N 1sotopes 1nduces an
increase 1n the 12N abundance of soi1l N as compared with the

atmospheric N (Hauck and Bremner 1976). The!d1fference‘1n 15N
abundance of the so1l and atmosph;r@ can be used to measure N2

fixation by uSlng the di1lution technique (Rennie et,al. 1978;

LaRue and Patterson 1981).

The abfindance method 1s based on the assumption that there

——

are very(slyght 1sotope effects during biological processes and
the non-f x1ng plants that obtain all N from so1l will have a
slightly enriched 715N relative to the atmosphere. A plani—~_

“obtarning N from symbrosis will hiave a lgwer 15N composition. A’

13

beL&if Gnderstand1ng of plant and so1l 1sotope discrimination

factors 1s aimportant for the used of the natural abdndance method

——

(Bremner 1965). The ratio of 15N/14N 1n biological tissues

dxfgers considerably from tHose expected theore'lcaliy/because
the kinetic fractionation depends on the relative speed of the

chemical reactions of 29N and 28BN, Shearer et al. (1980)

reported 14N and 15N discrimination between roots and shoots 1n

soybean., Rennie et al. (1976) and Knowles (1980) reported that

&
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14N 15 slightly favored 1n Ny £ xation react 10ons, and 1f this 1s

not 1ncluded 1n the calculations, the level of fixation will
@
appear to be higher than 1t 1s.

v

The advantage of this method 1s that 1t does not necessitate

-

the purchase of 1sotopic N to added to soil, 15§ 1s in
equil:ibrium with all sources of N in the soi1l and ngtural

abundance values are within analytical precision. However, small

1

variations i1n the 15N natural abundance values in the legume and
the control plant will correspond to a large difference -an Np °
fixation. Therefore, the 15N analysis 1n this method should be
done very accurately, using an expensave and time consuming

technique - mass spectrometry.

~ .

2.4.3.2 13N method . .
[ 7Y J

T

~

Somex{esearchers have employed 13N to measure short-term N
fixation §$d subsequent metabolism (Rubens et al. 1940)., Thas
1. -~ -
rsotope of N has the disadvantage of being unstable and

radioactive, For this reason few studies have been done with

13N, However, the radiographic technique can be used to indicate

13N uptake and to 1dentify the compounds 1nto which 1t has been
- . S

1ncorporated. ;Due to the short half-life of about 10 minutes

b

(Bergersen 1980) the use of 3N to assess symbiotic N2 fixation

has severe limitstions (Rennie et "al. 1978),

q
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2.4.4 Ureade ,ethod

The ureides such'as allantoln ﬁ%d allantoilc acid have been

recognized as major transport or storage form of fixed N2 in some
¥

species of grain legume. This compound move by xylem transport
from nodules to shoot, where they are metabolized (Matsumoto et

1. 1977; Streeter 1979). The biosynthetic reactions leading to

Stm—
L]

these compounds are not fully characterized, nevertleless uric
acid 1s 1mportan£ intermediate (Woo EE El' 1980).

-

Recently 1t has beep demonstrated that some legumes of the

tribe Phaseoleae export N from nodule to the shoot predominantly

‘ .

1n ureides, and from non N2 flxing root tissue chiefly as-amides

]

(McClure and Israel 1979; Sbﬁpeter 1979 Sprent and Embrapa

» o " )
1980). So the close relationship between ureides and N2 fixation
in some legumes suggests that ureirdes might serve as a useful

indicator of Nz fixation i1n the field (Herridge 1982a; Patterson

and LaRue 1983b).
ancelsome nitrate N taken up by soybeans 18 reduced 1n the

‘root and transported as ureides 1n the xylem, a more accurate

R

-~

indication of N2 fixation based on ureides analysis should

include an adjustment for 6lant N derived from nitrate. Herridge

(1982a, b) proposed "relative abundance of ureides" as a more

‘. [

accurate 1ndex of symbiotic N7 fixation than an estaimate based on

ureldes alone, because the 1ndex accounts for the' contribution of
w . . .

nittrate from the growth medium, .

»

o

~
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The ureide leye1.1n tissues such as that of leaves m1dﬁt be
used as a quick non-destructive assay for Nz fixation. Thas
would be espeécially useful to plant breeders dttempting to
select genotypes with ability of N2 fixation (Patterson and LaRue
1983a). Otherwise, the reiatlve abundance of ureides index
proposed by Herraidge (1982&, b) would be especially important to
detect ggnotypes with high capacity to utilize soil N, However,
the accumulation of ureides as N storage pools 1n various tissues
has made this technique™less useful and 1t seems to be premature
to use this as a quantitative measure o? N2 faixation.

»

Furthermore, alfalfa roots do not synthesize ureides, but produce

»

organic N chiefly as asparagine (Ta et al. 1985a, b).
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: . 3. MATERIALS AND METHODS )
. B ’ ////f"\\
s rd

v Faive experlmenls were conducted to accomﬁl{ah the proposed
objectives. 'Experxmenta 1 and 11 weré_under greenhouse ,
conditions using N-free substrate (vermiculite and sand) with 15N
labél or without any N Fértlllzer. Their purpose wass to examine
gtabilaty, competition and transfer of N from alfalfa to
associated grass, under low N conditrons. In ofder to measure
N2 f1xaflon) soi1l N uptake, transfer of N from alfalfa to qrass
and the effect of grass species an the rate of alfalfa N2
fixation under field conditions, experiments III} IV and V‘were
conddcted in the field. Two included enrichment with 15N aﬁd one

was run 1n the normal soil N. -
‘ .
. !

- v -
oo )
3.1 Greenhouse studies -

The exper1£%nts were conducted i1n 8 greenhouse at the Ottawa

¥}

Research Station, Agruculture Canada, Ottawa, Ontario between
July 1982 and Auqust 1984, Experiment I was carried out between

July 1982 and January 1983. Alfalfa cv.' Saranac ', timothy cv.

”
' '

* Salvo ', bromeqrass cv.' Tempo ' and orchardgrass cv.' Kay

seedlings were grown 1in plastic ‘sleeves 5x5x20 cm emhedded 1n
- LR . . /—\ «
vermiculite en a greenhouse bench. Each sleeve was sown\with two

: -
v

!
seeds 1n monoculture or two seeds (one alfalfa and one qgrass) in

mixed culture. Each experimental unmt consisted of 150 sleeves

. ‘.
“ . il ¢

\ /
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that were seeded with the four monocylture and the three mixed

culture 1n a randamized complete block design with two

replicates, ;

The photoper;od was 16 hours and consisted ‘'of natural liqght
supplemented :lth fluorescent light at 350 uE. m~2, gec~!
“ intensity at the top of thé piants. The temperature was
approximately 24 + 1°C during the day and 20 * 1°C during the
night. The relative humidity was held constant at 80%. The
experiment was hand seeded on 27 July 1982 and irrigated after
seed1ng and weék1§ during the experiment with N-free Hoagland's

solution (Table 1). The alfalfa seedlings were 1inoculated with a

preparation of Rhizobium meliloti strains L-26, L-6, C7-Balzac

and 102f70 (Nitragin Co. Milwaukee, WchonS}n). However, N
feriilxzer at 5 md)per sleeve (20 kg/ha) was added to the %fass
monocultures 2 weeks after seeding 1in orde} to 1mprove the
esLahl)shment of the grass.and to maintain the grass plants 1n
monoéulture in norgal growth 1n relat;on‘to grass 1n associalion,
When alfalfa plants reached early bud stage and flawer .
formation (7 and 28 September, reapectlvély); plants»froh two
sleeves in each treatment and 1n each repllcéte were refmoved and
aéetyléne reduction assays (ARAZ were made on the delached
riodulated alfalfa roots. The dry weight (DW) arnd total nxproden'

con en;>at10n (TN) yields of the roots and tops were determined

for Yrass as well as alfalfa plants, The rest of the experiment

was cut 2 to 3 cm apove the hench and was sampled 6 and 10 weeks

&
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B" . . ’ . . ' .
TABLE 1. Nutrient composition of nitrogen-free Hoagland solution
used to water the plants in greenhouse experiments, Experiment I

and I1I.
Ay > 3
Stock ~ “hemical . Concentration Quantity of .stock
solution . ' used per liter -
1 KH2PO 4 34,00 g/1 -+ 1.0 ml
2 MgS04.7 H20 123.00 g/1 1.0 ml
3 - . Kg504 ' 65.00 g/l - - 1.0 m} .
4 CaClp.2 H20 147.00 g/1" 4.5 ml
5 .FeCly 0.84 g/1 1.0 ml
NeHp EDTA ° 1.70 g/1
6 Ker 0.75 9/1 - . ~ 1.0 ml
H3B03 124,00 mg/l .
MnC15.4 Hp0 67.00 mg/1
InS04.7 H20 46.00 mg/l ,
CuS04.5 H20 10.00 mg/1}

e _H2M0S04. H20 2.00 mg/1

&

The plant nutrient solution 1s basically that_ of Munns (T?GBA)
and Macdowall (1982). Adjusted to pH 6.5 by adding 1 N KOH,

&8

[
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(3 December and 3 Jandary, reapectlybly)‘after initial harvest
(13 October. 1982 when alfalfa regchéq latbr‘hloom.stage), and the
same determirat 1ons were‘performed aga;qi

"Experiment l} wa§\1n1t18ted on§14 February 1984, to
_investigate the benefit of N2 fixed by alfalfa to companion
grasses using the 1sotope di1lution technique, with lggum;—grass
grown 1n mixed stands. T;e growing medium~was a MIXtUPBGDf
vermiculate (70% v/v) and sieflllzed sand (30% v/v). Alfalfa
cv.' 520 °, timothy.cv.' Climax ', Bgomégrass cv.' Tempo ',
orcﬁardgraes cv.' Kay ' and tall fescue cv."Kentucky 31,
pre-germinated seedlings were sown in ;5 cm plastic pots. Each
pot was seeded with exgﬁt pre-germinated seeds in monoculture or
eight pre-germinated-seeds in mixed culture (50% legume and 50%
grass) under ambient conditions aimlig{ to Experaiment 1. ;he
'~expariment.ya§ xrrigbted ffter aeédlng and weggly during the

experiment with N-free Hoagland's solution (Table 1). One week

after seeding, a mixture of Rhizobium meliloty strains L-6, L-26, .

C7-Balzac and 102F70 (Nitragin Co. Milwaukee, Wisconsin) was
added to all pots. At the same tlme; each pot received a basal
fertilization of 10 mg of N (20 kg/ha), 10 mg oi availahle
phosphoric acid (f205) (£0 kg/ha) and 10 mg of soluble potash
(Kzﬂ) (20 kg{ha) to assist the establléhment of the alfalfa and
grass seedlxﬁgé. When the seedl;ng; of alfalfa and grasses wére

o . . o
well established, 2 weeks after sowing,, 5 mg of ammonium sulphate

‘ enriched with % ptom excess dissolved 1n
(13NH4)2504) hed with 99% atom 15N d lved

L4

5



56 ml deionized water was applied 1nto‘thelsurfacé of each pei.
N .An]aﬂditlonal 2.0 mg of ammonium sulphate (99% atom 15N excess)

. dissolved 1n 50 ml delonized water waé.added to epch pot, after
harvest 2, 1n prdér to maintain ihe level of % atom 15N
‘sufflcxént for detection in the plant tissue.

. The experimental units (6 pots) were harvested when the
alfalfa plants reached 50% bloom stage, every 4 to 5 weeks. Four

: hérveats Wwere obta1neﬁ during the tourse of the experiment. At
each harvest, one pét’was’aécrlflced and the followaing
measurements were done: 9eety1ene reduction of alfal?a (nmoles or

.

umoles Czﬂq.pl.‘1 h.=1), nodule number, nodule fresh weight (hg),'
plant height (cm), rools and topa!growth OW (g/pl.). Grass
plants were also analyzed for DW yields of rools and tops growth,
tiller number and £0t91 nitrogen ;oncentrationm Total N
concentration was peéformed by the Kjelddhl method (Bremmer 1965)
and atom % 15N~1n the plant material was anaf&zed by an emission.
spectroscopy procedure (Preston et al. 1981) as describe be}ow.

’ The experiment consisted of, fFive monocultures and,zzur m1xed
cultures 1n a randquzdd.complebe block design with three

N

replicates, .1n a total of 162 pots.

3.2. Field studies | L

L]

Field experiments were established at Ottawa Research

Station, Agriculture Canada, -Ottawa, Ontario on a moderately

drained sand loam soil during Sp;lng’of 1983 (Experiments III and

Q ’

[

»



1v) aqd\;prlng of 1984 (Experiment.V). In the,prévxodé year’the
experimental area was cultured with barley. Following harvest
the stoveF was pioughed down. The soi1l had adequate levels af Mg
and P (fable 2) based on soil test. 'However, the i1ni1tial s01l-
reaction was pH 5.1 (1n water) and the K level was medium.
Potassium and lime were applied 1‘mon§h prior to the planting at
a rate of 30 &g/ha and 3,000 kg/ha as muriate of potash (KC1) and
Holomxtlc lime (CaMg(CO3)72), respectively. Experiment 111 was
initiated on 27 May 1983, to examine nltroqénase enzyme actlvgty

of alfalfa grown alone and mixed culture, during vegetstive

-

growth and reqrowth, and to determine the pattern of nodule
-activity of alfalfa 1n association before and after successive
harvests.

“

Alfalfs seeds cv,' 520 ' i1noculated with 8h1znb1um melilot:-

dtrains 102F70 and L-26 (Nitragin Co.‘Mllwaukee{ Wigconsin) were
sown at’ the rate of 13 Rg/ha 1n monoculture and in mixed culture
. at‘thg rate of 11 kg/ha with timothy cvs.' Salvo and Climex ' at
6.0 kg/ha and bromegrass cv.' Tempo ' at 9.0 kg/ha. The same
grass seehlng rates an mixed stand were utilized 1n pure stands
(Field Crop Recommendations 1982) undéT dry land condjtions,
Each experimental unit consisted (1.60 x 6:00 m) of eight rows
6.0 m lond and 0.20 m apart that were planted with four I

. monocultures and Lhre; mixed cultures in a randomized complete

block design with five replicates. -

When the seedlings of alfalfa and grasses were well
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TABLE 2. Chemical analysis'of sand loam s01]l at Ottswa Research_

-Station, Agriculture Cenada, including five essential elements,

two micronutrients and pH, Spring of 1983 and 1984.

4

5

EXPERIMENTS III and IV

EXPERIMENT V

Nutrient Concentrataon Level Concentratign Level
1983 1984

Nitrogen 0.09 +0.14 % Low 0.12 +0.2 % Medium
Phosphorus . 96.7 17.27.ppm High’ 66.6 +14.5 ppm _ High
Potassium 98.0 +8.25 ppm Medaium 125.9 +28.4 ppm _ Medium
Magnesium 55.0 +10.9 pbm Medium 'ﬂﬁ19.7'15.2 ppm ' High
Calcium >2000 ppm Medium =2000 A ppm Medium
Zlﬁc 30.2 +1.83 ppm Adequate {f.z +5.49 ppm Adequate
Manganése 39.0 +2.45 ppm Adequate 45.5 +2.19 ppm Adequaté
pH (1n water) 5.1 +0.22 Ac1d 5.6 +0.33 Ac1d

So1l samples were taken from

each of the replicate plots. The

standard error 18 given for the mean of the twenty rep)icate -

samples.

L]

v
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. ) Q) )
established, 36 days after sowing, the following measurements
were evalusted: nitrogenase enzyme activity, nodule fresh weight,
d;y weight of roots and tops qrqwth and total N concentration.
Thereafter al?alf; and grass pla:tb were sampled, when alfalfa
reached 50% blbom/;zzbe (1niti1al harvest on 23 July 1983) and
after harvest: 2, 9, 15, 23 and 30 dsys after 1nitial harvest 1n
the seeding year. In the following year, the pfants were sampl;d
agaln_7, 20, 28, 39 and 50 days after a initial harvest (23 June
1984), Gra;s plants were also analyzed for tiller number and DW
yi1eld of roots and tops growth and total N concentration.

E;perlmenta IV,aﬁ% V were 1nitiated on 27 May 1983 and 23
May 1984, respectively. Both e§per1ments had the same
characteristics and they were conducted to evaluate.the amount of
N transfer from alfslfa to grass, so:1l N uptake by alfalfa and

grass and to measure N7 fixed by slfalfa 1n mlxeq\swerds under

' TN
f1elq conditions, ahn order to i1ncrease the accuracy of measuring:

N trasnsfer and N uptake, the 1sotope dilution technique was *
i ’
utilized to enrich the percentage atom 19N 1in the so1l.

. The experiments were conducted on a sawdy loam so1l whach
contaxnéd a low level of available N. So1l test results are
shown 1; Table 2. The treatments cdng;sted of monoccultures of
alfalfa, timothy and bromegrass and two mixture cultures of
alfalfa-qrass. An addit 1onal grass species, tall fescue, was

iptroduced in Experiment V. The experimental design was a

randomized complete block with twa and four rép}xcates for

-
v

- ¥
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Experament IV and V, spectavely. .Alfalfa seeds cv.' 520 ° b

(24

_1noculated with a commercial préparat1on of Rhizobium meliloti

-

Qtralns 102F70 and L-26 (Nitragin Co., Milwesukee, W1scons}n) were '
planted at the same séeH.rates of Experlm%nt II11. The grass
speblgg tall fescue cv.' Kentucky 31 ' was sown at a rate of 10
Kg/ha 1n both stands. Each experimental unit (1.60 x 6.6 m)
consisted of eight rows 6.0 m long and O.éﬂ m apart. In
addition, one mxcr&plot (1.0 u’1.6 m) was estgblished
appfbxjmately 1n the‘c?nter of each plot. A;golutxon.of 1g
ammonium sulphate (15NH4)2504) with 99% atom 15N excess dissolved
in i.O 1 deionized water w;s applied to the surface oé the so1l
1n each microplot (1 m2). The amount of N (2.1 kao/ha) added was
very limited to maintain the normal sorl praocess, without
dlsgurbance. An additional 0.25 g Af ammonium sulphate (99% atom

X

p
15N excess) 1n solution wes added to each “microplot annually in

the §pring, to keep thé -level of % atom 15N sufficient to detect

L w

_an the plant tissues,.

he 1l
v

Plots were harvested when alfafa reached 50% hloom stage.
In Experiment IV two cuts were obtained duraing -the seeding year,
and subsequent year, but three culs were peffdrmed in the thard

year. In Experiment V only one cut was obtained during the 1984

‘season and three cuts during the¢ 1985 growing season. At each

harvest, plants were cut 3 cm above the ground level, dried at

80°C for Lhree days, weighed and then ground for total N
. ; / PN
concentration and 15N analyses. .

.
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3.3 'Method of total N concentration analysis

N

Harvested plant materials were dried at BO°C for at least

-~

{hree‘days'to a constant weight and ground 1n a mi1ll with a 0.5

*mm screen (40 mesh). Total N concentration was made with a
Tecator Kjeltec designed to perform N measurements based on the
Kjeldahl method. After grinding, 500 mg legume and grass plant
maéerlals were plgced into separate 250 ml digestion tubes, 12 ml
of concentrated sulfuric acid (Hp504) and 2 kjeltabs of a mixture -
of selenium (Se) ;nd éotass1um sulphate (K2504) were added, 1n

order to i1ncrease the rate of d1§es§1on of organlc,matfer. The

tubes were heated for 1 hour at 425 + 5°C on a Tecator Digestion
. ' ha

System 20. They were removed from the digester, cooled. for 6

minutes approxihately and diluted with distilled water to 75 ml
volume. e

Diluted samples were connected to a steam distillation unit,

Kjeltec Auto 1030, and 40 ml of 40% sodium hydroxide solution

(NaOH) was added to neutralize the H2504 and.to release the
ammonium (NH3). The resulting NH3 in solution was distilled into
25 ml1 of 1% boric acid (H3BO3) and then taitrated with 0.1 N
hydrochloric acaid (HC1) and percentage N éa}culated. Duplacate
determinations were carried out onm each ggouplof 20 samples to
check the pnééiéion of the digestions and distillation -
procedures. Samples of 500 mg were used 1nstead of tHe usual 100

‘mg 1m order to minimize sample error. Tetal reduced N was

+determined from plant DW and percentage N calculated. N

-

. VN

f'-"‘\
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. ~
3.4 Acetylene reduction technique

Nltrqgenase enzyme activaty of the antact alfalfa roots
(Jurner aﬁq Gibson 1980; Knowles 1980)‘was determined by the
acetylene reductaon essay (ARA) 1in both greenhouse and field
experiments. Pi;nts from each treatments and from each
replication were removed between 10.00 and 12.00 hours. Under
greenhouse conditions, the tops were excised and the vermiculite
ior vermiculite/sand medium was separated from the root system by
gentlflshaklng. for the flle experlments,.so;l cores were dug
around each ﬁlant root¢system, approxxmftely 20 cm deep; The
cores were submerged in the water for several minutes to allow
geparation of .the root system from the soil with minimum loss of

nodules and minimum damage to the roots,

The roat system was placed 1n & 1.0 1 reaction jar. One

o !

hundred cubic céntfme;ers of air 1n the jar was replaced by the

-—

same, voiumé of freshly prepared acetylene to provide a partial
pressure of 0.16 atm.‘\ifétylene was generated 1n gsitu by the
reaction of calcium carbide (Caly) with tap water, as described
by Sirois and Peterson (1982). After one hour incubation at room
temperature (25 + 1°C), foﬁr 0.5 ml samples of the gas were
w1thdr§;n from the jdr by syringes, and the points of the syringe
needles were plac%d into large rubber stoppers to prevent

leakage. Thg amount of ethylene was measured with a Gas

Chrométograph 9700-Tm et 72 =+ 1jt equipped with a flame . Te



-~

1oni1zat 1on detector. Compounds were separated on a poropak N
.column and N2 was Phe tsrrier gas. Sample peak height was
compared to a 0.1% ethylene st%ndard, slmifar to that described
by Turner and Gibson (1980). The ethylene standards were
performed with samples which contalned knqqg amounts of

acetylene,

>

Total nitrogenase activity (INA) 1s expressed on the basis
of nmoles or umoles of ethylene (CyHy) produced per plant per

hour (nmoles or umoles CoHg.pl.-1 h.-1). The act3v1ty when

measured per g nodule fresh weight 1% designated specific nodule .
actxvxty,igﬂA) and 1s expressed as nmole? or umoles of (C2Hy)
.

produced per g nodule fresh weight per hour (nmoles or umoles -~

CoHy4.mg nodule-1 h.-1). M

-

3.5 15N analysas

A

15N was analyzed by optxéal emission spectroscopy, followangd
conversion of the sample N to N2 gas according to the Dumas

method., .The principle of this technigue was. based on the fact

that the bands 1n the band spectra of N2 have dufferent
' i

wavelengths kor different 1sotopic composition of the Np

- -

mo lecule. The‘spectrometer 18 deglgned to register the

intensities of the e}ectronxc emission, when the TaN14y molecul% .

i

has a wavelength of 297.7 nm, V4N15N 298.3 nm, and 15N15N 298.9

w

o »

N .
nm (Preston et "al. 198%), The varistion of light 1ntensity with

——
3

4
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different wavelength was final]ly recorded on a strip chart
recorqér and the peak hb}ghﬁ was used as a direct measure of the

intensity. The percentage atom 15N was then.calculated:

L3

atom % 15N = 100 - [ 1)
2R + 1 )

where R = the ratio of peak height for the 28N molecule and 29N

molecule.f - . : ‘

2
v

" Dried plant ﬁaterxal containing ®pproximately 7 ud N was—
introduced to a pyrex tube {6 mm 0. D. and 30 cm léng),Iseal;d at
one end. After adding a ;mall amount of calcium oxide (Ca0) and
a few pieces of cupric oxide (CuD), preheated at 950°C and 550°C,

respectively, the tubé was connected to a vacuum system and
. \

evacuatgd to 10-3 Torr, heated by flameg to about 500°5C to -remove

'

humidity and then treated with s spark from a Tesla coil to

-

remove absorbed traces of gaseous 1mpurities. When the vacuum

system reached {0-“ Jorr, the tube’was sealed off, The tube was
then heated in B furnace at- 550°C to convert organic N of sample
to N2 gas by the presence of Cul. Any traces of;HZO or CO02 that -

arose from plant material were absorbed by Cal and the tube was
‘. , -

&

cooled to room tem?%}atufe.
N2 gas LW“EQe tube qés excxﬂed by a Tesla coi1l, when tube

was set on the electrode of high voltage, and a purpl:sh‘lfght
A B o
was- emtted from the excited Ny mplecule. The peak height of re

T4NT4N gnd VUNISN was recorded .and calculated as described above .

*r

- ' *

rr

.
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»

All '5N concentrations were referred to a standard of
natural asbundance, and 1sotope terminology was according to LaRue

and Patterson (1981) and Rennie and Kemp (1984). Atom percent

. \
15N excess (atom % 75N exc.) 1n plant’ materisl was derived from:
atom % 1°N exc. = atom % 15N -in the sample - atom % 15N in the
' atmosphere { 2] N~

where, the ratio -14N:15N in the stmosphere 18 273 + 3, yielding

0.3663 + 0.0004 atom % 15N, o

3,5.1 15N dilutYon technique to estimate the amount of N2
o . N

£

. *
t?{ fixed and N transferred from alfalfa fo adsociated grass

. A\
-
[}

The isotope dilution technique was carried out ,as follows:

the so1l was smended with 15N labelled fertilizer in a low

.

cpncentrat1on’so that symb1otic'Nz fixat rton was not iﬂhibltqd,'

Thé percent plant N derived from atmosphere (%Ndfa) was estimated

*
-

besed on the following assumﬁ%zons:

. }
. v

1. The fixing plant and the non-faixing control take up N from

" the so1l at the same 15N-label; 1n other words, alfalfa and
- grasshroofs absorb the same proportion bf soi1l N

(mineralized) and sppliéd labelled 15N during the-growing .

’

™~ period; : ¥ - ¢
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~

b
N o

2, Any 1nput from outside the 5011 system, such as N 1n
rainfall, dust or from free living organisms contributed to
both plant species-equally.

The total nitrogen of alfalfa was calculated on the basis that
there are two sources of N auéllable; soll N and N from
étmosphgre in form of Nz geé.' Tﬁereforet N2 fixed by tre plant
originated from u'nlabelled atmospherie Nz that diluted.the
labelled 15N. o - -
‘Total N (alfalfa) = N-fier from atmosphere

.+ .
N uptake from soil - o [ 3]

/
Fa) + [ 1 -“r(an/-
/ )

"

Total N (elfalfa)

frfm fixation process. Using the '>N dilution technj

distimguish the soil N uptake arnd Ny fixed, the e
q / P 27 ’ qQ

18 expreassed as:

< ¢
™~

T

(atom % 15N  exc..alfalfa) = [ atom % 15§ exc. atmosphere x F(a) ]
+ -
“

(I 1-F(a)] x atom % V5N exc. soil) {51

N

[

Since pormslly atom % ‘15N exc. 1n Lhe atmosphere is zero, -and the

‘atom % 15N exc., 1n the so1l 1s also taken up by the control

M - &




‘'of isotopic compasition of grass plant tissues in mixed culture,
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T

(non-f1xi1ng system), then atom % '>N exc. in the soil = ‘atom

15N exc'. 1n the control.

+
P .

(1 -F(a) 1

= "atom ¥ 15N exc. alfalfa’ [6]°
atom % 2N e¥c. control
F(g) = %E: - . _atom % 15N exc. alfalfa ) [ 71
s atom % 1°N exc. control
% Ndfa =[ 1 - atom % 15N exc. alfalfa x 100) [ 8]

atom % T°N exc. control

The N2 fixed was calculated,

N2 fixed = % Ndfa x Total reduced N alfalfa _ [ 9 ]
100 .

The amount of thransfqrréd.from alfalfa to grass (Nt), when
both were grown in association, was estimated from the -difference
with that 1n pure stand as referencé value. Since grass plants
do not fix N2, 1t was assumed that any N supplied to grass »
speciles 1n m;xeduculture originated f;qm the sbil»N uptake and

S
from the associated legumes. Due to the very similar conditions

" of qrass plants grown in both mono and mixed cuﬁﬁbre, the

contribution of N fixed by free living organism or perhaps by

.

organisn assotiated with grass roots are negligible 1n thisg,

'estxmatxon._



e

N uptake from soil,
+
N transferred from alfalfa [ 10 ]

Total N (grass in mixed stand)

Total N (gras# in n%xod’atpnd) “F(E) o+ [‘1 - F(t)] (11.]

where, F(t) 1s the fraction of N in grass plants originataing from

alfalfa, when both grown 1in associastion. Using Lhe 15N dilution

° technique to’ d13t1nguxsh the so1l N uptake and the N transfer

from alfqlfa, the equatlon [ 11 ] was expressed as:
(atom % 15N exc. grass in mixed stgnd)=
(atom % 5N exc. alfalfé in mixture) x F(t)
) (atow % 15N exc.,a%il x [ 1 ~F(t)) [ 12 ]
' {

Since atom % 19N ;xc. in the 801l is uptake by the control (grass

. in pure atandQ; then atom % 15N e;cL soil = dtom.% 15N exc.

control. R

*
[

(atom % 15N exc. grass in mixed stand) =
atom % 19N exc. alfalfa mixture x F(t).

: +
{1 -F(t) ] x (atom % 5N exc. control) [ 13 )

; ©

(atow % 15N exc. grass in mixed sténd) =
[atom % 19N exc. alfalfa mixture x F(t)]

+ .
Tatom % 15N exc. control) ,
(F(t) (atom’ % 15N exc. contrdif] ) [ 14 ]

(atom % 15N exc. grésa in mixed stand - atom % 15N exc. control)
F(t) (nton S 15N exc. alfalfa nlxtura - atom % 15N exc. con{rol)]
& ' 15

« ¢

)f
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Il

(atom % 15” exc, grass in mixed stand)

f(t) = - (atom % 15N exc, control) ‘
(atom & 12N éxc. alfalfs mixture) .
o .
(atom % 17N exc. control). : [ 16

(atom £ 15N exc. grass in mixed ‘stand)

% F(t)= . (atom & 19N'exc. control) x 100
« (atom. % "°N exc. slfalfa mixture)

(atom % 15N exc. control) ‘. L 17]

" The N transferred (Nt) was calculated :
Nt = _ % F(t) x Total reduced N'grass in mixed stand

100 (\ [ 18 )

The reﬁb1nlﬁg amount of N was eatimated as so01l N bptake by grass

1n mixture culture.

¢

Nitrogen benefit (hb) was defined as the difference between

2

total N yield of grass 1n mixed culture and pure stand on a plant.

baéxs.

’

3.6. N difference method

Estimates of Ny fixation by the N difference method were

based on the foflow:ng equat 1on;

N2 fixed = (Total N alfalfa)
‘ (Total N control) [ 19



"

The same nonlegume treatments kgrass 16 monocwlture) were used as
reference plants to estimate N2 fixed by alfalfa 1n pure stand.
For mixture® of alfalfa and a companion grass, the Ng fixed wép
éat1mated by first' adding the total N in the grass in ‘mixed stand
to that of alfalfa 1n mixture culture, then subtrecting the totsal
N contained in the grass pure stand. -However, un?er greenhouse
conditions the total N yield per sleeve or pot (alfalfa plants 1n
monoculture and alfalfa plus grassg plants 1n mixture) Qas used to
be an estimate of N2 fixed, due to the fact they grew 1h N free

medium (Jsgmicul1te°and vermiculite-sand) and received only bassl

fert1lization 1n order to imprové the establishment of the

specles.,

”

A}

3.7 . Concepts used in the investigation of legume-grass mixtures

. o ’
In this section most of the pertinent concepts used to

. ~
investigate competition 1n a legume-grass association are
discussed, ‘ ' 4

3.7.1 Relative croudinéACOBfflcient Y

De Wit and Van den Bergh €y965) defined the relative
crowding coefficient (RCC) as a measure of the éggre331veness of
’ & "
one specles toward the other. RCC 1s a ratio of relative yields

of ijéd cultures to pure‘atand per plant. In this case, RCC

>

ar
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v

. represents the ratio of alfalfa‘prant yield to grass in mixture

versus slfalfe pure stand.

»

-

RCC = Yij/Yfi
‘ “'7?%57}3"

. ' 4 [ 20 )
Where, Yii = mean yield per plant of. alfalfa .in pure stand;
Yij = mean yield per plant of alfalfa in mixture;
YjJ = mean yield per plant of grass in pure stand;
Yji = mean yield per plsnt of gress i1n mixture.

The RCC has a practical.meaning to predict the yield of the

mixture from {he yield of the pure stands.
3.7.2 Competitive ratio

Competitive ratio (CR) is defined as the ratio of the

L4

relative area of monoculture that would be required to produce

the yield obtained by mixtures for each component of the mixed

‘eulture, after correcting the proportions in which the species

'

were sown initially. The CR value greater than unity

' . demonstrates that one species 18 more‘competitive for a factor

than the other species in the mixed culture (Faris et al. 1983).

This rati1o 18 particularly useful when comparing the competitive

abi1lity (degneg.of competition) of different species and 1in

1dent1fying which plant charatters are associated with poor or

\ . . . .
- good competitive abrlity for one limrting factor (Willey apd Rao

' 1980). ~ . ‘

~ -

The competitive ratio 1s expresaesd as € ~
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16

[ 21]

CR = - Yij/Vii x Zab
Y§1/Y3jij »x Zba

where, 2Zgp, 18 the proportion of alfalfa 1n the mixture cdlgure
Zb5C)s the proportion of gress i1n the mixture ;ulture.

-

3:7.3 Relative yield and relative yisld total

Relati1ve yield (RY) relates the yield of each species to 1its
pure stand. RY 18 used to -determine the stability of the mixture
and the competitive ‘relationships of two species (De Wit et gi:

)
1966). The RY of each species in association 18 calculated as:

RY = yield of a species in mixture
‘yield of a species in pure stand [ 22 ]

1

Relqt1vehtctal yield (RTY) is the total of the relative

Al 1

ylelds of the two species in associatlon. “Thas paramefer 18 used
to evaluiate the performance of the mixture through time (De Wit
and Van den Bergh 1965).

-

RTY = Relative yield slfalfa + Relative yield grass t 23 j
|

’ .
4 @
H

3.8 Statastical analysis

»

Data collected 1n the experiments deécrlbed‘above were

' -] v
anafysed through the computing facilities of Forage Crop Section,

b ]
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Ottawa Research Station, Agriculture Canada utilrzing the

-+

- Statistical Analysis Sysfem (SAS). .

!

Analyses of variance weré performed appropréata.to the
design of experiments. Ffor each analys;s, when a'.s1gnificant
treatment effect was found (p<£0.05), a least significant
dlfference (LSD) and Dun ;ﬁ's multiple range tes; were calculated
to determine which treatments means were significantly '

drfferent, The orthogonal comparisons were made within each:,

analysis according to Steel and Torrie (1980).

. (LI
4

Data an nxgrogenase enzyﬁe activity and growth.variables 1n
Experiment 111 asppeared to be non normally dlétrxbuted, 1. e. the
variances were not homogeneous.(Appendlces 17, 2, 3, and 4), .
accordlng,go the Qartlett test (Daniel 1978; Steel and Tor;le
1980).1 In order to normalize the data, natural logarithm
transformations were appf:ed before analyses. In some case
transformation produced data sets coqtalnlng both positive and
negative value;, inflating the coeffxé{enta of variation for

these sets. In these cases, the datg sets were multiplied by

1000 and reanalysed to avoid having negative values 1in the

transformed data. For display in figures the means of the

a

.transformed dats were retransformed, As the data actually'

anglysed were natural logarithm data, th% differences ‘are

~

proportional and ot absoluté,
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v 4. RESULTS AND DISCUSSION

4.1 Greenhouse studles

-

8.1.1 Effect of. grass species on nktrngenase enzyme activity,

+

Experiment I (1982) was the first and simplest of thais
series of .experiments t6 examine the effects of grasses on
alfalfa nitrogenase activity and the benefait of legumes 1n
mixture. In,th1; experl@;ns the isotope dilution technique was
not i1ncluded as a method to assess N fixation, so that only the
acetylené reduction assays were performed and used as’aQAestlméte
of N2 fxxation and nitrogenase‘enzyhe actrvaty.

Total nitrogenase enzyme activity (TNA) 1n this
1nvestaigation (Tbbleﬁ 3 and 4) were less than or similar to those
previously reqﬁftgd for various forage legumes (Yance et él.
1379; Aparicio-Tejo et al. 1980). TNA of alfalfa seedlangs 1n
mono and mixed cultures did not differ signafrcantly before
harvest at early hgd stage and initial flower formation (Table
3). However, 1n‘sg%e cases the TNA of alfalfa grodn n
monocylture was sxg&nflcantly higﬁ?r when compare& to alfaifg ;n
aésoc1at10n with grasses (Table 4). In ali the detérmxﬁatlons,
at 50% bloom stage, alfalfa 1n association had a higher TNA v

value. A marked exception was the trend towards lower activity

of alfalfa 1n association with orchardgrass in the later

»*



Table 3. Total nitrogenase activity (TNA) of alfalfa for the various mono

L)

" and mixed cultures at four determinations after planting July 27, under
greenhouse conditions (Experiment I). -

»

Total Nitrogenase Activity

TREATMENT (umoles C2Ha. hour~! plant=1)

OR
COMPARISON Determinations*

1 2 3 h 4 -
Alfalfa - 0.85a 1.38a 1.77ab 1.51a
Alfalfa with timothy 1.07a 1.99a 1.84a 1.29a
Alfalfa with bromegrass 1.08a 1.208" 1.28¢ 1.128.
Alfalfa with orchardgrass 4.0.99a” 1.68a 1.51be 0.81a
Mean++ 1.00b  1.56a 1.60a 1.188
+SE 0.16 0.21 0.08 0.52
Alfalfa

VS. ~

Alfalfa with grasses - NS NS NS NS -

A

U

Means 1n a column followed by the same letter are not significantly different
at the 5% level of probab1%yty, according to Duncan 8 Multiple Range Test.

™
+Determlnatlon #1 performed 7 September 1982 at early bud stage; determination
#2 performed 28 September 1982 at initial flower formation; determination #3

six weeks after initial harvest on 13 October;
determination #4 performed 3 January 1983,

¢performed 3 December 1982,

NS, No significant difference.

++Means compared horizontally

&

©

é6v



Table 4. Total nitrogenase activity (TNA) of alfalfa for the various mono

and mixed cultures when clipped periddically after plantxng February 14
(Experzment 11).

~

TREATMENT o " Total Nitrogenase Act1v1t¥
OR . - (umales CzHs plant~1 hour-1)
COMPARISON .
Harvest+
1 2 3 4 é
Alfalfa | " 0.95b “1.17a - 0.94b 1.28a
Alfalfa with Taimothy . 1.47ab 1.81a 1.74a 1.36a
Alfalfa with Bromegrass 1.30ab " 1.38a 1.67a 1.85a
Alfalfa with Orchardgrass ' 2.41a 1.86a 0.94b 0.97a
Alfalfa with Tall Fescue 1.43ab 1.85a - 1.49ab 1.29a
Mean++ 1.517a - 1.62a  1.319a  1.33a
+ SE 0.61 0.54 0.53 0.53
[
Alfal v
) Ns.ﬁiﬁ * NS NS NS
Alfalfa with grass :
Means i1n a column followed by the same letter are not significantly different M
at the 5% level of probability, according to Duncan's Multiple Range Test.
,*Harvest 1 pefformed 23 May 1984; harvest 2 perfqrmed 15 June 1984;
,harvest 3 performed 17 July 1984 and harvest 4 pgiformed 24 August 1984, All
, harvests were performed at 50% bloom stage, 4 to 5 weeks after 1nitial

harvest on 23 May 1984, S

*, Saignificant different at the 0.05 level of probability,
NS, No significant difference.

*++*Means® compared horizontally

0§
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assessments 1n both experiments. * ~
The TNA of alfalfa grown i1n mono and mixed cultures
”1ncreased significantly beiween éarly bud staqge and 1i1nitial
flower fonmat1on (Table 3, determination #1 and #2) that was
performed before 1;1t181 harve;t; but the TNA declined
considerably between i1nitial flower formetion (Table 3,
determination #3) and the later bloom stage of alfalfa a;ter
initi1al harvest (Table 3, determination #4). The depression of
TNA 1s8\probably a result of a competative sink for photosynthate
/exh1b1ted at bloom stage, and 1ndicates the tmpogjance of
photosynthate supply to the ”? fixati1on process (Bethlenfalvay
and Phillips 1977; Herridge and Pate 1977)1' Vance et al (1979)
and Crallé and Heichel (1981) found that specific hodule actaivity
(SNA) of alfalfa 1ncreased up to 40-60 days after planting (1. e,

unt1l eatly flower stage). However, SNA declined B8% within 24 h’

. 4 1
after cutting and remained very low duming the next 15 days as .

. ;7

caqpared to control piqnts (unh%rvesféd). After. the 18th day,i
the rate of SNA recovery was fast, and in the 20th day of
regjeyth fhe nodule number snd nitrogenase activity of the
alfalfa plants were SJm;}ar to the control. The decline in
Inodule activaty after shoot removal 1s symilar to reports. with
other legume speci;s (Wi1lson 19&2;vButler EE.Eij 1959; Moustafa

t al. 1969; Whiteman 1970). Moreover alfalfa maintsins nodule

—— ——

structure and funotion which suggests that the caﬂaCJty of N2

fixgtion isfpnly temporarily i1mpaired for a few days (Cralle and

)
1 4
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and Heichel 1981), n the present study, the time of regrowth
was sufficient to allow complete recovery of TNA. ﬁonever, after
10 weeks of regrowth (Table 3, determination #?), the TNA
significantly declined about 25% below that of 6 weeks of
regrowth (Table 3, determination #3), Thlg reduct1on supports
the previous explanation of iﬁe competitive sink for
photosynthate between seed formation and nodules N7 fixation
durxng‘later stages of alfslfa.

Differences 1n TNA of alfalfa alone versus 1n association
were significant only at harvest 1 1in. Experifiént 11 (Tables 3
and 4). These observations agree with the results published by
Craig de Anda et al. (1982) who also found that grasses have no
detrimental effeéts on legume SNA, ' It‘has been reporteh by
Whitehead (1970) that during normal growth and harvest of alfalfa

plants some death of secondary roots and nodule tissue occurs

° k]

with a consequent release of N to the soil. Tpxs may 1nhibat
either additional initiation of new nodules or the'nxtroqenase

activaty of nodules already present. Grasses grown 1in

!

association with legume may absorb the newly released N and thus

reduce the soi1l N mediated 1nhibition of legume N2 fixatidp.
N

¢ \

This may explaxﬁ the i1ncrease 1n alfalfg TNA with time 1n the

mixed cultures. o ‘- o ‘ éﬁgr[
The specific nodule activity (SNA) was determined by

measuring tpe aqount of C2H4 produced per mg of fresh nodule

(Table S). :The nodule effectiveness was almost equal for alfalfe

. .

-,
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Table 5. Specific nodule activity kSNA) of alfealfe for the various mono,
and mixed cultures when clipped periodically after planting February 14
(Experiment II)., .

4

/
Specific Nodule Activity !
(nmoles C2H4 mg. nodule-1 hour-1)

TREATMENT
OR : ‘ Harvest* '
COMPARISON . 1 2 3 4
Alfalfa ’ a 13.7ab  9.5b 12.9a  13.1a
Alfalfa with timothy 15.2a 14.58b 12.3ab 14.2a
Alfalfas with bromegrass . 10.4b- 13.1b 16.%a 13.8a
"Alfalfa with orchardgrass 20.7a 22.8a, 8.9b 8.8b
- Alfalfa with tall fescue 13.9a 14,.8ab 13.0a 11.8ab ) °
S
" Mean*+ '14,8a 14.7a -12.8a 12.2a
+SE . 6.9 4.1 4.8 4.1
* Alfalfa
vs. -
Alfalfa with grasses NS NS . NS NS

. Means 1n a column followed by the same létter are not significantly different

at the 5% level of probability, according to Duncan's Multiple Range Test.
_*Hqtvesi 1 performeh 23 May 1984; harvest 2 performed 15 June 1984;

harvest 3 performed 17 July 1984 and harvest 4 performed 24 August 1984, All
harvests were{performed at 50% bloom stage, 4 to 5 weeks after 1initial harvest
on 23 May 19?k. !

NS, No significant difference.

++Means compsred horizontally

£§



Fr

. 54 . >

1n Edre stand and for alfalfa 1n associetion with grass. The

highest SNA was obtained on alfalfs plants grown with

orchardgrass (harVests 1 and 2), but the activity declined
- - ’

considerably 1n laster messurements (havests 3 and 4). The dats
suggest .that alfelfa grown without competition of grass in the .
early stage of growth and regrowth._plants reached the 50% bloom

stage with all nodules recexving enbpugh supply of photosynthate

to support normal 8ct1v1ty.’ The redﬂ;txon in SNA of
slfalfa/orchardgrasss mixture, seems to be related to the growth
habits (earlx maturing speElesl and competaitive sbility of

«grchardgrass.

4.1.2 Nz fixation, herbage and N yield of alfalfa
" 4
Atom % 15N excess dete of the alfalfa and gresses were

collected from four harvest times (Tables 6 and-7). Atom % 154

excess 1n the alfalfa -was a;gn;flcantlfalower than the atom % 15y

ex;eaa of the grasses, and nearly equal to the level of netursl *

sbundance indicating vigorous Ny fixation by ;lfalfh. To
)quantxfy the amount of N2 fixed by alfalfa, the 1aﬁtopg dilution

method was used 1n the Experaiment II. Data showed Qhat durang

the entire %xpeplment most 1f not all alfalfa N requirements came
" from the &2 frxation. process (gamle B). The proportion of N ‘
c&:fxved from the stmosphere (%@dfa) was frequently observed to be

higher than 95%; and remained rblatxvelyfconstang with slight
“ o
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Table 6. Atom % 15N excess in ahd%ia of alfalfa plants for the various mono
and mixed cultures when clipped periodically after planting February 14 :
(Experiment II). ‘ : : .

] Harvest+ .
TREATMENT 1 2 3 4
(atom % 15N excess)

Alfalfa - 0.17a 0.13ab 0.19a 0.18a .
Alfalfa with taimothy 0.07b 0.0%ab 0.13a -0.09b
- Alfalfe with bromegrass 0.07ab 0.15a 0.09 . 0.13ab
.Alfalfa with orchardqrass 0.11ab 0.11ab 0.11ab 0.12ab
Alfalfa with tall fescue 0.10ab 0.07b 0.08b 0.06b

“ g A"
Meant+ 0.10a ~ 0.11a “0.12a 0.12a
+SE .08 0.04 0.05 0.04

S

Means 1n a column followed by the same letter-.are not significantly different
at the 5% level of 'probability, according to Duncen's Multiple Range Test.

+Harvest 1 performed 23 May 1984; harvest 2 performed 15 June 1984;
harvest 3 performed 17 July 1984 and harvest 4 performed 24-August 1984, All

harvests were performed at 50% bloom stage, 4 to 5 weeks after 1n1t1&1 harvest
on 23 May 198&

++Means compared horizontally



Table 7. "Atom % 15N excesss in shoots of grass plants for the various mono

and mixed tultures when clipped periodically after planting Februa)y 14
(Experiment II ).

Harvest+

-~

k3

TREATMENT B o | 2 3 4

1 (atom % 15N excess) -

D

—— > a

Timothy with alfalfa _ 3.43b 3.23a 4.03a 3.78a
Bromegrass with alfelfa 3.54b ., 3.12a 3.668 5.29a
Orchardgrass with alfalfa 6.10ab 4.12a 3.94a 7.58a ° v
Tall Fescue with alfalfa . 5.3%ab 4.62a 4.02a 4,0%a
Timothy - - 5.58ab .7.39a . 6.26a 5.858 .7
Bromegrass’ - ) 4.45b 6.03a 5.80a 6.2 )
Orchardgrass - 9.048 5.21a 5.80a 7.168
Yall Fescue . 5.60ab JS.63a 5.178 6.54a
Meant++ - 5.38a - 4.838 4.84a 5.57a
+SE . 2,07 2.65 1.83 1.87

Means in a column f&llowed'by the same letter are not significantly different
at the 5% level of probability, according to Duncan's Multiple Range Test.

*+Harvest 1 performed 23 May 19BA~ harvest 2 performed 15 June 1984;
harvest 3 performed *7 July 1984 and harvest 4 performed 24 August 1984. All

harvests were perfofmed at 50% bloom stage, to 5 weeks after initial harvést
on 23 May 1984. . .o

LY

#

++Means compared horizontally

9¢g
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Table 8. Percent of nitrogen derived From atmosphere . (% Ndfa) of alfalfa

for varicus mopno and mixed cultures when clipped perxodxcally after planting
February 14 (Expetxnent 11).

2

<

Percent Nxtroqen Derived from Atlosphere

TREATMENT - _Harvest*
T 2 3 a Mean
Alfalfa : 97.1a 95.5a 96.5a " 96.8a 96.5
Alfalfa with Timothy 9B.2a 97.3a 97.4a 95.7a 97.1.
Alfalfa with Bromegrass 97.4a 98.0a 95.5a 96.9a 96.9

Alfalfa with Orchardgrass '98.2a 97.3sa 98,0a 96.2a 97.4
Alfalfa with Tall Fescue 96.1a 97.3a 98.8a 97.2a 97.9

Mean*++ 97.8a 97.1a 97.3a 96.6a” 97.2

+SE - 1.0 1.5 1.6 1.7 1.5

Means in @ column followed By the same letter are not szgn1f1cantly

different at the 5% level of probability, according to Duncan's :
Multiple RangeTest. P ;

*Harvest 1 pe.?ormed 23 May 1984; harvest 2 performed 15 June 1984;
harvest 3 performed 17 July 1984 and harvest 4 performed 24 August 1984.

All harvests were performed-at 50% bloom stage, 4 to S weeks after initial
harvest on 2; May 1984

++Means compared horizontslly

>
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variations, through the entl;e experimental period. These values
weré much higher than those of Heichel et al. (1981) where the %’
M F1xed xn%purb stands of s;edllng year alfalf-a was approximately
43% 1n the first and fourth harvests end 65% 1n the second and
third harvests., However, these results 1h.the present .
1nvestagation ;;nerally agree with those from axxturea containing
alfalfa or otheé forage f;gume apgcxas; which indxcat; that from
80 to 100% of the legume shoot N can. be derived frop N7 fixation
when growing with grass (Haystead and Lowe 19773 Vallxg et al.
1977; Edmeades and - -6oh {978; Bergersen and Turner 1983; Phallips
et al. 1983;.“est and Wedin 3985). The high values of %Ndfallnf
thi1s experiment reflected the low N content (nearly 0) of the.
medium used where alfalfa plants relied onl& on thear ab%li y to
fix N2. . l ¢
"' There was a élgnifxcant difference in the ;tom % 15N excess
from alfalfa. grown in mlgtures as compared with that ;h pure
stand, specifically when grown with timothy (harvests 1 and 4)
and with tall fescue (herveatg 2, 3 and 4). However,kwhén tqw

date were expressed as %Ndfa this difference disappeared.

These data demonstrated the usefulness d} the 1sotope

"dilution method to measure Nz fixation 1n mlxéq‘suhrds. In this

report, . 1sotope dilution leads to an estrmation of Np fixataon

that exceeded 1n an average of 0.4 to 1.4%, when N2 fixed was,

_measured 1n mixed cultures 1n compquabn with N2 fixed by alfalfa

\

! . - 'Y
1n monoculture. ‘This overestimation was not as severe' as

\ :
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that claimed by Broadbent et gl. (1982) who concluded that the .
15N dilution method cannot be used with a legume—grass‘mxxture
becauserqf‘undérgyodnd t:f;sfer of N from legume to grgéaf This
leads to erroneous estimates of N2 fixation, 1f comparisons are
made between legume and non-lequme 1n the mixture. Howévbr, Bole
‘and Rennie (1983) cla;med that. Broadbent et al. (198Z) overatated
the seriousness of this érror. Recent studies reviewed by Chalk
(1985) éave shown that the 1sotope technique Een be applle& ta -~
the'ﬁeasuremenf of N3 fixation i1n associated pastur;s becéhse

grass and legumés roots are intimately mixed, and therefore ,

sample the same soil N pool. Talbot} et al. (1982) and Fried et

al. (1983) also emphasized this aspect with respect to

intercropping. However, a‘suxtable reference plant 1n pure stend

7

18 required to estimate the relative éontr;butxon of 1ndigenous

. and so1l N to the N nutrition of the fixing*plant. Therefore,

mixing alfalfa with grass did not affect significantly the N2 .)/
fixation by alfalfa. As a matter of fact, it slightly favored (
the fixation process by.alfalfa (prles 3, 4 end B, .and Figures 1
and 2). This 1s related to a reduction of soi1l N available io
‘legumes fhmough more efficient N uptake by associated grasses ’
(Cralg de Anda et al. 1981; Faris and Ta 1985). Also, gfassea
may exér;ge some biologically active substances leading to a

stimulation of lequme Né frxetion. Wahua and Miller (1978) -

_suggested that there 1s a delay 1n the senescence of legume"

A ]
nodules 1h mixed swards. . o
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Figure 1, Dinitrogen fixation by alfalfa in mono and mixed
cultures froe 27 July 1982 to 3 January 1983 (Experiment 1).

Each point is the mean of four observations and the bar ’
represents standard error (+SE) of the mean. Arrow, indicates.
time of harvest.”

‘Delernxnstnon #1 performed 7 September 1982 at early bud sgtage;
determination #2 performed 28 September 19B2 at initial flower -
formation; determination #3 performed 3 Docember 1982, six weeks
after initial harveat on 13 October; deternxnatnon #8 performed 3

January . 1983,

K
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a Alfaifa with umothy

a Alfalfa with bromegrass,
O Alfalfawith orchardgrass
§ Alfalta with tall fescue
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Fiqure 2. Dinitrogen fixation by alfalfa in mono and mixed
cultures from 14 February 1984 to 24 August 1984 (Experiment 1I).
Each point is Lth ean of three replicates and the bar represents .
standard error ($5€) of the mean.

*Harvest 1 performed 23 May 1984; harvest 2 performed 15 June
1984; harvest 3 performed 17 July 1984 and harvest 4 performed 24
Aygust 1984. All harvests were performed at 505 bloom stage, 4 to
5 weeks after initial harvest on 23 May 1984,
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On aébl;nt basxs,bthe absolutg amount of N';E alfalfa
der;ved from N2 faixstion 1n mono and mixed cultures from
Experaments 1 Band II, respectively are shown 1n Figures 1 and 2, -
The amouni of N2 fixed by alfalfa in both cultural systems varied
slxghtly durlnd>the experlmentél period 1n patterns saimilar to
those of %Ndfg. During the entire expsrimental perigqd, slfalfa

plants fixed an average of 55 and 71 mg N/plant 1in pure and mixed

stands, respectléely. Since the propﬁrtxon of %Ndfa was

" relatively constant through time, the main determinants of the

amount of N2 fixed were % N concantration and dry matter

-~

\accumulatxon, bath of which were not affected significantly when

alfﬁlfa grown i1n mixture. Heichel et al.(1981) observed that the ;
rate of Nz fixation was closely linked to the growth rate of

alfalfa. AN

4

The association of alfalfa with grasses did not have a

detrimental effect on dry weight (DW) and N yield per plant

(Figures 3-and a). Nevertheless, the.DW and .N 'y1eld sccumulation
. -

of alfalfa in association showed a trend of 1mbrovement over '

-

alfalfa 1n pure stand. This lesser DW of alfalfa plants in pure

sland may be(a response to intraspecific cohpetltion among the °
legume planfs. In fact, 1t is generslly accepted that
lwpiaspecxflc'compet1t;on 18 more 1ntensxv§ than i1nterspecific 7
competition, and both re;ult 1n a reduction aof DW of the plants

(McCloud and Mott.1953). Dubbs (1971) also concluded that

. alfalfa plants received more competition from other alfalfs

' A



°

< ‘.

63

30

251+

20

10F

DRY WEIGHT ACCUMULATION
(g/plant)
o
{

@ Alfalta
A Alfalfa with timothy

| Alfalfa with bromegrass
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grown in mono and mixed cul and clipped periodically after
planting February 14 (Experiment 1I). Each point is the ‘mean of
three-replicates and the bar .represents standard error (+SE) of
the mean. . '

*Harvest 1 performed 23 May 1984; harvest 2 performsed 15
June 1984; ‘harvest 3 performed 17 July 1984 and harvest. 4
performed 24 August 1984. All hsrvests were performed at
50% bloom stage, &4 to 5 weeks after inmitial harvest on 23

‘May 1984.
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‘ﬂ&gure 4. Accumulation of nitrogen yield of shoot alfalfa plants

grown in mono and mixed cultures and clipped periodically after
planting ‘February 14 (Experiment II). Each point is the mean of
three replicates and the bar represents standard error (+SE) of
the mean.

*Harvest 1 performed 23 May 1984; harvest 2 performed 15 June
1984; harvest 3 performed 17 July 1984 and harvest 4 performed 24
August 1984. All harvesats were performed at 50% bloom stage, &
to 5 weeks after initial harvest on 23 May 1984.

@
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';hese eXperlmental condit 1ons,

65

plants than fr;;?9§asa gpecies when grown 1n mixed stand. Under

it 1s 1mpossxble to separate

- effdcts of each kand of competition, but the intraspecific

~cpmpetxtmn could be nbserved through the reduction of number of

l
Vo,

R N’

'ﬁrom alfalfa to the gr833as.

+ the aggg or the root.

, ) N
quantity of N transferred decl1ned~at ﬁ weeks after cot, moreover

) - - . }
alfalfa plants 1n mixed stand (8 alfalfa plants/pat 1n

monoculture versus 4 alfalfs plants/pot 1in mixed bultpre).. \
' Y , " - o S ¢ *
+4.1.3° "N transference, herbage and N yield of grass o
a-N ‘ ) \“‘ > . ., ' . R N 3,
_The amount of "N transferred.from alfalfa to grass at the
1 7 . . ©, , . {
“four ‘determinatiohs "1s shown i1n Figure 5 (Experiment I)}. As the

grass plagtéflnfassoéietxon grew 1n N free medluh, the N yield 1n

.

grass sheots 18 c0081dered to be the result of N ‘transference

]hese calculations ignpore any N in

N
. © .

‘The thre§ grass gpecles were similar an N

‘brenSFerénce"althnugh orcﬁhrdgrqss showed a slight advantage at

the earlier regrowth stage. However, in‘generél’all"grass =

. N\ :
species benefitted from N transfer from alfalfa dyring thh entire

period., Up to-an avérage of 24“ of the N2 fixed by alfalfa in

The , :

4 -

mlxpd stand was transferred to the 853001ated grass.

*

10 weeks later it showed 31gns of 1ncrease.j e

The 15N d11ut1un techn1¢ue showed that (Expgrlment 11) atom

o
0

>N excess of grgss (Table 7) 1h the mixed stand was lawer than
60
the pure stand, demonstrating that some oF the N2 Fixed by

? hl
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Figure 5. Nitrogen transferred to the grass st each .
delermination from 27 July 19B2 to 3 January 1983 (Experiment 1).
Each point is the mean of four observations and the bar
represents standard error (+SE) of the mean. Arrow indica‘tes
time of harvest.

. *Determination #1 performed 7 September 1982 at early bud stage,
determination #2 performed 28 September 1982 at initial flower
form@tion; delermination #3 performed 3 December 1982, six weeks
after initial harvest.on 13 October; determination #4 performed 3
January 1983, - -

at
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alfal& wa:Jtransferred to associated grass, The proportion 1in
the grass of N transferred (Table 9) varied significantly .with
clipping time, Thé'% N transferred was signmificantly lower
during the f;rat*;egrowth after 1nitial harvest. However, 1n
lgikg assessnents the % N transferred 1ncresgsed substantially and
reached 1ts maximum 1n hervest 4, These results suggest that the
supply of N from excretion 1s low after defoliation dué to the (//
limitation of carbo ydrateghyhxch support the nor?al nitrogenase §
enzyhe activity, an\the contribution 6f N from dgpqz'of nodules
and death of roots was enough t; alleviate the 1n}t181 peri1od of
'N stress 1n the associated grass, ([This 18 1n agreement with the
results of the amount of N transfer ;fter 10 weeks of regrowth
(Experiment I, determination #4) and in harvests 3 and Q% K
(Experiment 11), where the process of minerslization was éble to
'xncrébse th} total amobnt of N transferred (Figures 5 end 6).
The substantial transference of N bbaerved after second harvest
sugqgests that the foot and nodule tissue 18 not totelly
decamposed at 10 weeks. This 18 1n agreement w1tp the
convent1ona{’vxew of gradual m1neral1z§t10n of dead roots and’
nodule tissues from the legume through microbial activity - : .
(Broadbent et al. 1982), . } ‘

Date from Table 9Iand Figures 5 and 6 show a consistent
e :

transference of N to sssociated grass even during the esarly
. LR e N
stages of cultivation (Experiment I, determinations #1 and #2;
Y 3 t .
Experiment 1I, harvest 1). ]hls agrees with a direct excretion

-
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Table -9. Percentage of nxtrogan in grasses transferre

from gssociated alfalfa
from 14 February 1984 to 24 August 1984 (Experiment ~

TREATMENT Nitrogen Transfer
Harvest+
1 2 3 4
%
]

Timothy with/ alfalfa 27.4;@' . 21.6a 54,74 65.1a
Bromegrass mith alfalfa "~ 31.8s8 19.6a 47.3b 65.0a
Orchardgrass with alfalfa 20.7a 16.1a 52.8ab 56.5b
Tall Féscue with alfalfea 18.48 . 15.6a 58.7a 55.3b
. ' ~

Mean++ S S ’ 24,6c 18.2d 53.4b 60.5a
+SE : 6.8 4.8 5.7 ¢ 5.4

Means 1n a column followed by the same letter are not significantly different
at the 5% level of probability, according to Duncan's Multiple Range- Test

*Harvest 1 performed 23 May 1984; h:fvest 2 perfurmed 15 June 19B4;

harvest 3 performed 17 July 1984 an hagvest 4 performed 24 August 1984, A11
harvests were performed at 50% bloom stage, 4 to 5 weeks after initial
harvest on 23 May 1984,

++Means compared horizontally

>

or

89



1a February 1984 to 24 August 1984 (Experiment 1I). Each point
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A Timothy with alfalfa

m Bromegrass with aifaita

O Orchardgrass with aifalfa
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Figure 6, Nxtrogen transferred to the grass at each harvest from

is the mean af three replicates and the bar represents standard
error (+SE) of the mean.

*Harvest 1 performed 23 May 1984; harvest 2 perfocrmed 15 June
1984; harvest 3 performed 17 July 1984 and harvest 4 performed 24
August 1984. All harvests were performed at 50% bloom stage, 4 to
5 weeks after initial hervest on 23 May 1984.
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+absorption aof N excreted directly from the root system of the

70

°

af N compounds from living alfalfa root systems (Faris and Ta
1985). Chujo and Daimon (1984) reported 9hat the growth
acceleration of grass speclies raised 1n aéaocxétzon with red
clover i1n the early stege of growth 1s probebly due to the
legume., The roots of alfalfa and the grasses 1in these

experiments were tightly intertwined.inthe sleeves or pots, and

any N compounds excgeted by, or decomposed from the legume root

.and nodule debris, would be sdjacent to the grass roots.

Values of % total N 1n each harvest from'Experiment Il are

shown 1n Tsable 10. These values were not affected by the basal

. - - ]
fertilization applied in the first week sfter seeding. The

1nitial harvest of the grass 1n mixtures had significantly

)
higher N content than in pure stand, . This supports the
conclusion of beneficial effect of alfalfa to grass species when.
baoth were grown together rather than with anly the application of

N fertilizer to the grass. The presence of alfalfa auaeq'an

and 80% over

all ° (/

fescue, respectively. This may be explained by N reledsed from

average increase of N content 1n gress of 42, 55, 6

the grass control for timaotly, bromegrass, orghardgre

‘alfalfa through either direct excretion and/or decomposition of

nodules and alfalfa plant tissues. Similar results were also
reported by Virtanen et al (1937); Butler and Bathurst” (1956) -
Butler et al. (1959); Henzell et al. (1968); Simpson (1976);

Vallis (1978); HYaystead and Marriott (1978); Broadbent et al

\

>
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TABLE 10. Total .nitrogen concentration ( ) in shoots'of grass plants for: the
various mono and mixed cultures when clap ed perxod;eally after planting
February 14 (Experiment II). -

Total Nltrodbﬂkponcentratlon
Harvegt®
TREATMENT 1 2 3 . 4 Meant+
=
- )
Timothy with alfalfa 1.2%bc 1.87a 1.77a 1.41bc 1.58a
Bromegrass with alfalfa 1.56b - 1.91a 1.53ab 1.75adb 1.69a
Orchardgrass with alfalfa 2.00a 1.78a 1.41abe 1.61abc  1.70a
Tall Fescue with alfalfa 1.48b 1.74a 1.717a | 1.948 1.73@
Timothy o 0.97de . 1.09b * 1.15be 1.23dc 1.11b
Bromegrass 1.17bed 1.14b 1.16bc 0.91d 1.09b
Orchardgrass 0.97cd 0.90b 1.02¢ - 1.1%cd 1.02b
Tall Fescue 0.81d 0.99%b 1.13bc 0.89d 0.96b
’a o
\Jean — 1.28 " 1.43 1.35 o~ 1.36 1.36
ZSE - . 0:18 0.22 0.19  C™ND.21 0.21

b

- - /
Means in 8 column followed by -the same letter are not significantly different

. at the 5% level of probability,

“+Harvest 1 performed 23 May

according to Duncan's Multiple Range Test.

1984; harvest 2 performed 15 June 198B4;

harvest 3 pefformed 17, July 1984 and harvest 4 performed 24 August 1984, All
harvests were performed at 5S0% bloom stage,

harvest on'23 May 1984,

++Means compared vertically

4 to 5 weeks after initial

IL
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(1582); Ta and Faris (1985). Dn:the other hand, alfalfa N
content was not affected by tpe preéence of the grass as compéreg
to that of alfalfa gfbwn alone, demonstrating the absence of a
neg:txve lnferact;on‘of the alfalfa-grass mixture on N content.
>Thé absolute amount of N transferred from alfalfa to grass
ranged frém 1.03 mg N/plant (barvest 1) to 3.34 mg N/plant
" (harvest 4) equivalent to 5.7 and.15.5% of the amount off N2 fixed
by alfalfa 1n the 1n1t;al and later harvests, respectlvély.
Transfer of N from legume to grass 1s important for the growth of
the grass, under low ﬁ ¢ond1t1oﬁs; Visual observations during
present study showed that grass in mixed stend gfew ﬁorS
vigorously than that 1in pure stand. Howeygr,'the tranafer of N
yxd‘not allow the grass plants to érow to‘%heir full potent:al.
D11z and Mulder (1962) quantified transfer of N ana found 1 to 8%
(First cu?) and 6 to 22% (secuné cqt),of the fixed N2 was'
transferred to the ;esociated grass. Simpson (19§§) found 1 to
4% of N2 fixed by the legume was transferred to the graas.! Faris
-and-Ta (1985) re&ortéd‘consxderable N transference fromﬂqlfalfa
to timothy, the amount being equxva!ent to 12% of the total N»
fixed st the early stage of growth. Thus, the quantity of N °
transferred from alfalfa td the agssﬁxatpd grass, as estxmated by
18otope dilution technique 1n this experiment was withan the
~reasonable range obE;;ned by other” workers.

There was no saignificant difference amonqg grass species on

the amount of N transferred, The‘fourﬁgégsses behaved alike,

N

RS
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"althoughctalllf;scue and orctiardgrass showed a8 slight advantage
1n the.later ha;veat. According to Henzell (1962) the increase
of N transfetence may be a function of the competitive ab;l;ﬁy of
the grass componeﬁt i1n the association, Thus;.the advantage

)could pé attr1buted‘t? a Jreater competitxva ability of these two

»

earlier maturing species., Bromegrass and timothy, which are s

<

intermediate and late maturiang species respectlvq}y, benefitted

from the N transference process to-a lesser extent then tall

fescue and orchardgrass. !

a

'Total herbage yield of both grasé alone end.1n mixture with
alfalfa (Figure 7)i1nd1cated that all gress species in mixed .
stand produced thher‘yxeld théﬁ that of grass grawn 1in pure ©
btgnd. "The advantage of ;ddlng 8 legume 1n mixtures to i1ncrease
_forage production 18 1n agreement with thest reported by Henzell

S (1962); Dilz and Mulder (1962); Hamilton et al. (1969);\Hay8teéd-
and Marriott (1978, 1979); Belzile et _i (1983). However, Bqu
was a significant difference among grass speciles. Tall féscue

and orchardgraess were the most responsive species to N

transference with significent i1ncresses of herbdge'yleld. .

Bromegrass and timothy benefitted when grown in mixed stand, but
“both specles were less productive than tall fescue and

Total N yields of grasses were similar in pattern to’

orchardgrass.

herbage yields snd followed an identical trend (Figure 8), The

largest cumulative N was obtained from tall fescue ang -/
' +

e, ' 4
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Figure 7. Accumulation of dry weight of%raas plants in_mono an
mixed cultures, cljipped periodically after planting. Febraz;zN;5/9,4
(Experiment 11). éach point is th¢ mean of three replicate ,ndw\\
the bar represents standard error (+SE) of the medn.

a. accumulation of dry weight of shoot

b.  accumulation of dry weight of root + crown.
c. accumulation of dry weight of whole plant

*Harvest 1 performed 23 May 1984; harvest 2 performed 15 June
1984; hdrvest 3 performed 17 July 1984 and harvest & performed 24

Auguat 1984. - All harvests were performed at 50% bloom stage, & #
to 5 weeks after initial harvest on 23 May 1984,
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Figure 8. - Accumulation of nitrogen yield of grass plants in mono
" and mixed cultures, clipped penodxcally after planting fFebruary

13 (Experimént I11). Each paint is the mesn of three réplicates
and the bar represents standard error (+SE) of the mean.

a. accumulation of nitrogen yield
b.- accumulation of nitragen yield
c. accumulation of nitrogen yield
*Harvest 1 performed 23 May 1984;

1984; harvest 3 performed 17 July

of shoot -

of root + crown

of whole plant

harvest 2 performed 15 June
1984 and harvest 4 performed 24

August 1984, All harvests were performed at 50% bloom stage, &
to 5 weeks after initial harvest on 23 May 1984,
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orchardgrass 1h mixture, and the smallest from timothy and
bromegrass. This Q1fference 1s a reflection of the slzw growth
and regrowth of timothy and bromegrass due to the fact that both
grgss species were harvested before heading. In clipping the
experaiment periodically, when alfalfa reached 50% bloom, the
earlier grasses were more mature, and benefitted more 1n the
mixed stand. Thus, the productivities of the grass species used
1in this study were different and appeared to be related to the

a
growth habits and competitive abilities of the species.

4.1.4 Competition between alfalfa and grass

The competitave effects were conducted with objectaives to
evaluate the changes 1n each component species during the growilng
time, under greenhouse conditions, Then, any changes 1n thé
compet itive ability of the species may not be relsted to the
field experiments.

The competitaive ef fects of alfalfa on grass, and
vice-verss, expressed as the relative crowding coefficient (RCC)
are shown 1n Figures 9 and 10, The competitive e fect of alfalfa
with respéct to grass decreased significantly with harvest time
(Figure 9). In contrast, the RCC of grass 1n comparison to
alfalfa 1ncreased with time of clipping (Fiqure 10).’ The greater
compet 2tave ability of alfalfa 1n the early harvest was due
mostly to the capacity of alfalfa to fix N and the very low

growth rate of the grass species under poor N medium. The

A
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Figure 9. Changes in the relative crowding coefficients of -

alfalfa on grass at four harvests. Each point represents the
mean of three replicates and the bar. is standard error (+SE) of
the mean. <

*Harvest 1 performed 23 May 1984; harvest 2 performed 15 June -
1984; harvest 3 performed 17 July 1984 and harvest 4 performed 24

o’ August 1984. All harvests were performed at 505 bloom stage, 4 to

5 weeks after initial harvest on 23 May 1984,
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Figure 10, Changes in the relative crowding coefficients of
grasses on alfalfa at four harvesta. Each point represents the
mean of three replicates and the bar is standard error (+SE)

of the mean.

*Harvest 1 performed 23 May 198B4; harvest 2 performed 15 June
1984; harvest 3 performed 17 July 1984 and harvest 4 performed 24
August 198B4. All harvests were performed at 50% bloom stage, 4 to
5 weeks after initial harvest on 23 May 1984, "
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1ncrease of the competitive ability of gfass after hervest 2
suppgrted the conclusion that the gress species benefitted
1ncréag}ngly from the N transference process. It appears that
clipping 1ncreased the competitive sbility of grass when grown 1in
mixed culture. |

v These/d1fferences can 1ndeed be explained 1n genhs of the

effects of clipping on the two species. Both alfalfw and grass
v I

. make demands on the N resources..-Ths alfalfa plants however, are

able to fix almdst all their N requirements from the atmosphere
9

unt1l the energy requirements of this process from photosynthesis

are cut off (Table 8). So clipping 1n this case produced

favdurable conditions for the growth of gress plants through the

lava1lab111ty of the N compounds from any sloughed of f nodules and

root tissues (Butler et al. 1959) but more likely from leached
alfalfa root N. Thus clipping decreased the competition of
alfalfa against grass and increased that of grass on alfalfa.
Chujo and Daimon (1984) reported that growth ascceleration of the
grass specxé% 1ncreased 1n associatlon with the legume eten
during the early stage of cultivaetion. Faris and Ta (1985)
recently found a considerable N transfer during the 1nitial
clipping of the legume plants and this process 1ncreased with
subsequent harvest times,

- The enhancement of the competitive effect of grass specles
varied between harvests. Orchardgrass and tall fescue 1n harvest

3

4 tended to compete aggressively with alfalfa and elmost



. ) \
- . dominated the mixture, which 1s expréssed with high RCC. These

two grasses were slightly more responsive species to N

traanerence (Fiqure 6), which corresponds to their accumulation

- of dry weight and N yield (Fljures 7 and 8). Thus, the 1ncrease

1n competitiveness 138 related likely to the amount of N o

transferred from alfalfa and the efficirency 0f both grasses in
utilizing the available N 1n the medium. Timothy was a specles
with an 1ns1gpr1cant increase 1n cémpetltlve»effect during the
experlqent, anq 1t showed less productavity with clipping time.
The competitive ratio (CR) values presented 14 Figures 11
and 12 represeﬁt the degree of competition between alfalfa and
g;&se 1n mixed culture. A CR value equal to 1 1ndicates that
this crop has a higher competitive ability when compared with the
T other aiec1es 1n the mixture (Willey and Rao 1980; Faris et sl.
1983). ‘pR values followed the same pattern as.the relative
c}owdlng coefficient values. In general, alfalfa was more
cémpetlblve than the grasses specially at the early harvest as
. compared with the other three harvests. Nevertheldss, 1n° later
harvests when the grass speéxea benefitted from N transference,
the competitive ability of grasses increased significantly. As a

.

result, alfalfs decreased in its gompetltnve abi1laity.

Orchardgrass and tall fescue had a8 high CR 1n the later

d

assessment, as compared with the other gresses. The 1ncrease 1n

competative ability and dry weight production by those grasses

seems to, be related to their growth habits associated with the

’.ﬂ.

1
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at four harvests. Each bar represents the standard error

of the mean.
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1984; harvest 3 performed 17: July 19848 and ha
August 1984. All harvests were performed at 50%

5 weeks after 1initia

k2

3 Alfalfa with timothy .
B Aifalfa
3 Altalfa
£33 Alfalfa

with bromegrass ~

with orth,ﬁgrass
with tall fescue

n mixture with grass
(+SE)

23 May 1984; harvest 2 per formed 15 June

1 harvest on 23 May 1984,

rvest 4 performed 24
bloom stage, 4 to



. 86 . : :
14
[ XN e
L] 4
! .
! by ,
w
‘ .
»
’
’ 1)
) <&
1 R 1
X .
' * Timothy with alfalfa
Il Bromegrass with alfalfa .
. R 3 Orchardgrass with alfalfay "
. B3 Tal fescue with alfatfa”
o 3r _ '
- __ . -
2z i {
= .
[ 2 XV IE=1 . ‘e
@2
<z T -
k- ® 2 [
o }: = %
w o % »:o
s = K 3 N
-3 K -
0 1L 3 - e -
- h:- :o: v:o
[ ] ) e
15 *e! 15¢3
% % 5
[ ]
: : y
5l Ye! e
X 4 ¢ Pe! e
| 2 3 4
HARVEST?

Figure 12. Grass shoot competitive ratio in mixture with 'alfalfa
at four harvests. Each bar represents the standard error (ISE)
of the mean. . ,

*Harvest 1 performed 23 May 1984; harvest 2 performed 15 June
1984; harvest 3 performed 17 July 1984 and harvest 4 performed 24
August 1984. All harvests were performed at 50% bloom stage, 4 to
S weeks after initial harvest on 23 May 1984,
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" grester access to N from alfalfa. Bromegrass and timothy, which
are 1ntermediate and late maturing species, respectively, varied
the ‘competative performadce dufxng the season.
* The productivaty of the alfélfa-graas mixed culture relative - -

to the pure stand 18 shown 1n Figure 13. A relative yield total
(RYT) greater 'than 1 1ndicates the yield advantage of 8 mixed
culture over ; monoculture (De Wit and Van de Bergh 1965). RYT
was gredter than 1 1n all mixed sysgem;. However, the

-

composition of RY1 differed between crops and among harvests. At

LY

the earlrest Harvest the relstive yi1eld (RY) valges of timothy,
orchardgrass and tall fescue were less than 1, ;nd th'ose of
alfalfa were greater than 1, The main reason for the small grass
RY value was the poor competitive abil1ty bf the‘grass. Howevef,
after the second harvest the RY of grass was always higher than

}lfalfa, demonstrating the beﬁef;01al effect of alfalfa to the

development of grass in mixed cultures, N

4
-

4.1.5 Conparxsdk of methods for estimating Nz.fixalion by
alfalfa ) «

Estimates of N2 fixation by acetylene reduction assay (ARA),
difference method (DM) and 15N dilution technlhue (ID) are given
in Table 11. As the interaction between measurement technlques
ané cultural systems was not significant, the values presentpﬁ in
Table 11 are the main effects of both., DM and ID technique gave

* a high estimate and ARA the lowest. DM and ID gave estimates of -

/ e .
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Figure 13. Yield advantage of alfalfa and grasses in mixed 1
cultures at four harvests. Data expressed in relative total X
yield units. i :
- *Harvest 1 performed 23 May 1984; harvest 2 performed 15 June i
1984; harvest 3 performed 17 July 1984 and harvdst 8 performed 24 .
August 1984. All harvests were performed at 50% bloom stage, 4 to
5 weeks after initial harvest on 23 May 1984. }

¢

° 4



’;)n\

3 !
v ) v .
% . .
¥ Table 11, Dinitrogen fixed by alfalfa in mono and mixed cultures
when clypped periodically after planting February 14, messured by
three techniques (Experiment II). Velues in parentheses are the
standerd error of the mean for each technique.

. // )ﬂ v Nz fFaixed . .
MeasBurement Technique Harvest+*
or 1 2 3 4 Mean*++
. Cultural System mg N/plant i
Acetylene Reduction 9.37b 6.01b" 5.54b 4.46b 6.35b
* (3.22) (2.23) (2.09) (1.72)
_Isotope Dilution 16.20a 16.22a 15.508a 21.26a 16.58a

*{2.23) (2.12) (2.02) (2.07)
16.20s8 17.42a 17.638 18.74a 17.49%

-t

Difference Method

. Y (2.92) (2.20) (3.62) (2.90) ;
Cultural System e e m e
Alfalfa alone 11.76b  11.30b  11.24a  12.02b  11.57b
Klfelfa with grass 16.09a 15.13a  12.53a 17.628  15.34a
Mean*+ ) 13.916  13.21ab - 11.89b 14 B2a  13.46
+SE 1.70  1.53 2.22 2.6 2.72

¢
"

Means 1n a.column followed by the same letier are not significantly
different at the 5% level of probability, according to Duncan's
Multiple Range Test. . ! '

*Harvest 1 perfarmed 23 May 1984; harvest 2 performed 15 June 1984;
harvest 3 performed 17 July 1984 and harvest 4 performed 24 August
1984, All harvests were performed at 50% bloom stage, 4 to 5 weeks
after 1ni1t1al harvest on 23 May 1984,
4. Y*Means compared horizontally s
/ﬁ‘+++Means compared vertically

- . "

-3
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N2 fixation that were not different significantly. Although, fhe
y assessments of N2 fixatipn by DM exceeded those produced by ID by
an o%erall average of 5.7%, This suggests that the DMthll
pFOVrde a representative N fixation value where the thg medxgﬂ/
conditions permit proper development of control plants. For
example, at harvest 1, ID and DM produced essentially the same
values (16.20 mg N/plant), 1ndepéndent of the cultural systems,
These fxndlpgs concur with those reported by several other
résearchers, but conflict with certain other results. Legg and
Sloger (1975) éfter 1ncorporating 19N labelled fertilizer. N 1nto
the 'so1l, found excellent agreement between the DM and ID \
throughout the seas;n, ﬂllllams'g; al.. (1977) déierm1néd the
relation between the two methods and fourd that they are strongly
linear (r=0.98). Previous values cited for N fixation measured
‘by the DM for annual leéumes, however, may havé been
underestimated by about 40% (Holland et a8l.1969). Martensson and
Ljunggren (1984) comparedvthe derived total N, fixation values
fram DM and 1D, and concluded the ID gave a significantly 1ow
valusiof_Nz fixed. Coale et al. (1985) compared ID and DM to
quantify the %Ndfa and the amount of N Firxed. %hese comparisons
showed tgat there was no dlfférence between methods. “ s
Nevertleless, there was a difference 1n the precision of the
met hods. The ID consistently had a {ower standard deviation théﬁ
DM for both parameters. Rennie (1984) stated that DM was a

reflable method 1n experiments 1n which so1l N level

N
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&was 18 so that non-fixing plarmts showed ngns of N'defxclency.
He concluded that DM can be used with reasonsble confidence to
estimate Ny fixation 1n field grown legumes, when the fertilizer
us? efficiency of the fixing syste% 18 1dentical to that of the. P

nen-fix1ing system. Howevell the ID method offers greater |

-

sensitivity compared to the DM (Ruschel et al. 1979; Talbott et

al. 1982; Broadpent et al. 1982), which 1s an advantage when
measuring relatively low rates of Ny fixation. Several authors

_have also commented on the higher precision of ID estimates of |
%Ndfa gompared to yleldjdependegt estimates based on total N
difference (Ruschel et al. 1979; Talbott et al. 1982; Rennie and
Rennie 1983; Rennie 1984). '

Uﬂf*'%ﬁ;&ptes by ARA were always significantly lower than \J

those by the .other two methods., A picture. of the,ecetylene |
reduction through the growing season 18 shown 1n Tagfe 4, Ihe
amount of N7 fixed was calculated by converting the rates of
acetylene reduction to raieq N} ;gzbctlon with a conversion

factor of 3:1, and integrating the daily values for the season

and adjusting for circedisn variation of the nitrogenase enzyme

~ . i

function. The total amount of Nj f;xed was estimated to be an ‘
averége 4.46 to 9.37 mg N/plant. Thus, ARA method gave the
lowest Ny fixation values and the e}ror was notable due to the
great variation of nitrogenase activity among alfalfg plants.
/7

These variations may be explained by the facts that a mixture of '

Rhizobium strains was used 1n association with the genetlcai

. -
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vari1ations that occur wlthlp the alfalfa population (Tough and
Crush 1979). In spite of the varistions already mentioned, the
ARA provides a useful test for studying the nitrogenase enzyme
activiaty, However, many precautions are necessary when using the
ARA for estimating total Ny fixed by alfalfa, and 1t 1s possible
that still further precautions are required.

tstimates of N» fixation from alfalfa grown 1n mixed culture
was always significantly greater than that grown alone. Under
these conditions, the results suggest that grass may stimulate Ny
fixati1on of alfalfa when both are grown i1n association. Thas 1s
likely due to the vtilization by the gress of N excreted 1nto the
medium by the alfalfa. A comprehensive review of alfalfa-grass
mixture research showed that legumes sgsecrete nitrogeneous
materials that are used efficiently by associated grasses. Thus,
1f the grass‘®removes this N from the medium, there will be no
inhibitory effect of these nitrogenous cémpounds on the Ny ’

fixation process.

Our data ;re consistent with the results of others (Ruschel
et al. 1979; Broadbent et al. 1982; Talbott et al. 1982; Henson
and %81C%;l 1984; Vasilas and Ham 1984; Coale et al. 1985) and
suggest that the ID fZ?hnlque 1s the method that provides the
best estimates comparea to the ARA and DM, when the most precase
field measyrements of N; fixati1on are needed. Ho%fver, the )

samilarity of the results belween the DM and ID techniques

suggest that the former may be adequate when resources for

Fd

-
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1sotope experiments ®are limiting. Alsos the results indicated
that mixed cultures of alfalfa with grass have no detrimental
ef fect on the sability of alfalfa to fix Ny, 1ndeed the presence
of the grasses may 1ncrease alfalfa Nj fixation.

s

4.2 Field studies

4.2.1 Experiment II1 - b

Experiment 111 was conducted over a two year period to
examine the seasonal changes 1n n;trogenase enzyme activaty of
alfalfa 1n pure and mixed cultures. The other growth variables
dry matterffplant height, N yield and N benefit through the
vegetatave growth and regrowth 1n successive harvests were also

examlined.

4,.2.1.1 Seasonal changes in the growth and nitrogenase, activity

- - -

of alfalfa '

The 1nclusion of grasses 1n the mixtures did not have any
si1gnificant effect on dry weight per plant of alfalfa
(Faigure 14), However, 1n the second year, dry wefghts 1n m}xture
tended to be higher than ¥n $ure stand later 1n the season.
ther harvest, shoots of thé plants regrew slowly up to 9 days.

from day 9 to 20 there was a3 rapid rncrease 1n shoot weight which
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Figure 14. Seasonal changes in shoot dry weight of alfalfa
plants grown in mono 'and mixed cultures sampled before shoot
removal and during herbage regrowth (Experiment I1I). Values
shown are the retransformed natural logarithm of Lhe means for

each treatment. Fach point 1s the mean of
Arrows indicate time of harvests.

a. seeding year, 1983

b. subsequent year, 1984 §

five replicates.

Harvest 1 performed 23 July 1983; harvest 2 performed 26 August

1983; harvest 3 performed 5 July 1984.
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reached the 1nitial values by dasy 30 1n the seeding year and by
day 40 :i1n the second year. Dry weight of alfalfa plants 1n the

second year after harvest was slmost twice as high as in the

»

first yesr.

There were no s1fnificant differences i1n the seasonal
varration of total nitrogenase activity (TNA) between alfalfa 1in
mono and mixed stands throughout the experimental period (Figure
15). The average TNA of alfalfa plants was 383 nmoles
CaH4/h. plant for the first 36 days and 1ncreassed to 432 nmoles’
CoH4/h. plant by day 50. Moreover, ;Qe TNA declined about 70%
within 48 h. after harvest for both ;ears (Figure 15). There wa%
a major recovery of TNA from day 9 to 15, af ?} harvest and’by
day 23 the activity rose to a8 maximum of 550 nmoles of CoHg/h.
plant. In 2 yesr old alfalfs plants, the TNA measured 1n spring
(June 23) ave}aqed 273 nmoles CoHg4/h, plant, but declined
significantly to 28.5 nmoles CoHy/h. plant wathin 24 HK, after
shoot removal. However, 20 days'aftér harvest the nodule
activity had returned to the previous levels as measured on June
23 (Figure 15b). Despite the similar proportional decrease 02 71
and 79% 1n nodule activity after cutting in the seeding year and
1n the second year plants, respectively, the recovery rate of
alfalfa TNA 1n tge later was faster than 1n the seeding year and
reached higher levels,

The decline of TKNA d} alfalfa with herbage rqmoval and 1ts
’
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Figure 15. Seasonal changes in total nitrogenase activity of
alfalfa plants grown in mono and mixed cultures sampled before
shoot removal and during herbage regrowth (Experiment III).
Values shown are the retransformed natural logarithm of the means
for each treatment. Each point is the mean of five replicates.
Arrows indicate time of harvests.
a. seeding year, 1983

b. subsequent year, 1984
Harvest 1 performed 23 July 1983; harvest 2 performed 26 Auqust

1983; harvest 3 performed 5 July 1984,
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recovery with the onset and extent of the vegetative regrowth
were similar to that observed'ln white clover (Mouéta;a et al.
1969; Sinclair 1972) and similar to the effect of‘stem g1rd11ng'
in soybean (Hardy and Havelka 1975) and shading 1n peas {Raponen
1970). In fact, removal of stems and leaves 1nterrupts the
supply of current photosynthate that are essential for nodule
formation, function (Butler et al. 1959; Whiteman 1970),
maintenance (Moustafa et al. 1969; Vance et al. 1979; Cralle and
Heichel 1981), 1llustrates the 1nterdependence of N fixation and
canopy photosynthate capacity. The rapid decline in TNA of
8lfalfa plants supports the substantial evidence that shoot
removal causes temporary senescence of the nodule and that the
recovery of nodule activity depends upon vegetative regrowth
(Flgur;s 15). The reduction of TNA after harvest 1s 1n agreement
with data obtalned\from other legume speciles (w:lsoq 1942; Butler
et sl. 1959; Whitemean 1970). However the maintenance of nodule
activity at low levels (123.9 nmoles CoH4q/h. plant and 60.3
nmoles CyHg4/h. plant an the_f:rst and second year, respectively)
points out the role of reserve carbohydrate 1n the rogt, vascular
system or nodule 1n sustaining nitrogenase activity, so that the
capacity for N7 fixation 1s only temporarily ;mpaxred. The
recovery of TNA was faster 1n the second year of alfalfa than 1n
the first year, demonstrating that the larger root system of “the

older alfalfa had greater ability to supply reserve carbohydrates

to support/ vegetative regrowth. .
L]
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The specific nodule actavuty (SNA) (Figure 16) showed a
pattern parallel to that observed for TNA, fhe nodule
effectiveness, however, was almost equal for alfelfs 1n pure
stand and for alfalfa 1n essocilation with grass. Harvest caused
a si1gnificant decrease of SNA 1n the seeding year. However, 1n 2
yéar old alfalfa, there was a slight i1ncrease 7 days after
harvest, although the SNA values at gpring (June 23) were lower
as compared with those after harvest (Figure 168): This could be
explained by the effect of carbohydrate competataive sink for seed
formation 1n late bloom stage of alfélfa. This agrees with the
evidence presented by Cralle and Heichel (1981) that nodules are
weak sinks compared with oth;; tissues, Also, the chilling
1njury may .limit the N2 fixation capability after the noddles
were exposed to cold winter temperatures.

the rate of recovery of SNA 1n seedlings and 1n older plants

of alfalfa was proportional to the rate of herbage regrowth

-,

(Figure 1&5. Although the recovery of SNA was fast 1n both
cultural systems, the nodule activity i1n older alfalfa plants
reached higher values than 1n young plants, and the same trend
was‘also observed for N yield (Figure 17). This 1s consistent
with the fact that older plants usually fix more nitrogen by
symb1osis than younger ones. Sheehy et al. (1980) reported that
any alteration i1n the photosynthetic rate over a sufficiently.

long period of plant growth associated with nodule mass will be

reflecteq 1n the nitrogen accumulation from the fixation process,

’ . ‘ N
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- Figure 16. Seasonal changes in specific nodule activity of

alfalfa plants grown 1n mono and mixed cultures sampled before

-shoot removal and during herbage regrowth (Experiment III).

Values shown are the retransformed natural logarithm of the means
for each treatment. Each point is the mean of five replicates.
Arrows indicate time of harvests.
a. seeding year, 1983

b. subsequent year, 1984
Harvest 1 performed 23 July-1983; harvest 2 perforned 26 August

1983; harvest 3 performed 5 July 1984,
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Figure 17, Profiles of niirogen yield of alfalfa ﬁlanta

grown in mono and mixed cultures ssapled before shoot
removal and during herbage regrowth {Experiment 1I1).

Values

shown are the retransformed natural logarithms of the means for
each treatment,

Each point is the mean of five replicates.

Arrows indicate time of harvests.
a. seeding year, 1983

" -b. subsequent year, 1984 ,
Harvest 1 performed 23 July 1983; harvest 2- performed 26§

August 1983; harvest 3 performed 5 July 1984.:
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‘ The 9an1f1cant deﬁ;eese of SNA assessments conducted at
August .23 .1n the seedxnb year, snd at August 20 1n éhe second
year could be attributed to decreasing temperatureg\gsd to the
advanced stage of alfalfs plants. Extreme temperatures are known
to reduce nitrogenase ¥ctavity 1n nodules of both annual and
perennial legumes (Day and Dart 1969; Masterso; and Murphy 1976;
Munns- et al. 1977). U81;g intact nodules of alfalfa, Day and
Dgrt (1969) found a linear 1ncrease of nitrogenase activaty from
5 to 25°C. While Cralle and Heichel k1982) who pI;Eted logt
nodule actyvity versus—absolute temperature, found a non-linear
increase 1n nitrogenase activity between 20 and 35°C. S1m118rg
pattern§ of Jn;;ease have been reported for the nitrogenase
activities of severa; legumes species (Hardy et sl. 1968). The
chilling 1njury of nodules -may be related to the b1olc»91cal‘~
change of nitrogenase enzyme (Moustafa et al. 196%9) or to rapid
change 1n the membrane permeability of the nodules (Levitt

1972). Undoubtedfy, the responses ¢of nitrogenase enzyme activaty

to temperature vary with the ontogeny of the plant (Cralle and

7

Heichel 1982).

4.2.1.2 Seasonal changes in nodule weight of alfalfa
¢ [
Shoot removal cauéed no significant loss of nodule weight in
the séedlng year, however a significant loss of nodule weight was

observed i1n 2 year old alfalfa after harvest (Figure 18).

@
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Figure 18. Seasonal changes in nodule weight of alfalfa
plants grown in mono and miixed cultures sampled before shoot
removal and during herbage regrowth (Experiment II1). Values
shown are the retransformed natural logaritha of the means for
each treatwent. UEach point is the mean of five replicates.
Arrows indicate time of harvests,

a. seeding year, 1983

b. subsequent yeasr, 1984

Harvest 1 performed 23 July 1983; harvest 2 performed 26
August 1983; harvest 3 performed 5 July 1984.
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The nodule fresh weight. after initial harvest decl1gpd slightly
and remained constant from'day 2 to 10 and then 1ncreased between
days 10 ta 30 (Figure 18a). Nodule weight of 2 year old alfalfa
-plants decreased from about an average of 200 mg per plant ito 30
mg per plant, efter shoot removal. Thereafter 1t 1n?reased
slightly until the end of the experiment. In other forage
legumes, (red clover, white clover and birdsfoot trefoil)
defoliati1on or grazing hés been shown to cause shedding of
nodules with apparent éelnfectlon and formation of new nodules
(Wilson 1942; Butler g_t__g_l_ 1959; Whiteman 1970). The data from
gseeding year alfalfa plants 1in the present study suggest that
alfalfa have the ability to adapt to the stress of shoot removal
by maintaining an‘unchanged or slightly reduced nodule weight.
Vance et 8l. (1979) reported that the maintenance of nodule masd
by alfalfa plané after harvest was attributable to abillty‘of the
n;dules to continue growth and the prolonged survival of a
functional apical meristem on the elpégated nodule. This may be
important 1i1n explaining why the caS;c1ty of Np fixataion by
alfalfa 1s only temporarily impaired (Figure 15), and why alfalfe
has a rapid regrowth potential as compared to other forage
legumes. The decrease of nodule weight (Figure 18) encountered
.1n 2 year old alfalfa after harvest could be attributed to the
senescence or to the decay of older nodules that had

overwintered,

N
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4.2.,1.3 Profile of the effect of alfalfa on grass species

The association of alfalfe with grasses 1ncreased gra;ses
togal nitrogen (TN) concentration before and after 1nitial
harvest during the seeding year (Tables 12 and 13) and the
subsequent year (Tables 14 and 15). However, the i1ncrease of %
TN 1n the second year was more merked than the first year. The
enhancement of grass N content and crude protein by association
with legumes has previously been reported (Di1lz and Mulder 1962;
Birch and Dougall 1967; Hamilton et al. 1969; Dubbs 19713
Chestnutt 1974; Haystead and lLowe 1977; Haystead and Marriatt
1978, 1979; Craig de Anda et al. 1981; Kroth et al. 1982; Belzile

i

et al. 1983). .

—p

In the seeding ye€éar, TN content of grasses grown 1in
association did not vary in the same extent as grasses grown i
pure stand, but these values tended to decrease during the
growing season. The result indicated that in the earlier stage
of development, there was a relative abundance of availlable so1l
N to support the initial phase of the growth. However, at the .
end of season the depletion of soi1l N, mainly under grasses 1n
monoéulture resulteélln the reduction of TN. The 1nclusion of
alfalfa significantly i1ncreased the TN of grasses 1n almost all
estimates, with the exception at July 3 1n the seeding year.

Although this 1i1ncrease did not correspond to the increase 1n N

" yireld (Figure 19). This may be due to the competition between

~
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Table 12. Total nitrogen concentration (%) in shoots of grasses for t

’

he various mono and mixed cultures
. sempled before harvest and during herbage regrowth in the seeding year, 1923 (Experiment III)*.

Determination X
< 1 2 3 4 5 é 7
3 Juty 23 July 25 July 2 Aug. 8 Aug. 16 Aug. 23 Aug.
TREATMENT (Total Matrogen Concentration %)
Timothy (1) with alfalfa 3.,06a 2,268b 2,09 2.24b 2.19a 1.94b 2.10a
Timothy (2) with alfalfa 2.99%  2.31ab 2.24a 2.45a 1.80b 2.35a 2.08a
Bromegrass with alfalfa 3.08a 2,36a 2.29a 2.49a 1.79%b 1.8%9%c 2.0%9a
— P
Timothy (1)+* 3.02a 1.74d 71.86¢c 2.17b 1.90b 1.77dc 1.82b
Timothy (2) 2.92a 2.06bc  1.99bc  2.20b 1.48c 1.73d 1.75bc
Bromegrass 2.80e° 1.98cd 1.95bc 1.89c 1.55¢ 1.70d 1.72c ‘
Mean 2.97 2.12 2,07 2.24 1.79 1.89 1.92 /
+ SE 0.28 0.19 0.1 0.10 0.14 0.09 0.06

© 801

Mean 1n a column followed by the same letter are pot significantly different at the 5% level of probability,

according to Duncan's Multiple Range Test.

+ Harvest ;1 performed 23 July 1983; harvest 2 performed 26 August 1983.
+ Timothy (1) cultivar ‘climax’
Timothy (2) cyltivar 'salvo'

{

e



Table 13. Total nitrogen concentration (%) in roots of grasses for the various mono snd mixed cultures
sampled before harvest and during herbage regrowth in the seeding year, 1983 (Experiment III)*.

Determination
&
1 2 3 4 S 6

3 July 23 July 25 July 8 Aug. 16 Aug. 23 Aug.
TREATMENT \\\ ’ (Total Nitrogen Concentration %)
Timothy (1) with alfalfa 0.72a 0.71b 0.67ab 0.72b 0.64c 0.75b
Timothy (2) with alfalfa 0.70sa 0.82ab 0.73ab 0.89sa 0.92a 0.93a
Bromegrass with alfalfa } 0.73a 0.80ab 0.79a 0.60c 0.78bc  0.81b
Timothy (1)++ 0.68a 0.70b 0.65bc 0.56c 0.52dc  0.42d
Timothy (2) , 0.5% 0.60c 0.66b 0.49d 0.53d. 0.38d
Bromegrass - 0.58b 0.57c 0.54c¢ 0.40e 0.55d 0.60c
Mean : 0.67 0.70 0.67 0.60 0.65 0.64 &
+SE 0.06 0.06 0.08 0.05 0.06 0.06

/#:
Mean 1n a column followed by the same letter are not significantly different at the 5% level of probability,
according to Duncan's Multiple Range Test.

* Harvest 1 performed 23 July 1983; hagvest 2 pd%formed 26 Auqust 1983,
++ Timothy (1) cultivar 'climax' !
Timothy (2) cultivar 'salvo' ’

-
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Table 14, Total nitrogen concentration (%) in shoots of grasses for the various mono and mixed cultures
sampled before harvest and during herbage regrowth in the subsequent year, 1984 (Experiment III)+.

-
Determination -
. 1 2 3 4 S 6 7
23 June 5 July 12 July 30 July 3 Aug. 14 Aug. 20 Aug.

“TREATMENT ‘ (Total Nitrogen Concentration %)
Timothy (1) with alfalfa 1.88a 0.88a 2.15b  2.47b 2,50b 2.42b 3.00c
TimotHy (2) with alfalfa 1.55b 0.928 2,12b 2.63b 2.67b 2.578b 3.93b
Bromegrass with alfalfa 1.58b 0.80a 2.6%9%a 2.98a 3.168 2.80a 4.38a
Timothy (1)++ 1.00d 0.35b 0.76d 1.50c 1.60c 1.35¢ - 1.%0d
Timothy (2) 1.00d  0.37b 1.12¢  1.04d 1.47c 1.08¢c 1.60d
Bromegrass 1.28c 0.40b 1.03b  1.61c 1,50¢ 1.27¢ 1.70d .
.. '
Mean 1.38 D.62 1..98 2.04 2.15 1.91 2.Nn
+SE - 0.09 0.09 0.16 0.22 0.18 0.20 0.23

Mean in a column followed by the same letter are not significantly different at the 5% level of probability,
according to Duncan's Multiple Range Test.

+ Harvest 3 performed 5 July 1984
+ Timothy (1) cultivar 'climax’
Timothy (2) cultivar 'salvo’

LG0T



Table 15. Total nitrogen concentration (%) in roots of grasses for the various mono and mixed cultures
sampled before harvest and during herbage regrowth in the subsequent year, 1984 (Experiment III)+,

v
% .

‘ . Determination
1 2 3 4 5 6 7
. g 23 June 5 July 12 July 30 July 3 Aug. 14 Aug. 20 Aug.
TREATMENT . | (Total Mitrogen Concentration: % . A
Tlmothy ﬁ) H;th alfalfa 1.208 1-018 1-028 10353 1.318 1.028b 1.08b
Tamothy (2) with alfalfa 1.07b 1.03a 1.17a  1.18b 1.09ab 1.18a 1.16b _
Bromegrass with alfalfa 0.90c 0.88b 0.95¢ 1.D1c 0.926b ~ 0.86b 1.51a
Timothy (1)++ - 0.2% 0.33c U,.36de 0,40d 0.58¢c 0.47¢c 0.53c
Timothy (2) "~ 0.28¢  0.34c  0.39d 0.40d 0.48c 0.42¢  0.61c
Bromegrass N 0.38d 0.38¢c 0.30e 0.42d 0.51c 0.48c 0.47¢ S
&
Mean , 0.69 0.66 0.70 0.79 0.81 0.73 0.89
:ﬁE 0.05 0.06 .05 0.08 0.07 0.13 0.19

Mean in a column followed by the same letter are not significantly different st the 5% level of probsbility,
according to Duncan's Multiple Range Test.

+ Harvest 3 performed 5 July, 1984

+*+ Taimothy (1) cultivar ‘climax’ .

Timothy (2) cultiver 'salvo’

.
—
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Figure 19. P@pfiles of nitrogen yield of grasses for the various
mono‘ﬁnd mixed* cultures sampled pefore harvest and during herbage
regrowth in the seeding year, 1983 (Experiment I11I1). Values
shown are the retransformed natural logarithm of the wmeans for
each treatment. Each point is the wmean of five repligates.
Arrows indicate time of harvests.

a. nitrogen yield of shoot

b. nitrogen yield of root + crown
Harvest 1 performed 23 July 1983; harvest 2 performed 26 August
1983; harvest 3 performed 5 July 1984, .
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the twotspe01ea, where alfalfa was the domimant one. The
competitive dominance of leéume 18 usually reported for
l?gume—grass mixtures, when the so1l N level 18 low (Trenbath
19Y4, 1976; Haynes 1980). Haynes (1980) reported that at low
levels of so01l N, the N3 fixing legumes benefitted from high
rates of N2 fixation that promotes higher growth ;atee in
comparison to grasses, which rely on avairlable so1l N.

At the second yea?, the difference of TN concentratlon.amonq
grasses 1n associlation and those in monoculture was more
pronpunced (Tables 14 and 15). This beneficial effect due to
elfalfa could be attributed to the additional cﬁntrlbutlon of the
decomposition of nodules and roots during alfelfa late stages
besides the continuous excretion of N compounds from living
alfalfa roots during the growing stage.

Table 16 shows the e(?éct of the alfalfe on the total
nitrogen cantent of the so1l during the‘experlmental period.. The
total N éontent in the so1l where alfalée was grown alone or with
grgss 1ncreased significantly during the experiment, but the
concentration of nitrogen 1n the plots where gress was grown
alone declined significantly. Therefore, alfslfs affected the
s01l N content probably with the formation of a surface organxg
layer which effectively contributed to the nitrogen status of the
so1l. Birch and Dougall (1967) also reported that alfalfa
1ncreased N abundant organic matter 1n the soil, wh1gh

@

effectively contributed to the nitrogen status of the soil .

— - —
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Table 16. Total nitrogen concentration (%) in the soil under
different greatment during the experimental period, from April 1983 to
May 1983 (Experiment I11I). .

a

PERIOD 1983 - " 1984

"April September April September
(control) .
TREATMENT ¢ >
(Total Nitrogen Concentration %)

Alfalfa alone 0.0927 0.1105* 0.1100* 0.1170+
- (+0.0145) (+0.0220 ) (20.0240) (+0.0007)
Alfalfa . with grass 0.0927 0.1050 0.1040* 0.1130%
(+0.0145)  (+0.0160) (+0.0130) (+0.0180)
Grass alone 0.0927 0.0850 0.0830 0.0770+
(+0.0145) (+0.0120) (+0.0100)  (+0.0008)

Each value 18 the mean of the ten observations + the'standard error of

the particular mean value.
*Significantly different from control (April 1983) P < 0.05.

3

!
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and leads to an increase 1n the dry matter and N yield of the

associated grass,

b

The grssses 1n association showed excellent development

during the spring of 1984 with high TN. This 18 expressed 1in

significant 1ncrease 1n the N yi1eld over grasses 1n monoculture
(Figure 20). MHowever, 1n the measurement conducted before
harvest (July 5, Table 14), when té% grasses reached advanced
heading stage, the TN cancentration declined significantly
reaching very low level. This reduced ma}kedly the N yield 1in
both cultural systems. These results may be due to the fact that
the chemical composition of grasses change significantly with
advance 1n maturity. Phillips et al. (1954) studied these
changes 1n chemical composition of grass during the spring, and

reported a continuous decline of protein content and soluble ash

with a significant i1ncrease an lignin,

IN concentration and N y1eld of grasses grown alone changed

significantly over time. However the change ocbserved was not as
*

large,/%s would be expected due to depletion of soil N by grass

grown 1n monoculture (Table 16). The maintenance of the TN

cantent 1n grass alone (Tables 14 and 15) which 18 supparted by N

yi1eld 1in the second year (figure 20), could be attributed to
mineralized so1l N and possxbﬁe input of N fraom outside of the
so1l system, 'such a§ N 1n rainfall, N7 fixed by free living

organisms or possibly by organisms associated with grass roots as

suggested by many reseachers (Dobereiner and Day (1975); De Polli
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Figure 20.  Profiles of nitrogen yield of grasses for the various

"mono and mixed cultures sampled before harvest and during herbage

regrowth in the subsequent year, 1984 (Experiment III). Values
shiown are the retransformed natural logarithm of the means for
each treatment. Each point is the mean of five replicates.
.Arrows indicate time of harvests. .

a. nitrogen yield of shoot

b. nitrogen yield of root + crown

Harvest 1 performed 23 July 1983; harvest 2 performed 26 August
1983; harvest 3 performed 5 July 1984. ;
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et al (1977); Neyra and Dobereiner (1977); Van Berkum and Bohlool
(1980); Van Berkum and Day (1980); Van Berkum (1980); Boddey et

8l. (1983); Wan1 et al. (1983); Rennie et al. (1983); Vose

N i -
(1983). However, this speculation on associative N fixation 1n

tQMperate grass needs more investigation. P

No sagnificant differences 1n N yield were found among grass
gpecles grown 1n sssociation during both years} but there -was a .
di1fference among grass species 1n associsation wlﬁh respect to %
TN (Tebles 12 and 14). This difference was not translated to aﬁ
increase 1n dry weight and N.yield. The effect of the nssociated
alfalfa on the N concentration of grass was evident from the
esrly stage i1n the seeding yesr. However this enhancement dad
not csuse an i1ncrease 1n yield, The(Benef1c1al effect on the
grass N yield first became apparent i1n the determination
performed in 23 June 1984, and continued through all of the
subsequent asssessments, '

All gresses in the mixtures were taller and more vigorous

than those grown alone (Table 17). The possible explanation for
: ! §

-~

this result 18 due to the formation of fertile tillers (seed
stalks) 1n the grass i1n mixed culture because there was more N
avasirlable for growth, When grass was grown alone fertile tillers
did not narmslly form, and were replsced by production of
secondary ti1llers which were small ané less vigorous than fertile

ones, Table 17 also shows that thé grass 1n sssociatron had

fewer tillers than that 1n monoculture, but the tillers were moare
4

- Pl



115

“a

°

Table 17. Plant height, number and weight of tillers of grasses for the various_
mono and mixed cultures sampled in the subsequent year, 1984 (Experiment III).

. Character
Plant height . Tillert
. 23 June 14 Augqust 23 June
y mmber weight
TREATHENT o] no/sample  g/samsple
¢ v
. M [
Timothy (1) with alfalfa**t 76.7a 45.7ab 11.0c 0.30b
Timothy (2) with alfalfa 73.7ab " 43.0b 16.0bc 0.48b \
Bromegrass with alfalfa 71.2b 50.5b 18.0abc 0.68a
Timothy (1) " 44.0c 20.0c 28.2a 0.45b
_ Timothy (2) 42.7cd 19.0c 27.2a 0.41b
Bromegrass 38.0d 19.5¢ 23.0ab 0.47b
Mean T 57,7 33.0 20.6 0.47
+SE 1.10 4.00 6.8 . ~_0.12

.-
~

O ' . -
Mean i1n a column followed by the same letter are not significantly‘different at
the 5% level of probability, according to Duncan's Multiple Renge Test.
+ Number and weight of tiller per sample ~
++ Timothy (1) cultivar ‘climax*
Tamothy (2) cultiver 'salvo’




plant (Baker 1957).
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vigorous and reé$ons1b1e for i1ncreases 1n yield, Other IS

greenhouse and field clipping studies have shown various effects

"on the growth and chemical composition of forage plants.

Increased height- of the plants at the time of clipping led to

higher dry matter yrelds of tops and roots (Davis 1960; Langille

/,‘

and Warren 1962; Dubbs 1971) and fewes'humbgra of tillers per
N

4,2.2 Experi-pnta IV AND V
4.2.2.1 Nz fixation, herbage and N yield of alfalfa

E;periments IV and V were conducted with objectives to
evaluate the amounts of N transferred from alfalfa to grass, the
s01l1 N uptake by alfalfe and grass, and to measure N2 fixed by
alfalfa an mixed swards under field cond:itions., In order to
increase the accuracy of aage381ng the parameters cited above,
the isotope dilution technaque was utilized té enrich the
percentage o} atom 15N 1n the so1l.

Atom % 19N excess data of the alfalfa and grasses were
collected from two'experlmente ;t several harvest times {Tables
18, 19, 20 and 21). Percent 15N excess 1n the alfalfa was

0

significantly lower than that of the grasses and demonstrates

that the lequme was fixing N2 from the air. However, the atom %

15N excess 1n the alfalfa plants 1n both cultural systems was

‘

°
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Table 18. Atom 5 5N excess of alfalfe grown 1n wono and sixed cultures at
different harvests, 1983 to 1985 (Experiment 1V).

‘ . Harvest
YEAR TREATMENT 1 e 3
# ~ (Atom % 15N excesa)

1983 Alfalfa 0.3292ab 0.2975a
Alfalfa with timothy(1)+ 0.3875a 0.244%a
Alfalfa with timothy(2) 0.2670b D.1990a
Alfelfa with bromegrass 0.3230ab 0.2847a
Megn+t 0.3266a 0.2565b .
+ SE 0.0320 0.0333

1984 Alfalfa . 0.2133a 0.0870a
Alfalfa with timothy(1) 0.1953b 0.1016a
Alfalfa with timothy(2) 0.1799¢ 0.0951a
Alfalfa with bromegrass 0. 1488c 0.0947a
Mean*+ 0.1843a 0.0945b
+ SE D.0035 0.0049

1985 Alfalfa 0.0923a 0.0910a 0.0810a
Alfalfa with timothy(1) 0.0871a 0.0793a 0.0530a
Alfalfa with timothy(2) 0.1266a 0.0803a 0.0590a
Alfalfa with bromegrass 0.13424a 0.0605a 0.0790a

ya

Meant+t 0.1101a 0.0777b 0.0657b
+ SE 0.0298 0.0106 0.0097

Means 1n a column, followed by the same letter are not significantly different
at the 5% level of probablhty, according to Duncari's Multiple Range Test.
*+Timothy(1) cultivar 'climax,

Timothy(2) cultivar 'salve’

++Means compared horizontally i .

"1
~
-
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Table 19. Atom % 15N excess of alfalfa grown in mono and mixed cultures at
different harvests, 1984 to 1985 (Experiment V). ‘

>

N

+

: Har vest
YEAR TREATMENT 1 2
. (Atom % 15N excess)

19684 Alfalfa 0.1790a
Alfalfa with timothy 0.1783a
Alfalfa with bromegrass 0.1770a
Alfalfa wath tall fescue &17238
Mean 0.1766
+ SE - 0.0123

19é5 Alfalfa 0.1042a 0.0690a 0.0778sa
Alfalfa with timothy 0.0957b 0.0703a 0.0675b %
Alfalfa waith bromegrass 0.0937b 0.0683a 0.0598bc
Alfalfa with tall fescue 0.0927b U.V*IZ< . 0,0580c i
Mean* 0.09%6a 0. 0699 0.0657c -
+ SE 0.0022 \0.0037 ™~  0,0052

Means 1n 8 column followed by the same letter are not significantly different
at the 5% level of probability, according to Duncan’s Multiple Rsnge Test.
*Means compared horizontally .



Table 20.

Atom % 15N excess of grasses grown 1n
different harvestsg, 1983 to 1985 (Experament IV},

and mixed cultures at

Harvest
YEAR TREATMENT 1 2 3
(Atom % 15N excess)
1983 Timothy(1) with alfalfa 0.7726cd 0.6660c '
Timothy(2) with alfalfa 0.6273e 1.02348bc
Bromegrass with alfalfa 1.0950b 0.954%bc
Timothy(1)* 0.8453¢ 0.8323c
Timothy(2) 0.6985dc 1.483%b
Bromegrass 1.2350a 1.5437a
Mean*t 0.878%b 1.0480a
+SE o 0.0538 0.2037
. 3
1984 Timothy(1) with alfslfa 0.7950bcd 0.2338b
Timothy(2) with alfalfa 0.7143cd 0. 3536b
Bromegrass with alfalfa 0.5868d 0. 36545
Timothy(1) 1.0498abce 0.3378b
Timothy£2) 1.1740a 0. 6986a
.. Bromegtass 1.0973ab 0.6978a
Mesn 0.9028a 0. 64478b
+S 0.1402 0.0560
1985 Taimothy(1) with alfalfa 0.2964b 0.3122abc 0.2687cd
Tamothy(2) with alfalfa 0.4292a B 2415be 0.1
Bromegrass with alfalfa 0.3622b 0D.\350¢ 0. 2435de
Timothy (1) 0.4163a 0.%675a 0.3955ab -
Tamothy(2) 0.5833a ' 0.3303ab 0. 3400bc
N Bromegrass 0.4481a 0.3433a 0. 4400a ,
Meant+ 0.4225a 0.304%a 0.3110a
+5E 0.0237 0.0343 0.0281

o

Means 1n a column followed by the same letter are not signaf,

ntly different

at the 5% level of probability, sccording to Duncan's Multiple Range Test.

+Timothy(1) éultivar ‘climax'

Timothy(2) cultivar

+*Means compared horizontally

‘salvo’

Y
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Table 21. Atom % 15N excess of grasses grown 1n mono and mixed cullures at
different hgrvests, 1984 to 1985 (Experiment V).

Harvest >
YEAR TREATMENT 1
(Atom % 15N excess)
1983 Timothy with alfalfa 0.3320b
Bromegrass with alfalfa 0.3343b
Tall fescue with alfalfa 0.3255b
Timothy 0.3532a
Bromeqrass 0.3560a
Tall fescue 0.3500a
Mean 0.3418
+ St 0.0076
1984 Timothy with alfalfa* . 0.4437b 0.3320b 0.3735b
Bromeqrass with alfalfa 0.4440b 0.3343b 0.3343bc
Tall fescue with alfalfa 0.4463b 0. 3255b 0.3255c¢
Timothy ’ 0.5123a 0.4030a 0.5528a
Bromegrass 0.5143a 0.4060a 0.4915a
Tall fescue 0.5113a 0.4115a 0.4885a
Mean* 0.4786a 0.3687b 0.4276b
+ St 0.0195% 0.0082 0.0175

.~

Means 1n a column followed by tHe same letter are not significantly different
at the 5% level of probability, according to.Duncan's Multiple Range Test.
*+Means compared horizontally
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higher than the levgixof nstural sbundsence, showing that the
alfalfa plants took u; so01l N and competed slightly with the
grass for mineral N mainly 1n the seeding year 1n both
experiments (Jables 18 and 19). In the second and third year
(Experament 1V) and second year (Experiment V) the uptake of
- label V5N nearly obtained the level &f natural abundance,
1ndicating a substantial Ny fixatron from the atmosphere by
alfalfa plants at lhose times, g - N

The '>N enrichments (atom % 15N excess) of the grasses and
alfalfa exhibiled approximately parallel~decllnes throughout the
years 1n bnth experiments, with the exception of harvest 2
(Experiment IV). The decline reflectea the effect of plant
uptske, 1mmobilization i1nto sorl organic N fractions, and gaseous
and leaching losses a8s well as release af non-labelled N from
so1l organic matter. The trends 1n reduction of ateom % 19N
excess of the grass and legume components can be explained by the
relatively constant percentage of alfalfa N derived from fixataon
over. the harvest times 1n each trial. The similarity of the
enrichment trends 1ndicates that the seasonal soi1l N upt aks. T,
patterns by the two species were not different enough to violate N
the assumption of the 15N dilution technique to measure Nj
fixation. These results provide preliminary evidence that the
grasses used 1n™this study wege a satisfactory control.

The proportion of N derived from themtmosphere (% Ndfa)

ranged from 62 to 78% (average of harvest) in Experiment IV
/

NS



122

(Table 22) and Experaiment V (Table 23), respectively. There were
usually only slight seasonal variations through the entaire
pertiod. "The crop obtained the greslest proportion of N from
éymb1091s after the seeding year, with an sannual aversge about
80% fixed N during the second year and third year. 1In the
seeding year 1n experiment IV, the % Ndfa of alfalfa plants grown
in pure and mixed stands contained 62.78% fFixed N 1n the 1mitial
harvest, while 1n the Experiment V the proportion of N from
symblbsls retached an average of 78.32% N fixed. This difference
was probaly related to the availability of readily mineralizable
N 1n the so1l during the i1nitial phase of nodulation. TN
gvailable ranged from 0.10 to 0.14% 1n the profile at
establishment (Table 2). It 18 well established that large
amounts of available N reduce Nz fixation drastically (Dart and
Mercer 1965; Munns 1968b; Gibson 1974; Summerfield et al. 1977,
Dazzo and Brill 1978). However, gmall amounts of available N are
often found to alleviate the N-gtregs in the i1nitial phase of
establishment of the symbiontic process (Gibson and Nutman 1960;
Dart and Wildon 1970; Gibson 1974; bLawn and Brun 197&;'Dean and
Clark 1980; Heichel et al. 1981; Faglesham et al. 1983),

The praoportions of N derived from the air 1n these studies

-

were much higher than those reported by Heichel et al. (1981),

where the percentage N fixed was approximately 43% 1n the first

.

and fourlh harvests and 65% 1n the second and third harvests.

The values 1n the present trials ranged from an annual average of

’
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Table 22. Percent of nitrogen derived from atmoaphere (% Ndfa) of alfalfa
growm in wmono and mixed cultures at different harvests, 1983 to 1985

(Experiment 1V)

Percent Nitrogen derived from atmosphere

Harvest

YEAR TREATMENT ) 1 . 2 3 Mean
, (%)

1983 Alfalfa 60.78b 64.30b 62.54
Alfalfa with timothy(1)* 53.94b 71.61b 62,77
Alfalfa with timothy(2) 61.78b 86.58a < 74,18
Alfalfa with bromegrass 74.64a 81.35a 77.99
Mean*+* 62,78b 75.9a 69.37
+ SE 3.16 3,00 2.86

) |
1984 Alfalfa © 79.68a 74.26b - 76.95 -
Alfalfa with timothy(1) 81.68a 69.8%b 75.65
Alfalfa with timothy(2) B4.07a 86.01a . 85.04
Alfalfa with bromegrass B6.41a " 86.4%a 86.41
>
Mean++ 82.89e 79.14b 81.01
+ SE R 2.67 2,72 2.53

1985 Alfalfa 77.18a 75.358a 79.47a 71,56
Alfalfa with tamothy(1) 79.09a 75.94a 89.09a 81.38
Alfalfa with tamothy(2) 81.18a 75.648 82.26a 79.70
Alfalfe with bromegrass 70.16a 82.35a 82,04a 78.18
Mean*t 77.07 77.33b 83.21a 79.20
+ St " 4,43 2,93 1.93 3.56

-
“

Means 1n a column followed by the same letter are not significantly dif ferent
at the 5% level of probability, according to Duncan's Multiple Range Test.
*+Timothy(1) cultivar ‘climax,
. Timothy(2) cultivar 'salvo’
+Means conpared horizontally

»

\

/
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Table 23. Percent of nitrogen derived from atmosphere (% Ndfa) of alfalfa
grown in mono and mixed cultures at different harvests, 1984 to 1985
(Experiment V)

.

) ' Percent Nitrogen derived from atmosphere

i Harvest
YEAR TREATMENT ) 1 2 3 Mean
R ~ \ (:) .

1984 Alfalfa 17.64b 77.64
Alfalfa waith timothy 77.89ab 71,89
Alfalfa with bromegrass 78.38ab 78.38
Alfalfa with tall fescue 79.37a 79.37
Mean ’ 78.32 - 78,32
+ SE 0.92 . 0.92

1985 Alfalfa 79.60b 82.07b B5.94b 82.56
Alfalfa with timothy 81.31a 82.57b 87.79a 83.89
Alfalfa with bromegrass 81.77a 83.19ab - 87.85a 84,26
Alfalfa with tall fescue 82.09a 84.7%6a 88.12a 84.82
Mean* 81.21c 83.02b 87.42a “83.89

+ SE 0.55 0.92 0.94 0.82

Means i1n a column followed by the same letter are not significantly different
at ‘the 53 level of probability, according to Duncan's Multiple Range Test.
*+Means compared horffontally ’ :

i -

‘o



125

69 to 81% and’78 to 83% 1n Experlmenté IV and V re:pectxvely. ;)
These values are similar to‘those 6f oth;r studies of mixtures
containinyg alfalfa or other forage legume species, which 1ndicate
that from 70% to almost 100% of the legume shéOt N can be deraived
from N fixation when growing with grass i1n mixture (Haystead and
Lowe 1977; Vallis et 8l. 1977; Edmeades and Goh 1978; Bergerae; ,:
and Turner 1983; Phillips et al. 1983; Faris and Ta 1985; West'
and Wedin 19%5).

There were significant differences in_the atom % '>N excess
of alfalfa grown 1n mixtures as compared wl£h that 1n
monoculture, specifically 1n harvest 1 (Experfment 1V) performed
1n 1984 (Table 18) and harvests 1 and 3 (Experiment V) 1n 1985
(Table 19). A similar trend was also observed, when the data
were prressed as % Ndfa (1ndependent yi1eld criteria). Nhgn the
data were converted to the amount of N2 fixed (Tables 24 and 25)
almost all sxgnlfxcani d1. ferences disappeared. The only
exception observed was 1n harvest 1 (Table 22) when alfalfa was
grown with the timothy cultavar 'Climax', the total amount of N2
fixed was significantly lower than 1n pure stands. Therefore,
growing alfalfa 1n association with the grass did not reduce the
activity of N fixation by alfalfa.

The fgw significant differences detected 1n the atom % 15N
exeess sand proportion of %Ndfa from alfalfa grown 1n mixtures as
caompared with that 1n pure stand i1n the field and greenhouse

v

\{condxtfons showed }fe validity of the 1sotope dilution techmique

-

LT
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Table 24. Amount of nitrogen: fixed by alfalfa plents when grown in mono and
mixed cultures &t different harvests, 1983 to 1985 (Experiment IV).

A N2 fixed
YEAR TREATMENT Harvest
1 2 3 Total***
{(kg/ha) '
1983 Alfalfa 42,75ab 40.65a 83.40b
Alfalfa with timothy(1)* 34.59b 46.17s 80.76b
Alfalfa with timothy(2) 40.41ab 51.19%a 91.60ab
Alfalfa with bromegrass 5%.17a 60.27a 116.44a
Mean*t 43,.48a 49.57a 93.05b
+SE 6.12 8.53 8.41
1984 Alfalfa 154.018 115,618 269.62a
Alfelfa with timothy(1) 123,38a 123.68a 247.06a
Alfalfa with timothy(2) 137.39a 131.83a 269.22a
Alfalfa with bromegrass 121.44a 124_56a 246.00a
Mean*+: 13.05a 123.94a 258.00a
+SE 25.29 35.49 o 40.81
1985 Alfalfa 122,448 63.978 44.30e 230.71a
' Alfalfa with timothy(1) 133,148 53.608 65.01a 251.75a (.
Alfalfa with timothy(2) 118.04a 60.52a 45.40a 223.96a
Alfalfa with bromegrass 102.66a 55.55%5a 42.15a 200,368
Mean*+ 119.06a 55.91b  49.21b 226.70a
+SE 26,30 13.85 10.95€¢ 41.38

-

Means 1n a column followed by the same letter are not significantly v
different at the 5% level of probsbility, according to Duncan's Multaple

. Range Test.

*+Timothy (1) cultivar ‘climax’
Timothy(2) cultavar 'salve’
++*Means compared horizontally
+++Total annual (means) compared vertically. ’

A

A
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Table 25. Awmount of nitrogen fixed by alfalfa plants when grown in mono and
mixed cultures at dxfferant harvests, 1984 to 1985 (Experiment V).

. Nzx fixed
YEAR TREATMENT Harvest
‘ 1 2 3 Total**
(kg/ha)
- ,r(‘ ’

1984 Alfalfa 40,698 40,698
Alfalfa with timothy 44,798 44,7948
Alfalfa with bromegrass 43.27a . 43,27a
Alfalfa with tall fescue 49,56a 49,56a
Mean ‘ ) 44.58 44.58b
+SE . 6,55 6.55

1985 Alfalfa 124.73a 70,068 46,448 241,23a
Alfalfa with timothy 114.63a 74.26a 46,22a 235,11
Alfalfa with bromegrass 127,58a 64.18a 52.27e 244.03a

\ Alfalfa with tall fescue 135.20a 85.,28a 47.24a 267.72a
Meant 125.53a  73.44b  48.04c 247.03a
+SE 22,79 16.45 14.36 40,79

Means 1n a column followed by the same letter are not significantly
different at the 5% level of probability, according to Duncan's Multiple
Range Test.

*Means compared horizontally ' ;

++Total annual (means) compsared vertically.

¢
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to assess Nz fixation 1n legume-grass mixtures, when both -

debendent and i1ndependent crateria of yi1eld were utilized to

\

assess No fixation.

'

Broadbent et al. (1982) reported severe restrictions to the
use of the 1sotope dilution method 1n mixed swards for the
measurement of Nz fixation when comparisons are made between the
legume and non-legume 1n the mixture. Recent studies reviewed by
Chalk (1985) have shown that the 1sotope technique can be applied
to the measurement of N, fixation 1n associated pastures.
However, a suitable reference piant in pure stand 18 required to

.estimate precisely the contribution of 1ndigenous and so1l N to -
the N nutrition of the fixing plant. In the-preaent study,
mixing glfalfa with gress did not lead to erronecous estimates of
N2 faxation because suitsble controls were utili1zed with close
uptake of labelled 15N (Tables 20 and 21), and thus, any
algnx}lcant dxff?rencea were not found when thc>amounts of N2
fixed were calculated,. )

The absolute amounts of N fixed by alfalfa 1n mono and
mixed cultures from Experiments IV and V, are shown 1n Tables 24
and 25. In gencral, there was seasonal varistion 1n the ;mOUnt
of N2 fixed. During the seeding year, alfalfa plants fixed (an
average ﬁer harvest) from 40.67 to 42.75 kg N/ha and 34.59 to
60,27 kg N/ha 1n pu;e and mixed stands, respectively.

In the second and third yesr, the alfalfa plants fixed large -

b}

amounts of N2 1n the initial harvest. Thereafter, the
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EX 4

amount declined signrficantly during the season snd reached low
values comparable to the seeding year 1n harvest 3 (Experiment
IV, 1985 and Experiment V, 1985). However, there was only slight
variation when the N7 fixed by alfalfa 1n mono anh mixed cultures
were compared. 3
The anﬁual pattern of N2 fixation showed that alfalfa fixed
44.58 to 93.05 kg N/ha during the year of establishment, and as
much as 224.19 to 258.00 éq N/ha during the second and-third year
stands 1n both experiments., The published dats on smount of N2
fixed by alfalfa are few and vary'ylnely. Bell and Nutman (1971)\
reported a rate of Ny fixation of 220 kg N/ha per year for '
effectively 1noculated alfalfa plants with up to 78% of plant N
derived from the atmosphere. Heichel et al. (19B1) found an
average of 148 kg N/ha 1n the establishment year with 43% of the

total W yi1eld derived from fixation. More conservative estimates

range from B3 to 100 kg N/ha (Erdman and Ura Mae 1953). Recently
!

o

West and Wedin (1985) reported .an annual amount of Ny fixed of 70 -
kg N/ha with a range of 15-136 kg N/ha in the seeding year and
15-122 kg N/ha 1n the 2 year old slfalfa 1n mixtures with
orchardgrass. Since alfalfa i1s a pererdnial and can produce seven
or erght cuttings 1n one climate, and only two or three Euttxngs
1n another, 1t 1s normal that estimatés of Ny fixed vary widely
(Burton 1975). Also, the amount of N» fixed 1s'hxghly corre};de
with the percentagé of alfalfa 1n the sward and with alfalfe Ary

matter yield (West and Wedin 1985), and i1t 1s closely linked to
- .

-

+ -
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growth rate i1n alfalfa (Heichel et al. 1981).

The results 1n thle‘}ﬁveetiqatxon suggest that the amount of
fixed and recovered 1n the alfalfa shoots 1n mono and mixed
cultures varied among harvests 1n patterns gimiler to changes 1in
alfalfa dry matter (Tables 26 and 27) and N yield (Tables 28 and

29). As the proportion of Ndfa remained relatively constant
through the year with slight variation within the year (Tables 22
and 23), the major determinant of the amount of Ny fixed was
glfaléa DW yield.

The association of alfalfa with grasses did not have a

detrimentael effect on total dry weight (DW) and N yield per

. <
hectare. The DW and N yield of alfalfa 1n pure stand, however,

showed a trend)of improvement over alfalfa in mixed stands
(Tables 26, 2%, 28 and 29). The values 1n parentheses give the
Tontribution of alfalfa to total DW and N yleldqharvested,vae
percentage of Lotal herbage and N harvested., Wilhout exception
the amount of DW and N yield from alfalfa to total herbage and N
harvested was well maintained throughout the years, demonstrating
a démlnant competitive ability of alfalfa over associ1ated grass
1n environments with low to medium available soci1l N, When
alfalfa was grown with timothy, the contributions of alfalfe DW
and N yield to the totsl annual were superior to that when grown
with bromegrass. These differences were always small and none
reached significant propqrtlons. Nevertheless, whén alfalfa was

grown 1n association with bromegrass, the total leqgume

x
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Table 26. Herbage production (DW) of alfalfa grown in mono mixed cultures at
different harvests, 1983 to 1985 (Experiment 1V). Values in parentheses are the
percentages of the total annual herbage harvested.

U Dry Weight (DW)

YEAR TREATMENT Harvest
1 2 3 Total*++
(t/ha)

1983 Alfalfa - 3.15a 2.18ab '5.33a (100.0)
Alfalfa with timothy(1)* 2.79ab 1.87c 4.66b  (85.2)
Alfalfa with timothy(2) 2.65b 2.04bc ~ 4.69b (B86.7)
Alfalfa with bromegrass 3.02a 2.29a 5.31a (84.4)
Mean*+t . 2.9%a 2.10b 5.01
+SE 0.26 0.15 _ 0.29

1984 Alfalfa ‘ 7.32a 4.23a 11.55a (100.0)
Alfalfa with timothy(1) 6.64a 3.96a ’ * 10.60b (83.9)
Alfalfa with tamothy(2) 6.90a 3.81a . 10.71b  (83.9)
Alfalfa with bromegrass 6.59a 3.8Ba 10.47b (80.4) .
Mean** 6.86a 3.96b ’ 10.83 ’
#SE . 0.64 0.63 0.52

1985 Alfalfa . S.40a 3.24a 2,384 11.02a (100.0)
Alfalfa with timothy(1) 4.86a 2.78a 2.42a 10.06a (BO.8)
Alfalfa with timothy(2) 4.48a 2.82a 2.38a 9.68a (78.5)
Alfalfa with bromegrass 4.62a 2.46a 1.9a 9.02a (76.9)
Mean++ 4.84a 2.83b  2.28c 9.95
+SE 0.80 0.64 0.79 1.50

Means 1n a column followed by the same letter are not significantly different at
the 5% level of probability, according.to Duncan's Multiple Range Test.
+Timothy(1) cultavar 'climax’

Tamothy(2) cultivar 'salvo’

++Means compared horizontally

+++Total production {means) compared vertically -

P

v

N
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Table 27. Herbage production (DW) of alfalfa grown in mono and mixed cultures at
Values in parentheses are the

different harvests, 1984 to 1985 (Experiment V).
percentages of the total Qel he

?age harvested.

Dry weight (DW)

YEAR TREATMENT Harvest
1 2 3 fotal++
(t/ha)

1984 Alfalfa 2.138 2.13a ia(100.0)
Alfalfa with timothy 1.99a 1.998 (93.8)
Alfalfa with bromegrass 1.83a 1.83a (85.5)
alfalfa with tall fescue 1.99a 1.99a (94.3)
Mean 1.98 1.98
+SE 0.45 0.45 ~

1985 Alfalfa 5.48a 2.52a 1.44a 9.44a (100.0)
Alfalfa with timothy 4,408 2.57a 1.51a 8.48a (87.9)
Alfalfa with bromegrass., 5.22a 2.47a 1,648 9.33a (79.8)
Alfalfa with tall fescue 5.26a 2.98a 1.47a 9.71a (90.0)
Mean* 5.098 2.63b 1.51c 9.24
+St 0.81 0.55 0.35 1.10

Means 1n a column followed by the same letter are not significantly different at
the 5% level of probability, according to Duncan's Multiple Range Test.

*Means compared horizontally

++Total production (means) compared vertically
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Table 28. Nitrdgen yield of alfalfa grown in mono and mixed cultures at different
harvests, 1983 to 1985 (Experiment IV). Values i1n parentheses are the percentages
of the total arnnual nitrogen harvested.

: N Yield

YEAR TREATMENT Harvest
1 2 "3 Total*+*+

(kg/ha)

1983 Alfalfa - 64,55a 62.35a 126.90b (100.0)
Alfalfa with timothy(1)* 57.64b 62.49a 120.13b  (87.1)
Alfalfa with timothy(2) 61.57ab 65.60a ~127.17b ' (89.3)

. Alfalfa with bromegrass 72.06a 71.04a 143.10a (8B6.7)
Mean*+ 63.95a  65.40a 129.33
+SE 7,90 6.59 10.21
b

1984 Alfalfa 185.11a 165.73a 350.8B4a (100.0)
Alfalfa with timothy(1) 146.35b 162.71a 308.06ab (87.6)
Alfalfa with timothy(2) 170.60a 130.41a 301.01b  (85.2)
Al falfa with bromegrass 148.65a 123,56a 272.21b (B0O.7)
Mean*t 162.67a 145,35b 308.03
+SE 21.02 29.81 32.21

S

1985 Alfalfa 143.38a  91.14a 75.74a 310.26a (100.0)
Alfalfa with tamothy(1) 146.04a 66.30b—75.82a 288.16a (B85.9)
Alfalfa with tinothy(2) 142.72a 74.B4ab 68.36a 285.92a (85.7)
Alfalfa with bromegrass 135.44a 62.68b 69.86a 267.98a (80.5)
Meantt 141.89a 73.74b 70.94b 288,08
+SE 19.54 16.46 25.43 44,31

Means 1n a column followed by the same letter are not significantly different at
the 5% level of probability, according to Duncan's Multiple Range Test.
*+Timothy (1) cultivar 'climax'

Timothy(2) cultivar 'salvo'

+Means compared horizontally

++*+Total production (means) compared vertically

»*
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Jable 29, Nitrogen yield of alfalfa grown 1n mono and wmixed culture?‘qt dif ferent

harvests, 1984 to 1985 (Experiment V). Values in parentheses are the percentages o
of the total annual nitrogen harvested. ) ¥
N Yield
YEAR TREATMENT Harvest
1 2 3 Total*t
(kg/ha)
1984 Alfalfa 52.508 52.50a (100.0)
Alfalfa with timothy 59.53a 59.53a  (91.4)
Alfalfa with bromegrass 55.32a 55.32a  (B6.1)
Alfalfa with tall fescue 62.61a © 62.61a (95.2)
Mean 56.98 56.98
SE "o8.24 . 8.24 ,
v
1985 Alfalfa ) 156.65a 85.34a 53.93a 295.928 (100.0) 4
Alfalfa with timothy 141.36a 90.03a 52.70a 284.09a  (91.2) -
Alfalfa with bromegrass 156.00a 77.15a 59.45a 292,608 (84.3)
R Alfalfa with tall fescue 164.68a 101,258 53.59a 319,538 (92.2)
Mean™t 154.67a BB.44b 54.92c 298.03 £
+5€ 28.02 19.78 16.34 48,75

Means 1n 8 column followed by the same letter are not significantly different at
the 5% level of probabilaty, according to Duncan's Multiple Range Test.

*Means compared horizontally

+*+Total production (means) compared vertically .

Y

e~
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contraibution to DW .and N yield deereased moderately 1in the thard

. year (ExperTment IV).

L)

4,.2.2.2 N transferenge,‘herbage and N yield of grass.

The 15N dilution technique was utilized to assess the
’proportlon of N transPerred from alfalfa to grass when q%th were
grown 1n assoclation. Both species received N from the so1l pool,
which was labelled with 15N, However, alfalfa plants also
obtained Ny from the atmosphere by fixation and grasses 1n
mixture benefitled from N relessed by the associated alfalfa.
This additional N source will dilute the labelled 19N where grass
18 grown 1n mixture. Asguming that the ratio of the 1sotope
(75N) of soi1l-derived N 18 similsr to both crops, the percentage
of N transferred was calculated from the difference of 1sotopic
composition of grass plant tissues 1n mixed culture, with thoae.
. 1n pure stand as reference values.

Percent atom 15N excess 1n the alfalfa, 1n pure stend and
mixture was sup;rlor to the normal abundance level, showing that
~the alfalfa took up so1l N and competed with the associated grass
for mineral N 1n the establishment year (Tables 18 gnd 19), but
1n the subsequent years the legume contributed some fixed széo
the grass., In almost all i1nstances, grass atom % 15N excess was

lower 1n the mixtures than 1in pure stand (}ables 20 and 21) which

-

indicates that N fixed by alfalfa was transferred from lequne
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to associlated grass.

The 15N enrichments of the grasses exhibited 1ncreases and N
declines in both experiments through the season and years. The
cbserved 1ncreases -or reductions reflected the additional —
applications of label 15N 1n the spring and the losses of ‘Sﬂ
from the available so1l N pool via shoot removal (uptake) and
other process (Jmmoéxlxzatlon and leaching). However, the
similarity of the enrichment trends 1ndicates that the seasonal
s01l N uptske patterns of the grass species used 1n this study

were similar with only slight varietirons, The atom 5% 15N excess

for the grass 1n pure stand provides satisfactory evidence of
[

this factY ’

The proportion of N transferred to the grass (fables }Dtend
31) varxea si1gnificant]ly with clipping time 1n 1983 and 1984,
In 1585, the differences among harvests were always small and
ndne reachéd significance. The % of N transferred (% Nt) ranged
from an average of 16% 1n 1nxtial harvest to 48% 1n the final
harvest: (Experiment IV), while 1n Experiment V, the proportion Nt
ranged from an average of 8.0% 1n the seeding year to 37.0% 1n
theé last harvest 1n 1985. In Experiment V, the % Nt was lower
than that of Experiment IV. These varialions could be attributed
to the difference 1n avairlable soal N an ecach experimental sxte;
-~ The analyses of‘soxl prior to &he 1n1tnat10ngof the trials showed
a % total availeble N of 0.09% (+ 0.14) and 0.12% (+ 0.20) for

w

Experiments 1V and V, respectavely.

’
.
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Table 30. Percentage of nitrogen in grasses transferred from associated
alfalfa at different harvests, 1983 to 1985 (Experiment 1V).

Nitrogen Transfer

Harvest
YEAR TREATMENT " 2 I
(%)

1983 Timothy(1) with alfalfa* . . 16.11a 30.84b
Timothy(2) with alfalfa T 16.47a 33.32ab
Bromegrass with slfalfa 15.48a 46.90a
Mean*+ . 16.02b 37.02a
+ SE 5.50 8.31. -

1984 Timothy(1) wath alfalfeg . 29.79a 43,91b
Timothy(2) with alfalfa 44.7%a 55.38a
Bromegrass with alfalfa 50.80a 56.85a
Mean*+ . 41,76b $2,05a
+ SE 6.48 wo",

1985 Timothy(1) with alfalfa 35,948 23.70a 35.55a
Timothy(2) with alfalfa 26.92a 34.36a 56.62a
Bromegrass with glfalfa 35.98a 37.70a 54,72a

/

« !
Mean*+ ’ 32,.64a 31.92a 48.97a
+ SE 4,50 ' 10.84 13.41

«

Means 1n a column followed by the same letter are not significantly different
at the 5% level of probablhty, accorqu to Duncan's Multiple Range Test.
+Timothy(1) cultivar 'climax'

Timothy(2) cultivar 'salvo*

~ TMeans compared horizontally
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Table 31. Percentage of nitrogen in grasses transferred from associated
nlfalfa st different harvests, 1984 to 1985 (Experiment V).

1
1 N

) % Nitrogen transfer
: . Harvest
" YEAR TREATMENT 1 2 3
- F (%)
b

1984 Timothy with alfalfa 7.358
Bromegrass with alfalfa 7.78a
Tall fescue with alfalfa 8.83a
Mean . ‘8.12
+ SE, . 0.87 .

1985 Timothy with alfalfa ° 16.478 25.27a 36.93a
* Bromegrass with alfalfa 16.88a 21,240 36.71a
Tall fescue with alfalfa 15,578  25.33a 37.86a
Mean* 16.24¢ 22.61 37.13a
+ SE . 5.20 3.12 2.60

Means in a column followed by the same letter are not significantly dafferent
at the 5% level of probability, according to Duncan's Multiple Range Test.
+Means compared horizontally
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The % Nt of. the three grass specles were 81?118?, althéugh
timothy cultivar ‘Climax’' showed a significant disadvantege 1n
the later regrowth 1n harvest 2 at 1984 (Table 30). 1In general,
all grass species benefitted from N trandfer from alfalfa durang
the entire period. Up to 50% (Experiment 1V) and 37% (Experiment
V) of the total nitrogen of grass i1n mixed swards was deraived
from the Ny fixation process of alfalfa. The % N transferred was '
significantly lower during the first growth (Qarveat 1) 1n both

experimenis, bul 1t 1ncreased substantiaslly thereafter. The

results did fndlcate that some N transference did occur before

_ farst cutting even 1n the seeding year. Thus the transference of

N from alfalfa wes n31 primarily due to the sloughing off of the "
nodules from alfalfa, nor to a decay of 1ite root aygtem after )
harvest as suggested by Butler and Bathurst (1956); Dilz and l

Mulder (1962); Simpson (1965). 1t mey have 1nvolved a

consldersble degree of N excretion during the growing season.

-~

The % Nt observed i1n both trisls (16.02% and B.12%) before shoot

< o ovvomn s

removal 1n the seeding year 18 in agreement with an excretion

mechanism. Faris and Ta (1985) reported that 12% of total Nz
fixed by alfalfa was transferred top associated grass prior to
shoot removal. This porportion contributed 3.0% of the total N :

yi1eld of grgss, which on an area basis 1s equivalent to 1.75 ky
&

N/ha. Under hydroponic¥cultuge conditions, Te and Faris (1985)

found that there 18 congiderable release of soluble organic N . !

\

he foym of ammonia, ¢glutamate, aspartate
4 '

compounds, mainly 1in ¢

v
N
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and alanine 1nto the medium by the living ;lfalfa root nodule y
. system. Chujo and‘;Da.lmor;, (1984) reported that a growth
accelerati1on of grass species 1n associratlon with red claover 1n
the early stage of development ?a probably due to the absorption
of N compounds excreted directly from the root system of the
lequme. Ho;ever due to the apparent operstion of the excretion
me;henxsm mainly when the plants are subjected to stress, Butler
and Bathurst (1956); Di1lz and Mulder (1962); Henzell (1962);
Sampson (1965, 1976); Haystead and Marriott (1978, 1979)
concluded that a more ng?rtant pathway of transference 1n 8

Y
legume-grass pasture 1nvolves the sloughing of f and decompositior

of legume nodules and root tissues. ‘

On the basis of the present results, 1t was not posélble to
distinguish the contribution from direct excretion or N released
from decomposition of sloughed off nodules and dead root
tissues. The data from Experiment 111 suggest, how?ver,‘that
alfalfa plants have the ability to adapt to the stress of shoot
remaval by malqtalnxnb an unchanged or slighlty reduced nodule
weight. Vance et al. (1979) reported similar results, and
conciuded that the maxntensnce of nodyle mass by alfalfa after
harvest was altributable to'the nodules aSllxty to cont)nue'
growth with the prolonged survival of the apical meristem 1n the
nodule., It 18 thus suggested that N transference 1n

alfalfa-grass mixtures 18 not mainly due to the desth of roots

and nodules tissue, but 1nvolves N excretion during the period.
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before and after harvest. ] .

N transfer from alfelfa to grasses 1n mixed stands was
calculated as the foference between the 1sotopic composl&ion of
grass’;n mixture and pure stand under the same s01l conditions,
therefore, the contribution of N fixed from free-living, fixing
organisms or other input of N';rom outside of the so1l system was
considered to be negligible 1n this 1nvestigation., The results
in Tables 32 and 33 clearly showed the evidence of the benefit of

W

fler“Nz obtained from alfalfa through underground transfer. 0On
the ef%a basis, the amount of N trensferred ranged from an annual
total average o} 4,54, 20,16 and 1B.64 kg Nyhe for the first,
second and third year, respectively (Experiment 1IV). In
Experiment V, the amount of N transferred from alfalfa to the
associated grass varied from an average annual amount of 0.39 to
7.39 kg N/ha for the first and ;econg year, respectively (Table
33). The fairst values (Experiment IV) are equivalent to 4.9, 7.8
and B8.1% of the total annual amount of N2 fixed by the alfalfa
and equal to 26.5, 46.9,and 37.8% of total N yireld of grasses 1in
association, In Experiment V, the total annual amount of N
transferred was less than that calculated in the previous trial.
This could likely be explained by the fact that the site where
Experiment V was established showed a greater availability of
so1l N.

Tr;nsfer éf N from legume to grass 18 lmggrtent for the

growth of the grass, under low N conditions. This process
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Table 32. Amount of mitrogen transferred to the associated grass at ‘
different harvests, 1983 to 1985 (Experiment 1V).

14

- : Amount N transferred
YEAR TREATMENT Harvest

1 2. 3 Total*++
(kg/ha)
,‘“

1983 Taimothy(1) with alfalfa* 1.22a  2.24b . ~ 3.468
Tamothy(2) with alfalfa 1.61a 1.90b 3.51a
Bromegrass with alfalfa 1.38a 5.28a 6.66a

: :
Mean*t 1.40a 3.14a 4.54
+S€ ¢ 0.49 1.72 ‘ 2256
- .

1984 Timothy(1) with alfalfa 3.05b  10.68b 13.73b
Timothy(2) with alfalfa 4.73ab 14.91ab 19.64ab
Bromegrass with alfalfae 5.72a 21.40a 27.12a
Mean*+ 4,508 15.66b M 20.16
#SE 7 0.58 7.59 8.17

1985 Tamaqthy(1) with alfalfa 11.72ab  1.37b 1.81b 14.90b
Timothy(2) with alfalfa 8.31b 3.75a 3.47aeb 15.53b
Bromegrass with alfalfa 15.57a 5.8%% 4.03a 25.498
Mean** 11.86a 3.67b 3.10b ' 18.64

+SE 2,02 1.19 0.43 2.91

Means 1n a column followed by the same letter are not sigmficantly
different at the 5% level of probability, according to Duncan's Multaiple
Range Test. :
+Timothy (1) cultiver 'climax'
Tamothy(2) cultiver 'salvo’
- ++Means compared horizontally
+++Total transference (means) compared vertically.
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Table 33. Amount of nitrogen transferred to the asssociated grass at
different hafvests, 19684 to 1985 (Experiment V).

o

Z
d ' Amount N transferred
YEAR TREATMENT Harvest
~ b 2 3 ‘ Total++
’ (kg/ha)
. 1984 Timothy with alfalfa 0.21b 0.21b ’
Bromegrass with alfalfa 0.70a . 0.70a
Tall fescue with alfalfa 0.27b 0.27b
Mean . 0.39 | 0.39
+SE 0.1 0.1
1985 Tamothy with alfalfa 3.46ab 1.01a 0.43b  4.90b
Bromegrass with alfalfa 5.46a 3.2%a 2.41a 11.16a
Tall fescue with alfalfa 2.15b 2.13a 1.82a 6.10ab
Mean* J.6%9a 2.14a 1.55b 7.39
-t 4SE 1.7 0.89 0.77 2.76
. \ .
e - Means in a column followed by the same letter are rot significantly - x

different ‘at the 5% level of probability, according to Duncan's Multiple
Range Test.

+Means compared horizontally P
++Total transference (means) compared vertically.
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répresenta 8 smalﬂ'ﬁuantlty of the N2 fixed by the alfalfa and
ellows tﬁe gress plants to grow at a rate similar to grass 1n
monoculture. Dilz and Mulder (1962) QUantlf;ed transfer of N and
found thet 1 to 8% (first cut) and 6 to 22% (second cut) of the
N2 fixed was Lransfer;ed to thve associated gress. Seerge (1961)
and Saimpson (1965) measured transfer of N as the amount of N'
excreted by the legume into medium and found that 1 to 4% of thé
fixed N2 was transferred to Lhe grass. Henzell (1962) reported N
transfFer from trapical legume to grass, and found only 0.6 to
1.7% of Lhe total N7 fExed was transferred from legume to the

grass. Haystead and Marriatt (1979) used the 1sotope dilution

method to quantify N transfer and indicated that at least 1.7% of

~fixed N2 by white clover was transferred to ryegrass.

Broadbent et al. (1982) reported extensive transfer of fixed
N2 to grass. Up to 80% of the N 1in ryegrass 1n mixed culture was
derived from the symbiotic process in ladrno clover. However,

they found little transfer of N 1rf a relatively short term and

suggest that several months 18 involved 1n the gradual

mineralization of dead roots and nodule tissues from the-lequme

through microbial sctivity. Recently, Faris and Ta (1985)
¢

- demonstrated the Jmporfance of N trangfer from alfalfs Lo timothy

-

in mixed stands. This tra;sfer increased with times of clipping
and contributed 3, B and 25% of total N yireld of timothy 1n the

first, second and third cut, respectively. Thus, the ambunt of N

.

“ transferred from alfalfa to the associated grass, as estimated by



-

<

£ : 145

180tope dilution technique 1n this study was wxlhx% the range
obtained by other researchers,

Evidence of N transfer was observed for all gress species.
However, there were dirfferences among grass species 1n the amqunt

N

of N transferred from the ;lfalfa. Bromegrass was the most
responax;e species to N transference with significant 1ncreeses
1in the total N concentration (Tables 34 and 35). This may be due
to the fact that bromegrass has 8 well developed root system,
better sdapted to drought conditons. Abnormal dry conditions

that prevailed through to the summers 1984 and 1985, decreased

the rate of the growth of the grass species less adapted to a

_ drought environment (timothy and tell fescue) and 1nfluenced

significantly their sbility to take up available N.

Good contact between roots and large occupation of soil
volume make Tore efficient use of N relessed fFOMFGSSDCISted
lequmes and soxlnN. Creig de Anda et s8l. (1981) and Chujo and
Daimon (1984) reported tpat the roots of grasses and legumes were
tightly intertwined when they are grown together, and any N
compounds excreted .by lequme root nodules would be rapidly
absorbed by grass roots., Henzell (1962) suggested that an
increase of & trensfer may result from better®competitive abilaty
of the grass compénents in the association. The advantage'
observed by bromegrass 1in this experiment could be related to 1ts
greater root competitive ability and greater adaptability to

’

drought conditions. Timothy and tall fescue, which are more .
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Td)ie 34. Total nitrogen concentration (%) of grasses grown in mono and
mixed cultures at different harvests, 1983 to 1985 (Experiment 1V).

Total nitrogen concentration

: . Harvest .
YEAR TREATMENT 1 2 3
(%)
1963 ° Timothy(1) with elfalfa* 2.28ab 2.10a
Tamothy (2) with alfalfa 2.34a 2.08a
Bromegrass with alfalfa 2.36a 2.10a
Timothy (1) ) 1.72d 1.74b
Timothy (2) 2.02b 1.78b
Bromegrass 1.98cd 1.70b
Meantt 2.12a 1.92b
+SE 0.21 0.06 < ¢
£
1984 Timothy (1) wath alfalfa 0.91ab 2.98c
Timothy(2) with alfalfa 0.97a 3.90b
Bromegrass with alfalfa 0.82b 4,349
Tamothy (1) 0.35c 1.58d
Timothy(2) 0.39c 1.60d
Bromegrass 0.40c 1.54d .
Mean*+-. ’ 0.64b 2.66a
+SE 0.06 0.1 .
1985 Timothy (1) with alfalfa 1.78ab 2.47a 3.08b
Timothy(2) with alfalfa 1.68b 1.96b 3.11b
Bromegrass with alfalfa 1.95a 2.68a 3.81a
Timothy (1) 1.14d 1.60c 1.42d
Timothy(2) 1.00d 1.29d 1.35d
Bromegrass - 1.40c 1.76be 1.80c
Meant++ 1.49 1.96 2,43
+SE 0.14 0.23 0.28

Means 1n a column followed by the same letter are not significantly different at
the 5% level of probability, according to Duncan's Multiple Range Test,
*+Timothy (1) cultavar 'clamax' '
Timothy (2) cultivar 'salvo’
+*Means compared horizontally
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Table 35. Total nitrogen concentration (%) of grasses grown in mono and sixed
cultures at different harvest, 1984 to 1985 (Experiment V).

Total nitrogen concentration
Harvest
YEAR TREATMENT . 1 2 3
(=) mo "
’
1984 Timothy with alfalfs 2.02b
Bromegrass with alfalfa 2.77a
Tall fescue with alfalfa 2.61a
~  Tamothy 1.95b
~ Bromegrass 2.0%b
Tall fesgcue 2.04b
»
Mean 2,25
+SE 0.19
- L
1985 Tamothy 2.36a 2.46b 2.9
Bromegrass 1.95b 2.9%a 3.76a
Tall fescue 2.85a 2.68b * 2,70b
Timothy 1.15d 1.43¢ 1.73d
Bromegrass = 1.55c 1.86¢c 2,13¢
Tall fescue 1.48cd 1.87¢c 1.83d
Mean 1.83 2.22 2.50
4SE 0.24 0.16 0.19

Means 1n a column followed by the same letter are not significantly different
at the 5% level of probability, sccording to Duncan's Multiple Range Test.

&

i
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susceptible species to drougHt conditions, benefitted from the N
transference process to a lesser extent than bromegrass.

Total herbage yield of both graess slone and 1n mixture w1t;
alfalfas (Tables 36 and 37) 1ndicated that ill grass speciles 1n
pure stands produced higher yields than those of grasses grown 1n
mixed stands, principally 1n the first and second year. In the
thard year stand (Experiment IV), however, yi1elds in mixtures
were equal to pure stands., As the expirlment did not receive any
N fertilizer, these results perhaps indicate that 1n the ot
establishment year and early stage of development in the second
year there was a relative sbundance of available so1l N to
support the growth of the grasses 1n pure stand. However, the
decline 1n the soi1l N availability by the end of the season 1n
the second yeép, produced the decrgase of the herbage yield 1n
the third year. Trenbath (1976) ;nd Haynes (1980) reported a
'competltlve dominance of legume under low 801l N svailabilaty,
where the grass 1s frequently suppressed or has little
advantage. However, under high N levels the strong responses'of
the non-legume ususlly dtauses decreases i1n the legume growth,

n

From the results shown 1n Tables 36 and 37, the depletion of soal
N resulted 1in the reduction 1n the herbage yi1eld of grass grown
n monbculture, but did not affect yields of grasses 1n mixtures.

Because total N yield (Tables 38 and 39) was obtained from

herbage yield X total N concentration, 1t followed the same trend

as N content and herbage yield. As expected, grass 1in
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Table 36. Herbage production (DW) of grasses grown in mono mixed cultures at

different harvests, 1983 to 1985 (Experiment 1V). Values in parentheses are the

percentages of the total annual herbage harvested. :
w

Dry Weight (DW)

YEAR TREATMENT Harvest
1 2 3 Total*+
(t/ha)

1983 Timothy(1) with alfalfa* 0.33c 0.50c 0.83c (14.8)
Timothy(2) with alfalfa 0.38c 0.34c S S 0.72¢  (13.3)
Bromegrass with alfalfa 0.44c 0.54c 0.98c (15.6)
Tamothy(1) 1.43ab 0.96b 2.39% (100.0)
Timothy(2) 1.17b 0.94b 2.11b (100.0)
Bromegrass 1.79a 1.43a 3.22a (100.0)

» 1
Mean*t+ ‘ 0.%92a 0.78b ) 1.70
+SE 0.31 0.22 0.46
- 1984 Timothy(1) with alfalfa 1.13c 0.88ab 2.01c  (16.0)
; ., Tamothy(2) with alfalfa 1.15c 0.89ab " 2.04c  (16,1)
Bromegrass with alfalfa 1.50c 1.07a p 2.57c  (19.6)
Tamothy(1) 3.48b 0.64b 4.12b (100.0)
Tamothy(2) 2.82b 0.76b 3.58b (100.0)
Bromegrass 4.49a 0.50b 4.99a (100.0)
Mean** 2.43a 0.79b 3.22 ’
+SE 0.5 0.27 0.51
- /

*1985 Taimothy(1) with alfalfa 1.75a 0.31ab  0.16b 2.22a (19.2)
Timothy(2) with alfalfa 1.86s 0.51a 1+ 0.20ab 2.57a (21.5)
Bromegrass with alfalfa 2.04a 0.50a 0.21a .75a (23.1) '
Timothy (1) 2.42a 0.290  0.05¢ 76a (100.0)
Timothy(2) 1.98s 0.37ab  0.04c 2.39a (100.0)
Bromegrass -, -+ -2.38a 0.43ab  0.06c 2.87a (100.0)
Meant+t 2.07a 0.40b 0.12c 2.60
+SE : 0.5% 0.14 0.03 D.59

Means i1n a column followed by the same letter are not significantly different at
the 5% level of probability, according to DBuncan's Multiple Range Test. )
+Timothy(1) cultivar 'climax'

Taimothy(2) cultivar ‘salvo’ -

++Means compared horizontally

+++Total product 1on (means) compared vertically

¢
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Table 37, Herbage production (DW) of grasses grown in mono and mixed cultures st
different harvests, 1984 to 1985 (Experiment V). Values in parentheses are the
percentages of the total anwnwal herbage harvested.

Dry weight (DW)

YEAR~IREATMENT Harvest
1 2 3 Totalt+t
. (t/ha)
1984 Taimothy with alfalfe 0. 14bc 0. 14bc (6.2)
’ Bromegrass with alfalfa 0.32bc 0.32bc  (14.5)
Tell fescue with alfalfe 0.12c 0,12¢ (5.7)
Timothy 0.57b . 0.5 (100,0)
Bromegrass . 1.15a 1.15a (100.0)
Tall fescue 0.57b 0.57b (100.0)
Mean ' 0.47 0.47
+SE ©0.16 0.16
1985 Timothy with alfalfa 0.96b 0.16b 0.04b . 1.16b  (12.1)
' Bromegrasss with alfalfa 1.6% _ 0,51b 0.18b 2,38b (20.2)
Tall fescue with alfalfa 0.57b 0.32b 0.17b 1.06b (10.0)
Timothy 4.89a " 0.99a 0.67b 6.55¢ (100.0)
Bromegrass 5.84a 0.96a 0.65b 7.85¢ (100.0)
Tall fescue 5.80a 1.28a 1.16a 8.2%s (100.0) .
Meant 3.28a 0.71b 0.48b 4.47
T S5t . 1.00 0.20 0.17 1.17

Means 1n a column followed by the same letter are not significantly different at
the 5% level of probabilaty, according to Duncan's Multiple Range Test.

*Means compared horizontally .

++Total production (means) compared vertically

- -

T~ - 3 - -
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Table 38. Nitrogen yield of grasses grown in mono and mixed cultures st different
harvests, 1983 to 1985 (Experiment IV). Values 1n parentheses sre the percentuges
of the total annusl nitrogen harvested.

r
L

N Yield

YEAR TREATMENT Harvest
. 1 2 3 Total**+

(kg/ha)

1983 Timothy(1) with alfalfa* 7.36c 10.41c 17.77¢ (12.9)
Timothy(2) with slfalfa 8.99¢c 6.96¢c 15.96c (10.7)
Bromegrass with alfalfa 10.69c  11.25be 21.94c  (13.3)
Tamothy(1) 24,54b  16.65b 41.19b (100.0)
Timothy(2) 23,650 16,23b 39.88b (100.0)
Bromegras 35.13a  24.44a 59.57a (100.0)
Meant+ 18.39a  14.39b 32.78
+SE 6.67 417 9.39

1984 Timothy(1) with elfalfa 10.22b ,26.21b 36.43bc (12.4)
Timothy(2) with alfalfa 11.17b  35.12b 46.30ab (14.8)
Bromegrass®with alfalfa 12.02b 46.57a . 58.59a (19.3)
Timothy(1) 12.08b 9.63¢c 21:72d (100.0)
Timothy(2) 10.60b 12.37¢c 22.98cd {(100.0)
Bromeqrass 18.0%9a 7.61c 25.70cd (100.0)
Mean*t 12.3710°  22.92a ‘ 35.29
+5E . 2.5 10,36 10,23
! F

1985 Timothy{(1) with alfalfa 30.95sb 7.75bc  4.8%9b 43,5% (14.1)
Timothy(2) with alfalfa 31.41ab 9,90ab 6,08b 47.39ab  (14.3)
Bromegrass with alfalfa 40.39a 13.28a B.18a 61.85a (19.5)
Timothy(1) 27.8ab 4,82¢c 0,75¢ 33,37bc (100.0)
Tamothy(2) 19.84b 4.82c  0.60c 25.26c  (100,0)
Bromegrass 33.30ab 7.66bc 1.18c 42,155 (100,0)
Mean++ . 30.62a 8.04b 3.61c 42,27
+5E 10.55 2.78 1.30 11.42

Means 1n a column folloﬁii@by the same letter are not significantly different st
the 5% level of probsbility, according to Duncan's Multiple Range Test.
+Timothy(1) cultivar 'climax' :
Tamothy(2) cultivar ‘'salvo’
+Means compared horizontally

+++Tatel production (means) compared vertically

1
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Table 39, Nitrogen yield of grasses grown in mono and mixed cultures at dxffgnant
harvests, 1984 to 1985 (Experiment V). Values in parentheses are the percenteges
of the total snnual nitrogen harvested.

a

: N Yield
YEAR TREATMENT Harvest
1 2 3 Total**
(kg/ha)
1984 Timothy with alfalfa 5.57¢c ’ 5.57¢  (8.6)
Bromegrass with alfalfa  8.87¢ 8.87¢ (13.9)
Tall fescue with alfalfa 3.08c \ " 3.08c (4.8)
Timothy 10.93bc 10.93bc (100.0)
Bromegrass 23.60a 23.60a (100.0)
. Tall fescue 11.56b 11.56b (100.0)
Mean 10.13 10.13
+SE 4.14 4.14
1985 Taimothy with alfalfa © 22.26¢ 3.87d 1.16d 27.29c (8.8)
Bromegrass with’alfalfa 32.75bc 15.21bc 6.61dc 54,57bc  (15.7)
Tall fescue with alfalfa 13.83¢c 8.55dc 4.69d . 27.07c (7.8)
+ Timothy | 55.82b  14.15bc 11.63bc 81.60b (100.0)
Bromegrass 91.68a 17.86ab 13.86b 123.40a (100.0)
Tall fescue B88.34a 24.05a 21.75a 134.13a (100.0)
- Meant 50.78a 13.95b 9.95b 74.68
+St 21.17 4,63 3.98 24.08

Means.in a column followed by the same letter are not significantly different at
the 5% level of probability, according to Duncan's Multiple Range Test.

*Means compared horizontally
+*Total production (meaps) compared vertically

«
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U
association yielded more than that of pure stands after.the
establxehment year. Theé presence of alfalfa caused a s{dnlflcant
increase oft% N content of grass 1n mixed culture 1n contrast to
the grass 1n ‘pure stand which suffered f}om the decline 1n
available so1l N (Experiment IV). In Experiment V, however, the
grass 1n pure stands yleldedva1gn1fxcantly more N than grass 1n
mixtures. This could be attributed to the higher level of
avallable nitrogen i1n the so1l that supported a normal growth.

X
4.2.2.3 Dry matter and N yield of culggégT systems
. | ///

Annual dry weight (DW) yxelaé are g;ven 1n Tables 40 and 42
for each of the 7 cultural syétems 1n each of the 3 years.
(Experiment 1V) and 2 years (Experiment V). As the 1interaction
between cultural systems and year were significant, the values of
total annual dry weight and total annual N yield presented 1n
.Tablea 40, 41, 42 and 43 are the secoﬁdary effects of both. DW
harvested over all cultural systems AVeraqed 4.32 t/ha 1n the
first year, 1ncreased significantly to 8.95 t/ha 1n the second
year and declined significantly to 7.98 t/ha 1n the third year
(Experiment IV). The latter was due to the lower yields of DM of

~<:he three grasses 1n monoculture 1n the second and third harvest
in 1985,

Alfalfa 1n pure stand and i1n alfalfa-grass mixtures gave

higher DW yi1elds than the qrasses (Tables 40 and 42). Yields
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Teble 40. Herbage production (DW) harvested from different cultural systems
at each harvest, 1983 to 1985 (Experfiment 1V).

Dry Weight (DW)

Harvest
YEAR  CULTURAL SYSTEM 1 2 3 Total*++t
(t/ha) .
« \ .

1983 Alfalfa 3.15 2.18 5.33
Alfalfa with taimothy(1)* 3.1 2,37 5.48
Alfalfa with timothy(2) 3.03 2.37 5.40
Alfalfa with bromegrass 3,47 2,83 6.30
Timothy(1) 1.43 0.96 2.39
Timothy(2) 1.17 0,g§ 2.Nn
Bromegrass 1.79 1.4 3.22
Mean*r 2.45* 1.87 4,32
LSD (5%) 0.48 9.27 0.58

@

1984 Alfalfa 7.32 4,23 11.55
Alfalfa with timothy(1)  7.77 4.8 7 12.61
Alfalfa wath timothy(2) 8.05 4,69 12,74

. Alfalfa with bromegrass 8.06 4,94 13.00
Timothy(1) 3.47 0.76 4.23
Timothy(2) 2,82 0.64 3.46
Bromegrass 4,50 0.50 5.00

| , .
Mean++ 6.00* 2.94 8.94
LSD (5%) 0.96 0.85 0.81

1985 Alfalfa 5.42 3.28 2.41 11.07
Alfalfa with timothy(1) 6.68 3,12 2.64 12.44
Alfalfa with tamothy(2) 6.38 3.34 2.61 12.33
Alfalfes wath bromegress §.60 2,94 2.18 1.72
Timothy(1) - 2.42 0.3 D.06 2.79
Timothy(2) 1.98 0.38 0.05 2.4
Bromegrass 2.36 0.44 0.07 2,87
Mean™+ ) 4,54 1.97 1.43 7.94
LSD (5%) 0.92 0.65 0.78 1.69

*Denotes significant difference among harvest at the 5% level of probability,
sccording to Least Significant Difference Test. ‘ .
*Taimothy(1) cultivar 'climax'

Timothy(2) cultivar 'salva’
*+*Means compared horizontally ]
++Total annual (means) compared veftxcally '
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Table 41.

+ to 1985 (Expen.ent 1v).
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[

Nitrogen yield of different cultural systems st each harvast ‘l983

) N Yield
; Harvest
YEAR CULTURAL SYSTEM 1 2 Total+++
g (kg/ha)

+ 1983  Alfalfa 64,56 63.32 127.88
Alfalfe with timothy{1)* 64.98 72.90 137.88
Alfalfa with timothy(2) 71.68 70.68 142,36
Alfalfa with bromegrass 82.66 82.26 164,92

v Tamothy(1) 24,52 16.66 41.18
Timothy(2) 23.62 16,62 40,24
Bromegrass 35.12 24.44 - 59.56"
Mean** 52.45 49.41 101.86
LSD (5%) 11.65 6.62 13.19

1984 Alfalfa 185.10 157.12 342,22

¢ Alfalfa with timothy(1) 163.68 187.90 351.58

’ Alfalfa with timothy(2) 183.72 165.58 349.30
Alfalfe with bromeqrass 160.68 176.74 337.32
Tamathy(1) 12.00 B.56 20,56
Timothy(2) 10.58 12,32 22,90
Bromegrass 18.06 7.60 25.66
Meant+ 105.40 102.30 207.70
LSD (5%) © 28,75 29.98 32.82

1985 Alfalfa 4 143,92 91.14 76,06 311,12
Alfalfa with timothy(1) 178,44 74,46 82.42 335.32.
Alfalfa with timothy(2) 173,72 84,76 74.98 .333.46
Alfalfa with bromegrass 175.60 75.88 "69.06 320.54
Timothy(1) 28.46 5.10 1.79 35.35
Timothy(2) 20.12 4.94 1.66 26.72
Bromegrass 34.14 7.72 2.2 44,07
Mean*t 107.77* 49.14 43,60 200.51
LSD (5%) 23,06 16.99 24,91 45,95

L]

*Denotes significant dif ference among harvest at
according to Least Significant Difference Test.

*Tamothy(1) cultivar
Timothy(2) cultivar

‘climax’
'salvo!

**Means compared horizontally
++Total annual (means) compared vertically

the 5% level of probabil:ity,

A

m



156

.

Table 42, Herb production (DW) harvested from different culturhl systems
at each harvest, 1984 to 1985 (Experiment V).

-

Dry Weight (DW)

’ Harvest
YEAR CULTURAL SYSTEM 1 2 3 Total**
) (t/ha)
LY
1984 Alfalfa 2.13 {2.33
Alfalfa with tamothy 2.12 - 212
. Alfalfa with bromegrass 2.14 2.14
Alfalfa with tall fescue 2.1 .2.n
Tamothy 0.57 - 0,57
Bromegrass . 1.15 “1.15
Tall fescue 0.60 ’ 0.60
" Mean . 1.54 ) ' 1.54
tLSD (5%) 0.53 0,53
e 1985 Alfalfsa 5.48 2,52 1.44 9.44
Alfalfa with timothy "5.36 2,73 1.55 9.64
Alfalfa with bromegrass 6.90 2,98 1.81 11.69
Alfalfa with tall fescue 5.83 3.0 1.64 10,77
Timothy . 4.89 0.99 0.67 6.55
Aromegrass ‘ 5.84 0.96 0.65 7.45
Tall fescue 5.80 1.28 . 1.17 8.25
Meant ) 5.73*, 2N 1.28 9.12
LSD (5%) 1.9 0.74 0.47 1.70

*Denotes significant difference among harvest at the 5% level of probabilaty,
according to Least Significant Difference Test. ,
*Means compared horizontally

++Total annual (means) compared vertically
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to 1985 (Experiment V).
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Nitrogen yield of different cultural systems at each harvest, 1984

x, N Yield
Harvest :
YEAR CULTURAL SYSTEM 1 2 ' 3 Total**
(kg/ha) .
1984 Alfalfa 52.50 52.50
Alfalfa waith timothy 65.10 65.10
Alfalfa with bromegrass 64,20 64,20
Alfalfa with tall fescue 65.80 65.80
Tamothy 10.90 10,90
Bromegrass 23,50 23,50
Tall fescue 11.60 11.60
Mean ‘ 41.94 41,94
LSD (5%) 12,40 12.40
1985 Alfalfa 156.60 85.40 53.90 295.90\\“~_____,//
Alfalfa with tamothy " 175.30 93.90 54.00 323.20
Alfslfa with bromegrass 188.50 92,30 66.00 346.80
Alfelfa with tall fescue 178,50 109.70 58.30 346.50
Timothy 55.70 14,10 11.50 81.30
Bromegrass 91.50 17.80 13.80 123.10
Tall fescue 88,20 23.90 21.60 133,70
Meen*i 133.47% 62,44 39.87 235.78
LSD (5%) 56,63 23.68 19.48 50.69

*Denotes significant difference among harvest at the 5% 1
according to Least Significant leferencg/}est.
+Means compared horizontally
*+*+Total annual (means) compared vertically

evel of probability,
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from alfalfa-gress mixtures exceeded the yields of alfalfe grown
v

alone, 1n majoraty of cuts. However, the differences were always,

small and were only significant for alfalfa grown 1n association’

~ with bromegrass in harvest 2 (1983, Experiment IV) and 1n harvest '

3 (1985, Experiment V).

Among the three grasses grown i1n pure stand, bromegrass was
significantly more productive 1n the 161t181 two years, but 1in
the third year this difference disappeared (Experiment IV),
However, the total annual forage yield of this species was
depressed by 69.5% during the f{rst year, 48.6% 1n the second
year and 4.5% 1n the third year of the eéxperiment, when 1t was
grown 1n mixture with alfalfa. On the other hand, 1n mixtures
the contrxbuglon of bromegrass to annual dry weight yield
increased from 15.6% 1n the first year to 23.1% 1n tge third
year (Table 36, Experiment IV).'

In Experiment V, among the three grass species grown 1n pure
staend, bromegrass was significantly more productive during the

.

first year, but at the end of the second year tall ﬁeacue proved
I

to be si1gnificantly more productive than‘bromegrasé. The total
annual forage yield frém these two species, however% was very
close. Moreover, the contributi1on of bromegrass to annual dry
welght yield 1mpgkoved from 14.5% 1n the first year to 20.2% 1n
the second year‘}:able 37).

N yield 1n alfalfa and alfalfa-grass mixtures were more than

3 to 4 fold as high as 1n grasses alone'durxng the first yesr and
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increased considerably i1n the following year (Table 41 aﬁq 43),
Over the experiments, alfalfa-grass mixtures produced more N than
alfalfa 1n monoculture. However, this difference was only
si1gnificant 1n the first year 1n both harvests (Table 41).
Moreover, among the alfalfa-grass mixtures there were only
significant differences during the 1nitial year.

The N contributions of the three grasses to the
alfalfa-grass mixtures followed the same trend of dry weight
production. The c;ntrlbutlon of bromegrass to annual N yield was
superior to the other grass species. Bromegrass contributed
13.3% of the total annual N yield 1n the first year and 1ncreased
to 19.5% 1n the third year (Table 38, Experimnet IV).

The low N yield of these grasses 1n monoculture could be
signi1ficantly improved by growing them 1n mixture wlth'alfaffé,
since the legume-grass mixtures reported here contained more than
three times as much N yi1eld as grasses grown alone. Such an
improvement 18 mainly relsted to the high N content of the
slfalfa, and also, 1n some cases to the release of N to grasses
from the associated legume. The slight difference 1n N yield
among the mixtures 1n comparison to alfalfa i1n monoculture’
reported here seemed to reflect seasonal variation in total dry
weight production rather than N content of the species. Howéver,
the major differences 1n N yield among the mixtures as well as
grasses 1n monocultures seemed to reflect differences 1n both dry

weight production and % N content of the species. For s high and
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nutritious forage yield under temperate conditions alfalfa should
be grown 1n maxture with grasses because this cultural system
often has greater advantage than 18 expected on the basis of
performances in pure stand. Although several explanations have
been suggested for this, the most obvious reasons are that the
alfalfe and grass use different N sources, spatial differences 1in
tﬁg use of resources (Martin and Snaydon 1982) and N transference

from alfalfa to grass (Ta and Faris 1985).

2.2.3 Conpaflson of methods for estimating.N2 fixation by

alfalfu

Nltroéen fixation by alfalfa grown 1n mono and mixed
cultures was messured by three methods (Table 44). As there were
si1gnificant differences 'among measurement techn?ques, cultural
systems and the 1nteraction of these two variables, the values
presented 1n Tgble 44 are the two-way 1ntersction and the main
effects of both. Difference method (DM) and 1°N 1sotope dilution
(ID)'gave higher estimates than acetylene reduction assay (ARA).
DM and ID gave estimates of Ny fixation that were sigmificantly
different 1n the seeding year for both cultural systems. In the
subseqLent years, the eét1mates by these two methods were close,
however, the ID showed lower standard error than DM,
demonstrating “that-"the ID was more precise to assess N2

fixation. Generally the assessments of Nz fixation by DM
I)
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Table 34. Significant two-way interaction and main effects of methods of °
estimating Nz fixation and cultural systems at esch year during 1983 to 1985.
Values in parentheses are the standard error of the mean for each techmigue.

Cultural system x Meagsurement technique

Interaction N2 fixed

Year
System Technique 1983 1984 1985
(kg/ha)
Alfalfa alone ARA* 28.94 26.48
ID 83.95 266.90 229.85
DM 61.77 288.85 213.86
Alfalfa with grass ARA 24.5 23.79
ID 115.81 246.44 200.34
DM 105.51 246.70 255.92
LSD (5%) 3.87 44,14 54,82
Main effects S
N2 fixed
Measurement technique ar Year
Cultural system 1983 1984 1985
(kg/ha)
ARA -~ Acetylene reduct16n 3 24,22 25.13
(4.9) (4.7)
ID - Isotope dilutaon 99.88 256.67 215.09
(18.4) (12.0) (17.1)
DM - Difference method 86.64 267,78 234,89
(21.8) (32.8) (33.97)
Alfalfa alone 58.55 194.07 221,85
Alfalfa with grass 82.11 172.31 228.13
‘LSD (5%) 3.87 44,14 54,82

*ARA = Acetylene reduction assay
ID Isotope dilution technique
OM Difference method

(o1}
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exceeded those produced by ID.

L)
The DM sssumes equal upteke of N from the so1l by fixing and .

. : )
.» reference plants. In this study, during the seeding year, DM

wunderest 1mated significantly Ny fixation ,comparefi to the‘

while 1n the following years DM overest imated fixation. Thais %
qouid be due to a less efficient use of so01l N by the fixing w

L4

plants, Aa\was observed 1n Tables (18 and 19) atom % 19N excess
1n alfalfa plants 1n both cultures was higher than the level of
natural abungaqce, showing that the fixing plant took up so1l N

and competed slightly with the grass for mineral N mainly in the

Beédlng year. Bole and Rennie (1983) claimed that the N

"dlfference method has generally underest imated fixation in the

field compared to the 1sot%pe dilution method. Martensson and |
'Ljunggren (1984) bo&pared Jhe derlvld total N fixation values
from DM and ID, and‘concludqd the ID gave a significantly lgwer
value of Nz fixed. Boddley et al. (1984) found that estimates of
N2 fixation by soybean were generally higher by the total N ' . 1
difference method, because the uptake by the nodulated plant«s was .
consistently higher than 4ptake %X\non-nodulated soybean. Wagner
and Zapata (198B2) also found 4 hlgﬁer uptake of ferti1lizer N by
nodulated soybean in the field compared to non-nodulated plants,
w1£h N2 fixation being overestrmated by total N difference. . The
relative upkaké of fertlglzer and/or so1l N by fixing anh
reference plants will depecd on so1l, plant and environmental

l 5
factors and management practices (Deibert gt al. 1979; Vasilas

-
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and Ham 1985), = . /(/

Independent of the cultural system, the assessments of N3
fixation by DM after the 1natial yéﬁr e;ceéded those estimated by
ID by an ovetall average of 4.15 and B.43% in 1984 and 1985,
respect1v?ly, nevertheless, these differences were not
significants, This .suggests that the DM will provide 8
reﬁresentat;ve N2 fxxétlon value where the environmental
conditions permat proper development of control plants and there
are no differences 1n uptake of N from soil or fertilizer between
fixing and reference plants.

Although many comparisons of ID and DM estimates of N»
fixation have been made, the results have been 1nconsistent.
However, 1n a number op studies good Lgreement hses been obtsined,
and this has lead some investigatars (Broadbent et al. 1982;
Phillips et al. 1983) to question 1f the ID offers clear
advantage§ over the DM, and whether the extra cost associated
with . ID are warranted. Talbott et al. (1982) noted that
1ndividual observations of the amounts of Ny fixed by soybean
estimated by ID and DM were highly correlated, but 1ndividual
observations of % Ndfa were not as closely related, Similarly,
Rennie (1984) obseived that significant relationships between ID
and DM estimates were frequent, and generall; of 8 higher

statistical significance for the amounts of N2 fixed Lhan for %

L4

Ndfa. Coale et al (1985) compared ID and DM to quantify the %

Ndfa and the absolute amount of N9 fixed. These comparisons

4

\
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showed some simi1larity, but there was a difference i1n the
precisions of the methods. The ID consistently showed a lower
standard deviation than DM for both dependent and 1ndependent
yield crateraa.

The ID offers greater sensitivity compared to the DM

f
(Ruschel et 8l. 1979), which 18 an advantage when measurxn& low

-

rgtes of fixation asssociated with forage grasses (Boddey gi al.
1Zﬂe) or cereal such as wheat (Rennie et al. 1983). Several
authors have also commented on the higher precision of ID
est1mates based on total N yield difference (Ruschel et al. 1979;
Talbott et al. 1982; Renmie and Rennie 1983; Rennmie 1984),
However, 1n the absence of evidence th%t fixing, and reference
plants up take the same proportion of N from so1l and/or
fertilizer, 1t cannot be assumed that the ID provides s ﬁore
accurate estimate of Ny, fixed compared to the Dg. .
W

The estimates by ARA were always significantly lowep than
those of the other two techniques. The amount of N2 fixed was
calculated as already mentioned in Experiment II. The total
amount of Nj fixed ranged from 23.79 kg N/ha to 26.48 é N/ha. ..
In addition, the ARA estimate for alfalfa grown 1n pure stand was
always close to thal of alfalfs grown 1n mixed stand. Thus, ARA
met hod gave the lowest N3 fixation estimates and the variataion
was notable duye to nitrogenase acti1vity that was not normally

distributed with no homogeneity of variance (Appendix 1). These

vari1ations and low values may be explained by the fact that a
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mixture of Rhizobium strains was used i1n assdciation with the
genetical variations that occur within the alfalfa population
(Tough and Crush 1979). As well the loss of nodules and damage
to the roots during the process of separation of the root systems
from the so1l contributed to the vsriations. S~

Data from the greenhouse study (Table 11) 1ndicsted that the
ARA for N2 fixgtion underestimates the DM by an overall average
of 64%, In this case, there was no contrel plant i1nvolved 1n the
DM, therefore overestimation should not be a factor. This would
imply a C?H2:N2 ratio of near 1.1:1, which 18 almost the same as
that measured for soybeans (Herridge 1982a). . Application ofrsuch
a ratio go the ARA estimate for field grown alfalfa would give an
eat1mate of 66.05 kg N/ha and 68.53 kg N/he 1n 1983 and 1984,
respectively, sti1ll well bel;w that of the DM estimates. In
spile of the error of estimate for Ny fjxatléh, under field or

v

greenhouse‘conaltlons and other limitations cgked, the ARA
provides a useful test for studying the relative gct1v1ty of the
nitrogenase enzyme complex at e specific point 1n time.

Estimates of N fixation from alfalfa grown 1n mixed stands
were significantly’ greater than for that grown alone 1n the
seeding year. In the subsequent years, however, there were no j/y
significant differences between the amount of Np fixed by alfalfs

plants grown 1n monn and mixed cultures. These data suqggest

that the grass has no detrimental effect on alfalfa Nz fixation

and may stimulate N fixation of alfelfa when both are grown 1n

»

~ L
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association. Creig de Anda et al (1981) reported,that the

inclusion of grass 1n legume mixtures caused an 1ncrease 1n the

N2 fixation of legumes. They explained that either less N 18

‘available to the legumes as a results of fast uptake by grasses,

‘or a possible excretion of some actlve substances by the grass

) \V[\

species may stimulate the lequme N2 fixation. ﬂ¢~

In summary, 1t can be concluded from the data presented 1n
this report that under low so1l N erther the 15N dilution
technique or the N difference method 18 su1taﬁie'f0r quantitative .

assessments of symHiotic Ny fixation. These results are

consistent with ofher findings (Ruschel et al. 1979; Talbolt et

al. 1982; Broadbent et al. 1982; Rennie 1984) and suggest that

—— —

the ID 18 the method of choice when the most precise field

~

measurements are needed. However, given the additional costs

assoclated with the application and analysis of 15N (atom % 15N),

the DM msy be preferred 1n some situations.

' s
X

!

.

2
~
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5. SUMMARY AND CONCLUSIONS

This study 1nvestigated some aspects related to N7 fixation
by alfelfa and N transfer to associated grass when grown in
mixture, using the 15N dilution technique., The seasonal pattern

of nlprogenage enzyme activity elsc was evaluated by acetylene

reduction asgay through the growth and regrowth time. Data were

N

. ‘)
collected 1n five experiments; two were conducted under

greenhouse conditions, using very low N level medium and the
4. other three under field conditions.

The proportion of nitrogen derived.from the atmoshpere (%
Ndfa) showed that throughout the entire season(s) ulf%lfa plants
were able to fix most of their total N requirement. The % Ndfa
increased over the growing season and rapged from 69.0 to 83.0%
(field studies) and from 95.0 to 98.0% (greenhouse studies).

This was compatible with the reduction of atom % 15N excess of,
alfalfa and grass during the experimental period. Also, this
explained well the relatively small. i1ncreases of % Ndfa and v
1ndicated that slfalfa and grass had an acceptable N uptake. In
addition, the low variasbility associated with assessments of %
Ndfa 1llustrated the usefulness of the 15N dilution method 1n
this study. .

The total amount of N2 fixed by alfalfa presénted a pattern
similar to % Ndfa with slight i1ncreases 1n the amount of N fixed
by alfalfas 1n assocration with grass, {n other words, mixed
cultures of alfalfe with grass did not reduce the apparent

’
activaity of lequme Ny fixation, and 1t sppeared 1n sagme cases

a -
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that the presence of grass stimulated alfalfa Nz fixation due to
either less N available to legume or the excretion of |
biologically active substances that stimulated the legume N2
fixation.

Transfer of N from alfalfa to the grass paralleled the Nj
fixing capacity of alfalfa and i1ncreased throughout the season.
Although N transfer only accounted for 4.0 to 24.0% (greenhouse
.studies) and 5.0 to 8.0% (field studies) of the total amount of.
Né fixed by alfalfa 1t was sjignificant 1n 1mproving the
production of grass when grown 1n mixture with alfalfa. During
the i1nitial season less than 5.0 kg N/ha was transferred from
alfalfa to grass, but these values 1ncreased to Z0.0ng N/ha and
19.0 Kg N/ha 1n the second and at third year, and represented
About 26.0, 46.0 and 38.0% of the total N yield of grass 1n
assoclation during those years. The ?on81stent percentage N
transfer that occurrgd before 1nitial harvest, together with . ,the
requirement of maintenance of the nodule weight by alfalfa roots,
indicated that this transfer process 18 not totally due to the
‘death of roots and nodule tissue after shoot removal but may
involve a co;sxderable degree of N excretion during the period
before and after harvest, \\

In general, the 15N dilution tgchnxque provided a useful
method to measure N transference and showed that all grass
species benefitted similarly from N transfer from alfalfa during

the entire period, althgqugh spec1§§ with earlier maturity and

’greater competitive abylity were more responsive., This suggests
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that grass species with fast developing root systems shogld be
used in alfalfa-qrass mxxiuree to eff1c1entry utilize available
N. )
}he results on gseasonal changes 1n nitrogenase enzyme
activity that were associated with nodule weight of alfalfa
suggest that alfalfa pf%nts have the ability to meintain the most

. {
of their nodule weight after the stress of shoot removal. This

information may explain why the capacity of N2 fixation by

‘alfalfa 1s only temporarily 1mpaired, with fast recovery of

/

nodule activity i1n few days.

Herbage and N yields from alfalfa-qrass mixtures exceeded
those produced by each componenl species grown 1In pure stands.
Thus, alfalfa 8hou¥g be drown in mixtures with grass, and manaqed
for high y1eld to maximize N2 fixation, while maintaining grass
to efficiently uti1lize avairlable so1l N,

Est1mates of N2 fixation, using the N di1fference method and
15N dilution method were fairly similar and larger than N2
fixation estimates by the acetylene reduction assay. Under low
8011 N levels either the "N dilution method or the N difference
method 1s suitable for quantitative assessménts of s§mblotlc,N2
fixation. The 15N§Laiutdon technique 18 the method of choaice
when the most precise measurement of N2 fixation 1s required.
Moreover, due to the cosls associated with the application and
analysis of 15N, and the sfﬁ}larlty of the results obtained by

these two Lechniques, the N difference may be preferred 1n many

¥
sittuations. y;
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6. ORIGINAL CONTRIBUTIONS TO KNOWLEDGE AND IMPLICATIONS FOR
FUTURE RESEARCH IN LEGUME-GRASS MIXTURES

Knowledge on the use of 15N dilution method to measure N’
transfer fram legume to associrated grass over ,the life of
perennial a%falfa—graaa mixtures 18 practically non-exaistent.

The present study 18 believed to Se unique 1n that 1t 18 the
f1r;t attempt to estimate the magnitude of the beneficaal
transfer of N from alfalfa to gress over time. The uniqueness of
this 1nvestigation 18 also related to the fact thht 1t describes
measurement of Nz fixation by alfalfa under mixed culture ovér
several years.

2. This 18 the first report to compare the assessment of N3
fixation by alfalfa grown 1n mono and mixed culturp, uti1lizing
1sctope dilution techniques over several years ydih
interpretation of long term i1sotope dilution study.

3. This 18 the first attempt to report the seasonal changes
1n nitrogenase enzyme activity of alfalfalgrown alone and mixed.
with gfass after successive harvests under field conditrons,

| 4. It was shown that alfalfa plants have the ebility to
adaggsto the stress of shoot removal by maintaining an unchanged
nodule weight with the convluslén that the N2 fixation process 1s
impaired only 1mmediately after harvest. This suggests that the

N transfer mechanism 1s not only due to the decomposition or

death of roots and nodule tissue after Cllpplna. This was

S
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supported by the fxnd;ng that there was some N transferred before
the first clipping 1anew stands. This 18 the first research
that suyggests that the N transference from alfalfa to gress
involves a8 considereble degree of excretion of soluble N
compounds by living roots. ' .

+ The fundamental information founa an this dissertation wall
contribute to a better understanding of Ny fixed and released
into the environment, and the i1nteractions that occur within
alfalfa-grass mixtures. However, several areas were 1dentified
that.need further 1nvestigation. These areas can be summarized
as follows: -

(aj The associative N2 fixation was not 1ncluded 1n the

objectives of this study. However, 1t was suggested from the

results of Experiment III that sssociative N7 fixation was

contributing to the N nutration of the grass. The associative Ng :1‘

“

fixation violates the assumption that the reference plant does
not fix nitrogen from the atmoéphere. To more accurately ma;sure
th? N2 fixation by the 15N dilution method, associative N2
fixation should be considered and i1ncluded 1n the measurement. =

~ (b)) Transfer of N from alfalfa to grass was demoqstrated
and quantaified. Fuither research 1s necessary to determine the
proportion of this N which 39 obtained by the grass: (1) directly
through absorption of %xcreted soluble °N co;p;inds;/(2)
indirectly through abﬁorptxon of N ffgm nodule and rogl

breakdown; and (3) "through associatyye N fixation, perhaps

4

o~

L3



sl

P ”/“’M"U

172

stimulated by the presence of the legume. .

(c) Generally, all grass apecxe; benefitted from transfer
of Nhfrom alfelfa 1n the present study. However the earlier.
maturing species and species with greater competitive ability
w;re slightly more pesponslve.to N treansfer. Additional resgearch
18 necessary to 1dentify the effect of gr;sa species and .
cultaivars or genotypes Nlibln species on the amount of N
transferred.

(d) Despite the extensive use of legumes as N sources 1in L
cropp;ng systems, relatively few measurements on release of
avaxlgble N from the decomposition. of legume residues are
avallable. Research on this subject 18 needed to claraify the

importance of this indirect pathway of N transfer from alfalfs to

grass.

o
at
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Appeﬁdix 1. Bartlett test for homogeneity.of variance of glﬂalfu~variablgs in the
seeding year, 1983 (Experiment III). :

¢

y .
Variable - Nodule fresh weight ,
e“ .
Source of D.F. Overall Variance . Bartlett test value
Variation Mean Minimum  Maximum actual data transformed data*
Treatmenty (T) 3 552.7  6B044.4 169884.8 7.81% " 0.25 ns
Determination (D) 6 : 58577.2 213056.5 14,51+ "2,16 ns
T ain D A 27 20183.7 211096.3 36,3 * - 12,80 ns %
Variable - Total nitrogenase activity ' | -
Source of D.F. Overall variance Bartlett test value .
Variation : . Mean Minimum  Maximum actual data tragfformed data
Treatment (T) 3 2.68 1.727 3.946 © 7.67% 1.86 ns
Determination «{D) 6 .0.383 4.047 35.69* 13.10%
T in D 27 0.175 19.901 | 43,05* 22,97 ns .
4 ' )

Var;able ~ Shoot dry weight .

- - L
Source of D.F. Overall * Variance ~. _Bartlett test value
Variation ‘ Mean Minimun  Maximum actual data transformed data

- 2
Treatment (T) 3 4,52 9.574 14,855 2.94 ns 2,73 ns
Determination (D) 6 0.96x10-1 16.322 126.39* 21,25+
Tan D : 27 - 0.37x10-1 17.485 " 118.66* ' 48,56*
g gw o

e . . I
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. Appendix 1. Continued . T A d
Variable - Root dry weight R
T Source of D.F. Overall Variance Bartlett test value
‘ Variation ’ Mean Minimum  Maximum actual data transformed data
.~ Treatment (T) 3 4.81 4,733 7.206 2,09 ns 2.98 ns +
. Determination (D) 6 ) 1.395 8.568 21,83+ 6.18 ns
- . T n D ¢ 27 - 0.497 9.847 .- 34,21% 27.28 ns -
7 o ) e : - ;oL o
Variable - Shoot nitrogen yield ’ i
— R - . <
] . oa : g
Source of D.F. Overall T&Varlance Bartlett test value !
C . Variation ( Mean Minimum  Maximum actual data transformed: data .-
‘ , Treatment (T) .3 2.88 0.244  0.457 .. 3.62 ns . 2.11 ns- .
Determination (D) 6 ‘0.525x10-1 0.207 14.32* 8.70 ns g
Tin D : 27 0.299x10-2.0.348 63.69*% . 62,81%
' Varisble - Root nitrogen yield i J ) ’ . o :~
o ‘ . !
Source of D.F. Overall Variance Bartlett test value
- Variation Mean . Minimum  Maximum actual data transformed data
Treatment (T) 3 1.678 0.394x10~1 0.957x10-1 8.98% 1.46 ns
Determinatipn (D) 6 - 0.957x10“2 0,998x10~1 29.18* 3.66 ns
T in D 27. . 0.200%x10-2 D.322 60.07* -27.60 ns

*, = significant difference at the 0.05 level of probability.
) - ns, = no significant difference. *

: ¥ Analysis of transformed data using natural logarithm. 3

TAT
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Appendix 2. Bartlett test for. homogeneity of variances of alfalfa variables in the

subsequent year, 1984 (Experiment 1I11),

Variable - Nodule fresh weight

Source of . D.F. Qveréll Variance
Variation Mean Minimum Maximum
Treatment (T) 3 378.61 1.12x105 3,22x10%
Determination (D) 5 i 4,99x103  2.75x103
T 1n D 23 1.25x103 5.02x10°
Variable - Total nitrogenase activity ‘%
Source of 0.F, Overali Variance
Variration , Mean Minimum Maximum
Treatment (T) 3 2.225 3,73 gfiz
Deterwminsation (D) 6 0.10 311,
TanD 27 0.178x10-1 17.49

EY ' f
Variable - Shoot dry weight -

Source of D.F. DOverall Variance
=¥ariation ‘ Mean Minimum Maximum
Treatment (T) 3 7.62 °29.88 . - 51,90
Determination (D) 6 0.16 35,03

T in D 27 0.23 80.25

Bartlett test value

actual data

11.5%
104.4+*
120.6%

transformed’Qata

ﬂ.sﬂnns
13.10*
.33.70 ns

Bartlett test value

actusl data

7.6*%
157.8*
161.8*

transformed data

1.80 ns.
13.00%

35.40 ns

Bartlett test value

actual value

-2.6 ns
152.6*%
161.8*

transformed data
1.20 ns

9.12 ns
35.00 ns

 Cant...
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Appendix 2. Continued ...

4
\ )
Variable - Root dry weight ¢ .
= g .
Source of D.F. Dversall Variance - . Bartlett test value '
Variation Mean .  Minimum Maximum actual data ' transformed data //////
Treatment (T) -3 8.19 8.27 12.95 1.80 ns 2.06 ns -
Determination (D) 6 4,364 17.12 15,75% 10,80 ns/
T in D 27 : 0.48 ' 26.29 | 46.00% 33.38 _ns :
///’
Variable - Shoot nitrogen yield
Source of D.F. Overall Variance -~ Bartlett test value —
Variation Mean Minimum Maximum actual data transformed data bt
,/ -
Treatment (T) -3 -3,02 0. 11 ' 0.41 14,71 . 9.05%*
Determination (D) - 6 0.25x10=1 0.29 36.65* 24,13 ns .
TinD 27 0.29x10~2 0,31 52,91+ 30.48 ns
- /'/Vr ’ @
Variable - Root nitrogen yield
Source of D.Ff. Overall Variance ) Bartlett test ‘value
Variation . Mean Minimum Maximum actual data transformed data
Treatment (T) ¢ 3 1.63 - 0.26x10-1 g,78x10~1 17.42* 13.10%*
Determination (D) 6 . 0.11x10-1 0.74x10-1 30.80% 36,57+
Tin D 27 ‘ ~ 0.20x10-2 0.23 75.84 32,93+

[}

* -

, = significant difference at the 0.05 level of probability., R
ns, = no significant difference, ' )
+ Analysis of transformed data using netural logaraithm.
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Appendix 3. Bartlett test For’ho-ogeneity of varisnces of grass variables in the
eeding year, 1983 (Experiment III).

Variable - Shoat dry. weight

N\
Source of D.F. Overall Variance Bartlett test vslue
Variation ﬂMean Mini@ym Maximum actual dats tranasformed data
. R
Treatment (T), 5 1.112  0.410x10-1 3,124 179.5* - 20.87*
Determination (D) 6 0.161 4,099 97.3+ *6.90 ns
T in D ' 41 0.200x10-1 19.76 335.9% 44,93 ns
. Variable - Root dry weight . i
Source of " D.F. Overall Variance : Bartlett test vaslue 8
Variation Mesan Minimum Maximum actual dat . transformed data
Treatment (T) s 2,331 0.912 6.762 92,38% 2.28 ns
Determination (D) 6 2.561 12.673 35,49+ 8.09 ns
T in'D 41 0.67x10-1 13,027 160.13+* 49.00 ns
s, Variable = Shoot nitrogen yield
Source of D.F. ,Overall | Variance Bartlett test value
Varistion Mean Minimum  Maximum actusl data transformed data
N N k-
Treatment AT) 5 2.143  0.735x10-1 0.236 11.69*% 1.96 ns "
Determingfion (D) 6 ~ 0.375x10-1 0.B56x10-1 9,10 ns . 1.56 ns
T in D .41 . 0.199x10-2 p.162 146,00*% - 33.55 ns -
. , ‘Cont...



’ﬁbpendix 3. Continued ...

e

_ Variable - Root nitrogen yiela ’ '

»
-

Source of D.F. Qverall" Variance Bartlett test value - -
Variation Mean Minimum Maximum actual data transformed data
Treatment (T) 5 0.691 0.828x10-2 0,276x10-1 17.14% 6.20 ns
Determination (D) 6 0.895x10?2 0.424x10-1 24.86*% . 9.70 ns
T in D ‘ 41 0.199x10-2 0,200x10~" 54.30 ns 51.09 ns
*, = significant difference at the 0.05 level of probability. O
ns, = no significant difference.
* Analysis of transformed data using natural logarithm, .
. N - .t-o.
J . [X,]
- » 9 °
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Appendixia. Bartlett test for homogeneity of variances of grass variables in the
subsequent year, 1984 (Experiment II1I1). '

>

)

Variable - Shoot dryiweight

Source of D.F. Overall
Variation ‘ Mean
Treatment (T) 5 1,96
Determination (D) 6

T an D - 41

Variable - Root dry weight

»

Source of D.F. Overall

Variation ‘Mean
Treatment (T) 5 6.56
Determination (D) 3
T an D 41

’

Variable - Shool nitrogen yield

A\

Source of D.F., Overall

Variqtioh Mean.
Treatment (T) _. 5 1.76
Determination (D) 6
T in D 41

Variance

. Minimum Maximum

0.479 10,937
0.246 11.245
0.700x10-2 8,455 |
a

Variance
Minimum Maximum
1.228 -32.680
10.60% 61.315
0.1063 76.587

Yariance
Minimum Maximum
0.163 1.22

0.733x10-1 1,411
0.200x10-2 D, 108

¥

-

* Bartlett test value
.actual data transformed data

81.1% 15.96*%
179.0% 9.95%
179.6% 81.03*

3

Bartlett test value
actual data transformed data

115, 7% ,13:02%
29,9+ 12.04 ns
170,.6 56,00 ns
‘ ®
=

Bartlett test value
actual data transformed data

59,7% 5.08 ns
73.3% 11.77 ns
1655 5% ; 125.77+%

Cont...
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Appendix 4. Continued ...

*

Variable - Root nitrogen yield

Source of D.F. Overall Variance ’ Bartlett test value
Variation . Mean Minimum Maximum actual data transformed data
Treatment (T)- 5  0.754 0.635x10-2 0.613x10~1 62.9*% 15,03*
Determination (D) 6 . - 0.1096 0.191 4.1 ns 5.11 nsg
TQD 41 0.200 . 0.167 127.0% 56.92 ns
*, = significant difference at the D.05 level of probablllty. N
ns, = no significant difference.
« + Analysis of transformed data using natural logarithm.
. ’ %
Y -
- ° »
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