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NITROGEN fIXATION, TRANSfER AND,COHPETITio~ 
IN AlfALfA-GRASS MIXTURE~ 

, <. 

" The productlvlty of pastures" ln 'the temperate reglons of the 
world lS l1mlted la.rgely by the avallablllty of Nltrogen (N). 
Nltrogen f!long legumes ha.ve been wldely used as sources of N 
both for Improv lng the SOlI aAd for Improvlng forage product Ion. 
However, very 0 few mea!luremeDts have been undertaken to assess the 
beneflclal effect of legume on thé development ~f grasses ln 
mIxtures. ThIs study waB carrled out to characterlze the 
contrIbution of N2 fIxation by alfslfa (Medlca90 satlva L.) and N 
lransfer to assoclated grasses tl'mothy "(Phleum El/slense L.), 
bromegrass (Bromùs InermlS Leyss.~, orchardgrass (Dactylls 
glomerata l. ), and lall fescue (festuca arundl.nacea SChréb.) when 

, grown ln m'llclure, 'uslng the ,1~N dl1ublon technIque under 
greenhousf!, and fIeld condl t Ions. {) 

The percentaQe of alfalfa N derlved from atmosphere (~ Ndfa) 
Increased throughout the gr-owlng sesson and· ranged From 69.0~ to 
B3'.O~ (fIeld)and from 9~.,O~ to 98.0~ (g.reenhouse). The"total 
amount of N2 fIxatIon presented a pattern slmllar to ~ Ndfa wlth 
Sllght Increases ln the absolute amount of N2 fued b1J'alfalfa ln 

"..m 1 )C e d s t a '1 d s • • I.t w a s con c 1 u d e d t ~h atm 1 xe d cult ure S 0 f al fa H a 
'dld not reduce the apparent actlvlty of alfalfa N2 f,uatlon. 
lndeed, th, presenc~ of â grass may h!3ve st lmulated alfal fa N2 
fJ.xatlon. \ 

N transfer f.rom alfal fa to an a'ssoc18led grass wa's eVl,.dent, 
and conlrlbuted 26, 46 and 38~ of the total annual N yleld of 
graBs and represented an absol~te·amount of about 5.0; 20.0 and 
19.0 kg N/ha dUrlng the flrst, second and thJ.rd year, 
respect 1 vel y. The graduaI and' conslst ent per'centage N transrer 
that occurred before InItIal harvest lndlcaled that thls transfer , / 

lS not pflmanly due to the decomposlllon of nodulatep rool~ 
after shoot removal, but lnvolves a conSIderable excrellon of N 
compounds dunng the perlod be'fore and aftet har,vest. 

The 1~N dIlutIon technIque provlded a useful melhod to ~ 
measure N2 f.lxatlOn and N tl'ansference. The results showed that 
aIl grass speCles benefitted slmllarly from N transfe~ from 
alfalfa, althoug~ earller malurl~g specles WJ.th greater 
competItIve abllIty are mo~e Sllghtly responslve.:. 

fIeld and greenhouse estlmates of N2 fIxatIon u81ng the N 
dlfference ~ethod_ and 1~N dllutlon method were falrly slmllar for 
th~ two technIques and larger th an N2 fIxatIon ;alues estlmated 
by acetylene re,duetlon. , Il 19 concluded that .15N dllutlon 
technIque lS the method of cholce when preCIse measurements of N2, 
fl~atlon are requlred, and N d~ffer~nce may be used when 

-resources for Isotope technIque are lImlllng. 
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« 

LA PUATlœt BT LB TRANSFERT D'AZOTE ET' LA COHPETITIOR 
nusDs~iSWDmŒ~~ 

La prodU'cti vlte des herbages dans les zones tempérée,s du monde .' limitée 'en grande partie, par la disponibilité d~ l'azote (N). Les 

Ugumineuses sont souvent utilisees comme • source d'azote pour 

est 

,l'amélioration du sol et pour l'augmentation de la production fourragère. 
\ ' 

Cependant, il n'exIsté qlte peu d'études concernant l'effet bénéfique de . 

. l( l(\gumineuse sur ÎE!;' graminées cultivées en pJélange. , 'cette' étude. porte 

sur la fixation de l'azote (N2) par la luzerne (Hedicago sativa L.) et 

le transfert de N aux graminées cultivlies en 8ssociatf.on, telles la 

. fléole (Phleum pratense L.), ,le brome (Bromu8 inennis Leyss), le dattyle " 

(Dactyl1s glomerata L.) et la fétuque Uevée (Festuca ~rundinacea 

Schreb.). On a utilid la technIque de- dl114tion de 15N en serra. et 

en cJlamp. • 
Le pout::centage d'azote dans la luzerne provenant de l'atmosphère 

(X Ndfa) a, augmenté, avec le temps de coupe et varié de 6~% à ~.O% dans 

le .. champ, et d~ 95. o~ a 98. O~ dans la serre. On a obser"!,é une relation 

entre la quantité totale d'azote fixl! e~ Ndfa avec de légères 

augmentations de la quantt'te abso}ue d'/zote fixé quand la luz~rne est J . 
cultivee en assoc1ll,tion avec une graminée. On a conclu que l'associatl~ 

luzerne-graminée n'a pas ré~u1t la fixation d'azote par la luzerne 
-

c'bmpad au semis pur. Il semble même que la presence d'une gtamin!.e a 

peut ... être stimulé la fixation d'azote par la luzerne. 

Il est évident qu'il existe un transfert d'azote entre la luzerne et 

la graminEe associée. Ce transfert a contribué pour 26. 46 et 38% du 
G 

rendement annuel total de N des gOraminée~, soit 5.0, 20.0 et 19.0 kg N/ha 
') . 

pour les trois ,premi~res années. 1;oe transfert graduel et proportion-
, .... ,. 

ne11ement constant d'azote observe avant la première récolte Ind,ique que 

ce transfert n'est pas Principalement dB à la dEcomposition. apr~s coupe, 

de racines nodullie.s. mais à l 'excrEtion~ d'une quantité considerable de 

compos&s azot6a avant et aprês la récolte • 
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La technique de dilution de 15N s'est a~êrêe ~~>m6thod~~ica~e 
pou~ quantifier la fixation de N2 ~~ le transfert de N. Le~" thultats 

... montrent que toutes ,les 8ramin~es ont b~n~ficié de façon 'Similaire du 

'transfert (le N de la luzerne, q601que les esp~ces plus hAtlves et plus 

comp~tltives rêpondent mieux. 

Les deux mêthodes util1des pour estimer .l.a quantitê. de N2 fixé en 
" , champ et en serre, les mêthodes dites de différence de N et de dilution 

de 15N. ont donné des valeurs semblables et sup6l:ieures 1 la quantité 

estimée par la réduction d f.~étyUne.. De prHérence, la technique de 

dilutiQn de 15N devrait être util:h6e quand la fixation de N2 do'*. . . 
être évaluée de f,açon précise, alors que la méthode de différence dt àzote 

suffira dans lès cas où le manque de ressources emp8che.l 'utilisation de 

la techn\<lue de l'isotope. 
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1. JNTRQOUCTION 

1 Nltrogen lB the nutrlent that. 4 most Frequentl)' llmlts 

productlVlty ln most ecosystems of the.world. Production may be, 

lncreased wlth addItIon of' nltrogen fertlllZer but thlB requIres 

hlgh Inputs of energy at escalatlng costs. The" as·soclatlon of 

bacler18 of the gen~s RhIzobIum (rhlzobla) wlth legumlnous plants 

18 unlque, and lS the phenomenon ln Whlch N2 From the at;lllosphere 

lB flxed Into NH3 by the enzyme nltroqenase~ Th1s needs to be 
. 

more wldely utIllse~ as an alternatlVe to reduce t~e 'dependency 

of forage and crop production on fert1l1zer N. 

In range systems, legume-grass mlXtures present a good 
" 

strategy ta Increase forage pr,Oductlon and quallty. Most 

pert l nent llterature agrees that the presence of- 1egumes 1 n . 

pastures not recel\llng#fertll1zer N Increases the total h~rbage 

yleld an'd protel.n content as well as th~ yleld of the grass 

component. In fact, these stud1es have shown that mllctures of 

, legumes and grasse!! oflen have gr~ater total )'lelds then e)(pected 

on the baslJ of the yleld of the component spec'l~S, when grawn ln 

pure stands. 

Alfalfa (Medlcago satlve le), tlmothy (Phleum pFatense le), 
l 

'brom'WJras~ (Bromus Inermls Leyss. ~ f orchard'grass (Dactylls 

91 omerat a l.) and tall fescue <restuca arundlnacea Schreb.) have 
, 

a long and 81gnl f lcant hlstOrY as ferm crops and are very 

lmportant ln forage product lon ln North AmerIca. They are weIl 

' . 
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~dapted to a range of cllmatlc and edaphlc condItIons. Prevlous 

research has shown that alfalfa ln asSOC}atlon wlth tl~othy, 
~ .. .' 

, 
bromegrass, and 'ot.her grass speCles has remarkable pote~tlal ln 
, c,~. 

(- lmp rov lng 16q.aqe produc tIan arrd quahty. In addItIon, alfalfa lS 

very compatIble when seeded ln mIxtures Wlth grasses. These 
. ~ ,,/~ \ . 

speCl'es were used to cond~jct aIl experlments ln the present 
~ 

st ud y. 
~ 

The nature of the mechanlsm of forage crop InteractIon has 

been studled and lnferred from varlous-observatlons. However, a 

better understandlng of N2 flxeQ~,nd relea~ed Into the SOlI and 

of interactIons th~t occur among forage specles wh en grown ln 

aSSoCIatIon IS requIred. 5011 N uptake by legumes and grasses ln 

mIxtures has been extenslvely InvestIgated ln recent years 

us~ng the Isotope dIlutIon technIque and the dlfference method • 

• CompetItIon between legume and grass for SOI~ N depends on the 

levels of 5011 N and flxed N and the InteractIons between the two 

Hlgh levels of ~oll N ptovide superlor growth potentlal 

to the grass ~nd result ln lower N2 fIxatIon rates.by the 

ie~ume. However, at low levels of SOlI N, hIgher N2 fIxatIon 

rates promotê hlgher relatIve growth rates by the legume ln 

cOmparI$On to gra~s. 

Many re8earchers have trIed to quantlfy N transfer fr~ 

legume to grass ln mIxtures. There 18 consIderable controversy 

about thelr results, WhlCh showed that 0 to B% of the N2 flxed by 

the.l~gume was:transferred:to the companion grasse ThIS 

.. 
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controversy lB malnly due to the methods ~sed ta measure N2 
, 

fixatIon and N transfer ln each trial and to the poor 

understaodlng of the mechanlsm of transfer~ It IS Important to 

understand these aspects as weIl as the effect that competition 

From grass speCles ma)' have on the rate of legume' N2 fuat ton, . 
wh en seeded ln ~ssoClatlon. 

The present study wa~ conducted to achleve the followlng .. 
objectives: 

1. To evaluateothe amount of N transfer from N2 fIXing alfa~~to 
, 

a8soclated grss8 under field and ~reenhouse condItions, uSlng 

the 1SN dllutIpn technIque. 

2. To measure N2 fixation Eates'of alfalfa grown alone and ln 

mixture wlth grass, uSlng Isotope dllut10n, dlfference method 

and acetylene reductlon .a8say. 

1. To quantlfy competitive ablllt)' for N·of dlffe~ent gr«s8 

specles and alfalfs, when sèeded ln mJXed -culture. 

4. ·To Investlgate the behavloT of the nltrogenase actl\llty of 

.. 

alfalf~ grown alone ~nd ln ml~ture.Wlth grass, before and 

after succeSSIve harvestB • 

/ 
.. 

.. 
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j 2. LITERAfURE REYIEW 

,llt~rature pertInent ta legume-grass ml'xtures w1l1 be 

revlewed ln thls"sectlOn. Nltrogen fl)(a'IO~ 'by aifalfa, trsflsfer \, J 
of N .from legumes to grasse!?, genersl N balance, competltlon 

between plan~ specles and stablilty ln the mIxture, and methods 

for ~easurlng NZ fIxatIon Will be emphaslzed. 

2.1 Nlttogen fi~ation by Hedlcago sativa l. 

\ 

Many members of the famlly legumlnoseae possess the ablilty 

to enter lnto symblosis wlth bacterJa of th~ genus RhIzobIum •• ----. 
WlthIn thlS relatl'onshlp the ba,otenum fixes' atmospherlc NZ Into 

blologlcall y avall able ammonia ,and the macf,?symblont (host) 
, 

•• fI 

supplIes the necessar.y ènergy ln the form of sucrase "from WhlCh 
, J 

, ~. 

electrons and'generated ATp'(a~en~slne triphosphate) drive the NZ 
.. : 

flxe1'10n process. ThIS ar rangement gl ves t-he legume aceess to 

thè large pool of'N present ln the stmosphere as N2, an 

extraordlnary advantage under condlt10ns of N lImitatIon (Ste~art 

. 1 9 B 2 ) • le 9 u th e s ab 1 e t 0 'n 0 d u 1 a t e and su b SIS ton b 1 0 log 1 calI y 

flxed N can do 50 wlth varYlng.de9rees of efflclency (LaRue and 

Pallerson 1981). ,Medlcago satlva L. lS a forage legume specles 

often conslqered ta have hlgh ablilty to form an adequate . 
symb1091s wlth Rh1zoblU~ mglliotl. Early workers have shown th19 

wlth dlfferent specles and varletJeS of Medlcago (Brock~ell and 
• 

'.., 



Hery 1961, 1966; Erdman and Ura Mae 1953; Glbson 1962). Bur'ton' . 
(1~75Y 9tudled the straln-var~ety reactlons whep elght varletles 

, . of alfalfa were-tested agalnst 13 stralns of R. melllotl. The 

results conflrmed that aIl varletles were nodulated by the 

strUIns of rhlzobla tested, but the amount of N2 flxed varled due 

to rhlzobla~ str ln effect 1 vene,ss. 

by ;::;fa are The data 01'1 amount of symblotlc ~2 fIXatIon 

few and vary Lyon and BlZzeIl (1933) cultured alfalfa 

contlnuously over a 10 years perlod a<f'ld reported S,ymblotlc N2 

,fIxatIon of- 273 kg N/ha per year. Estlmates for alfalfa came 

...-from an 'lal year lysl.meter study by K.arraker rt!l. (1950). The 

. , 

"\ 
authors studled the N balance ln a contlnuous croppln~ wlth 

alfalfa and other legümes an~ Ke~tucky bluegrass (Poa pratensls 

L .) a sac 0 n't roI • The annual average of N2 fIxatIon caleulated 
, -' .. 

by' the dIfference method Indlcated that' alfalfa plants were more , 

effectIve ln fl~lng N2 than other forage Iegumes. Averages of 

212, 128, 154 kg N/ha per year weJ;.e obtalned for alfalfa, whlte 

claver (Trl.follum repens L.) and red clover (Trlfollum pratense 

L.), respectlvely. Helchel ~!l. (1981) used Isotope dilution 

and .'An-value' to estlmate N2 fixatlon ln two pOpu}'8'tI~ons of 
( 
alfalfa selected for hlgh nltrogenase acflvlty. They reported an 

average of 148 kg N/ha ln the establIshment year wlth 43% of 

total N yleld derlved From fl~~lon. However, the amou'nt of N2 

flxed and percentage of N derl~ from blologlcal fIxatIon varled 

over the growth season. In an e~tenslve study of alfalfa 

.' 
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conducted by S<>ilv.er and Hardy (1975) the rate of N2 fu(ed was 40 

kg tJ/ha Inthe seedlng yeer, when ,alfalfa was not Inoculated an~~ 

, ..... 
the sOlI was deflClent ln P or K, but the rate of N2 fl)(atlon 

l' ,-

Increased to 90 -kg N!h~ ln the estàbl.lshment year, ";hen the sOlI 

was deflClent ln nltrogen onl}_ Bell and Nutman (1971) reported 
-

a rate of N2 fnetlon of 220 kej-N!ha per year for effectlvely 

lnoculated alfalfa plants, wlth .\lP to 78% of plant N derlved From. 

the atmosphere. 

,More conservatlve estlmates range from ~3 to 100 kg N/ha 

(Erdman and °Ura Mae 1953). ln 197~,. Eskéw and'aSSOCI-ates 
. 

reported a hlgh actlvlty of nlt~ate reductase ln the shoots of 

the alfalfa plants, docùmentlng the ut1.llZat}On of fned nItrogen 

ln hlgh levels. 51nce alfalfa .lS a perennlal and c-an produce 

seven or 'eight cuttlngs ln onp cllmate, and o~ly two or three ... 
cutt~ngs ln another, l~ IS normal that estlmates of N2 flXed,(' 

should v~ry wldely (Bur,tbn 1975). 

There have been many stuDIes Qf -the lnf luence of fertlllZer 
.. -, ..... 

0.,0 symbIotlc N2 fIXatIon' ln alfalfa and· other légumes. It lS 

estabilshed that large amounts of applled N reduce root-hal~ 

InfectIon (Munn~ 1968a; Dazzo'and Brlll 197B), nodule number ~nd 

nodule. mass (Oart and Merce·r -1965; Summerfleld !!. !!l. 1971), and 

the N2 fIXl'ng aclIvlty .ôf .flod~lated roots (Allos and Bartholomew . . 
e 

1959; Glbson 1974). Allos and Badholomew (1959) lndlcated that 
'> 

small amounts of comblned N, up to BO mg of N per pot, Increased 

growth and symblotlc N{ flxstlOD ln alfalfa, but hlgh rates dld 

.. ./ 
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not Increase the growth rate and replaçed symblotlc N2 fIxatIon 

ln ~arge degre~. RIchardson.!:!..!.!.. (1957) found Slmllar results, ~ 

nevértheless they reporteo ln na Instance N2 flxatlon,was 
, , 

completely rep1aced by fertillzer N. 

USlng 15N labelled fer~lllZer, McAullffe !!!.~. - (1958} 

obtalned the opposlts results. In 10 weeks growth of alfalfa ln 

aN poor 5011, symblotlc N2 fIxation drop'ped From 58 to 17~ when 
1 

N fertillzer level was Increased From 22 to 88 Kg/ha. These 
&: 

confllctlng results should be explslned by other factors that 

Influence dIrectly the N2 f!ltallan prq.d!ss. Dart and Wlldon 

(1970) and [aglesham et al. '(1983) reported on the form'of the N -- , 

compound that Inhlblts N2 fIxatIon. Other authors pfJbllshed that 

the degree of Inhibltlon varled wlth hgu-me specles (Allos and 
" j • 

'.Bartholomew 195"9; Dèan and Clark 1960), cultlvar (Glbson 1974), 
o , 

atraln of RhlZoblllm (Pate and Dart 1961), °seaso-n (Pate anJt Dart 

1961), llQht Intenslty (D~rt and Mercer 1965), temperature 

(Glbson 1974) and nutrItlona! Cop'ditions (Pankhurst 1981). 

However, small amounts of comblned N lS usually recammended ta 

allevlate the N-stress ln the InItIal phase of nodulatlon (Glbson 
• 

and Nulman 1960; Munns 1968a, b; Dart and Wlldon 1970.; Glbson 

~974; Lawn and Brun 1914; Dean and Clark 1980; Helchel ~ ~. 

1981; Eaglesham et al. 1983). - - " 

./ 
2.2 Nitrogen transfer From lequ.e ta grass 

" 
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AttentIon has been focused on the questIon of the eXIstence , .' 
, 

of transfer of N from legume to grass durlng assoclated growth. 

In the 1930's a reVIew of eVrldence by Vlftanen (1933) and NIcol 

\.._ (1934) concluded that the transfer of N From legumes to 

assoc 1 at ed non-legumes I:;an' be t aken as w~ll ~tabll shed. 
, . 

They 

~eported that gramlnea8 growlng 1n mlxed cultures ,together wIth 
. ~ .. 
le~ümes can obtaln thelr nltrogen supply with the ald of legumes, 

and that one pea plant lS capa~l~ of supplylng suf.flcient N for .. 
the growth of two oat plants. It ~as been suggested also that 

transference mey occur at ao early 9rowth stage, approxlmately 

fhree months 9r le~s from plani-Ing (Thornton and NIcol 1934). 
/ 

Lyon and BlZzell (1911) ... found t.hat thé N content of a non-Iegume 

grown un der fIeld condItIons co~ld reach a hlg~er value when ln 

aSSocIatIon With a legume. 
, 

Thelr results were'based on analyses 
, • )f 

rather than on absolute fuantltles and the materlal was obtalned 

under f~eld conditIons wh1ch permltted consIderable var1st1oh. 

Stallings (1926), concluded that N was tr~nsferred as ammonla and 

hiS results lndlcated that wheat derlved substantlal amounts of N 

~rom soybeans grown 1 n assoc 1 at l dn. 'However, no re ferrnces were 

g1ven and Stallings provlded no justificetlon,for hlS 

conclUSIon. 

The 1n~estlgation of Vlrtanen (1933) appears to hav~ been 

most comprehensIve, although carrled out wlth Ilftle repllcatlo~ 
? 0 

or stat~stlcal control. However, the differences were so large 

and conslst~nt and the varlOUS aspects of the problem were 
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50 completely covered, that there appears to be no doubt that 

under hIS condItIQns nItrogen was galned by qrasses from 
, 

assoclated .1egl.lmes. Nevertheless', the quantItIes of N derlVed 

from the legumes, seem to be surpnsIngly hIgh Oumble and "Strong 

1937). The work'conducted by Thornton and NIcol (1934) appears 

to support the N transfer hypothe,sls. The authors found that 

Itallan ryegrass grown ln aSsoc1at1on WItt) lucerne, contalned 

con B Ide rab 1 Y m 0 r e N th a n w a S s up plIe d l n the fer t 1 Il z e rad d e d t o· 

sand cultures. They concluded that thlS amount had bee,n denved 

From lucerne wlth eVldence for transference at 12 weeks after 

plantlng. 

The results of these wOTkers apparently dId not lead to 

further research of-the p~oblem subsequently, untII approxlmately 

20 years later, wheg Butler and Bathurst (1956) reported. a 

slgnlflcant amount of N transferred, and stated that the 

u~d!'lrgrouna transference of N from legumes to assoclaled,grasaes 

ma)' Involve at least two dlfferent mechamBms. y-;.st, dIrect 

excretlon of soluble N compounds by the Intact root system of the 

growInq legume, may be stimulated 'by the assoclated growth of two 
, 

Second, the sloughlng off and decomposItlon of plant specles. 

legume ';odules and dot tissues. AccordlnQ to recent 'evldence 

Farls and Ta (1985), the excretlon of nltrogeh compounds 16 

... ~ 

U1alnly ln thê form of ammonla, glutamate, aSpBrtBte and • 

of J' 
alanJne • 

~ 

Ho-wever, due to the apparent operatIon of ..the exc:retlon mechanIsm 

when"the plants lB ~ubJected to stress throuqh shadlng, 10,", 

\ 
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.' 
tempet:ature or when forage legumes reach a'dvanced malunng.stage, 

Bu tl e r a ,{ dB' th urs t (1 956 ); ,011 zan d Mu 1 de F (1 96 2 ); He n z e Il" 
1!f- . 

(1962); Slmpson'(1965j 1976) conc14de'd that ,a more Important 

pathway of tran,sf'erence ln a legume-gra~s pastur,e lnvolves the 

decomposItlon of 1egume nèdulated toots. 
\, . 

In the legume-grass mIxture th'e quantlty of N transferred 

fr01l1' legume ta grass vaned From 0 ta 25% of the N2 fIxed by th'e 

legume (Seerge 1961; DIlz and Mulder 1962; Henzell 1962; SImpson 

1965j Vallis ~!.!.. 1967; Henzell et !!.!. 1968; Haystead and 

Marnott 1979; Faqs and Ta 1985). N transfer varIes for 

dlfferent legume specles undér dlfferent expeflmental 

condItIons. The dJfferences can be partlally explaJned by the 
• 1 

methods used ta measure N trans fer 1 n the legume-grass mIxture. 

Ollz and Mulder (1962) separated the legume and t,he grass plants 

by a glass plate ln the control pots, where no transfer of N 'W8S 

allowed, and compared grass tot al N ln pots wlthout .the glass 

~ 
plate.and'the grass only control. They found 1 ta 8~ of.flXed N2 

ta be'transferred fr"om legume ta grass. Sèerge (1961) and 

~lmpson (19~;) mea~ured. transfer of N as the Quantlty of. N 
, 

excreted by the legume Into plant nutrlent solutIon, and found' 1 

ta 4% of the fued N2 was transferred ta the grass. F.arls a'nd Ta 

(1985) used labelled 15N ta measure N transfer from alfaHa to 

grass,' and estlmated belween 12 to 18% of' flxed N2.under fleld 

condItIons was transferred ta associsted grasses • . 
Hen,zell (1962 r used th~ dl fference method ta Investlgate N 

, , 
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transfer 'from legumes, Indlgofera splcata forsk., 

LotonlS balneSll Bak., DesmodIum unlcatum (Jacq) D.C., and 

Stylosanthes bojer! Vogel, ln comparlson wlth whIte clover . 
(TrlfollUm repense L.) a~d alfalfa (Medlcago satHa L.) to 

Paspalum commersonll Lam., and only 0.6 tb 1.7% of the total N2 

fu(èd was 'transferred from legume to the grass. Ross et al. 

(1964) used gas lyslmeters to estlmate the quantIty of N 

transferred, and reported that 'only 0.1 to 2.3!\; of fned N2 was 

transferred to assoclated grass. 

Vallu3 !l!.!.. (1961) used the Isotope dl1utltln method to 

8ssess N transfer from legume to grass as the dl fference belween 

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

"\found no SIgnlftcant transfer of N From TownsvIlle lucerne 

<Stylosanthes humllls H.B.K.) to Rhodesgrass (Chlons gayana 
~ 

Ku.nth.) ln a pot eX'Penment. Henzell ,!l.!l. (1968) reported 

llttle trans-fer of N from stretro (Phaseolus atropurpureus D.C.) 

to ,Rhodesgrass, but Haystead and Marrlott (1919) used the ,Isotope 

dilutIon method and found eVldence of N transfer '~f 1.7% of fll(ed 

NZ from whIte clover to ryegrass (Loll'um perenne L.). 

Broadbent !l!!l. (1982) reported extensIve lransfer of fIxed 

NZ to ryegrass. Up to 80~ o,f the N .ln ~y.egrass ln m}xed culture 
"" , 

'was derlved from the fu/atlon pracet~ ln whlte,relaver. However, 

ther found Ilttle transfer of N, ln a relatIvely short term and 
~ , 

suggest thal a tlme of several months lS Involved 10 the graduaI 

minerallzatlon of dead.roots and nodule tissues from the legume 

through mIcrablal actlVJty. Recently, raflS and Ta (1985) 
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demonstrated the Importance of N transfer from alfalfa ta tlmothy 

Jn mJxed stands. This transfef Increased wlth tlmes of cllpPlng 

and contnbuted to about 3, 8 and 25% of total N yleld of tlmothy 
. 

~n the fast, second and thnd cut, resp~ctlVely. The authors 
IL 

, 

aIso stated that the 15N 'dJlut ~on technique proved to be sUltatJle 

to measure N transfert 

2.3 C;)tpetltlon between legu .. es and grasses ~n .ixturea 

di 

2.3.1. ll.iting factors 

Compelltlon beglns when lmmedlat'le supply of a slnqle 

nec~ssary factor falls below the comblned demands .of the plants. 

Then competition èan be defloed as the comblned demands of 
. 

aSBoclated specles for a llmltlng factor (0.onald 1963). The 

deflrl,'1t.'lon do es not apply ta the leguYne-grass mixture because N 

lS not llmlt lng for" the legume WhlCh takes it up From the sOlI .'\... 

-
and the atmosphere, but 18 llmltlng for' the graB8. Hall (1978) 

"deflned c.ompetl.tlon for 8011 N ln the legume-gr:;; mlx,ture by two 

proceS8 es: campel! t 1 ve and noo- campet 1 t 1 ve re lat 1 onshl ps for sOlI 

N; The deflnltlon 18 appropnate ln the legume-grass mllcture 

because non:"competItlve relatlonshlp for sOlI N IS pOSSIble and 
-, 

«:an be eX~lalned by tre fact that the !.egume can flX its N 

requaement From the ~lf. Harper (1977) deflned competItIon as . {/ 

the capture of nutr-lents ln the SDJ! volume shared by other", 
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.-plants Whl~~ are dlfferent ln SIze and rootlng habIts. ThIS 

deflnltlon faCIIltates InterpretatIon of some af'the Interaction 

between the .1egume and the grass from the standpolnt of the 

ynderground component. 

C/~mpet l,t 1 on between legume and -grass wl1en se~ded ln mllet ure 

has been lnvestl~ated e~tenslvely by prevlous researchers. 

Claver, SIratro and alfalfa compete favorably when grown together 

wlth grass (Slewerdt and Holt 1974; Cook-and Dolby 1981). 

McBratney (1981) found tha~ ced claver productloh wes hlgher 
-

the muetu're then ln the pure stand four years aUer seedlng. 

and Farls (1985) reported that mlxlng tlmothy wlth alfalfa . ~ 

\ 

lncreased both quellty and'quanllty of herbage productlO~. 

ln 

Ta 

Althaugh tlmothy had a domlnant competltlve ablilty over elfalfa 

ln Iater- har\lests, the productl\llt.y of th.e alfalfa-tlmothy mlxed/ 

cullure, expressed by land equlvaJent ratIo (lER) was ~lway~ -equ~l to or greater than 1.0, showlng that maXImum dry matter 

yI el d p e r la n d un lt w a S 0 b t BI ne d - f rom the ml x t ure s' .. 

The suceeS5 of a component speCles ln campel Il ion for a 
l 

llmltlng soil ratto!' usually leads to ItS enhanced absorption of 

other sO"ll factors. If tt)e avallablflty of the latter fac~ors 19 

not hlgh, competItIon may then OCCUI for them also. lhlS 

~ ~ltuatlon 18 often found ln m)xed pastures and mIxtures of legume 

1 
and non-Iegume speCles. On.low N so115, the non-Iegume 15 

• 
frequently slJppl'essed or has llttle ad\lantage, but on ,hIgh N' 

sOlls the strong growth responses of the non-Iegume usJally cause , .. 
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1 
../ 

,f f 

II la domlnate the legume by Bha~ing lt. The vIgorously growln~ 

~on-leQume takes up large amounts of nutrlents such as P, K and 

S, the last two s~mètlmes wlth luxury com~umptlon, and the lequme 

may suffer deflcièncy in so11s low ln thase nutrlents (Trenbath 

1974). CompetItion between legume and gr.as~ for' llght, P and K' 

can be r~duced by succeSSlVe cllppings.and approprlste fertlllzer 
~ 

applIcatIons, respectlvely (Trenbath 1974; 1976). 

(arller reports have shown that mlx~res of legumes ànd 

grasses often have greater edvantege then expecte~ on the baslS 

of the component specles, when grown ln pure stands. Although , , 

several e~planatlons have been suggeste~ for t~lS, t~e most 

~bVIOUS reasons are that the l~gume and grass use dffferent N 

sources and have spatIal dIfferences ln th~ use of resources, 

l.e.~ varlou~ rootlngs depths {MartIn and Snaydan 1982) • 

2 .. 3.2 Nitrogen balance and atability in the 1egume-grass 

mixture' 
• 

N balan~e and stahlllty ln the legume-Qrass mlxture 

le'vel~ of sOlI N, \2 fl'xed by the 1 e'gunl'e , persistence 

depend.s 

of the' , . 
twa specIBs and the competItIon between legume and grass (Camlln 

198,.; Slewerdt ~nd Holt 1974; Valla, 1978). Applled N fertllIzer 

affecls mIxture stahll1ty by inhlbltlnq fIXatIon and "favorlng 

grass growth (Stern and Qoneld 1962). Craiq de Anda and 

co-workers (1981) concluded that. mlxed cultures of alfalfa and 

1 
" 

1 > 

• 
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. 
red claver wlth orch~rdgrass and tlmothy have n'o detnmental 

effect on legume specIfie nodule actlvlty (SNA), and may 

stlmulale nodule aetl\llty sfter cl1pplng. Crsl-g de Anda ll.!.!. 
-1 

(1981À Have suggested that dUflng the normal growth and harveat 

~f the slfalfa plants some death of seeondary roots and nodule 

tIssue occur~ wlth a consequent release of N to the sOlI. ThIS 
, . 

may Inhlblt elther addltlonal InltiatlOn of alfal(a nodules or 

the nltrogenase actlvlty of nodules already present. Grasses . 
grown 1"" aSl:>OC labon wlth alfal fa may absorb" the newly released N 

and thus reduce the sOlI N WhlCh may Inhlblt s,1falfa H2 

fixation. Thls mey be responslble for the stlmulatlon of slfalfs 

N2 flxatlon WJth lIme ln the mlxerl cultures and consequently 

~ncrease the st~bIllty of the alfalfa-grass mlxed stand. 

Shade Increased leef area Index (LAI) a~d coneentrat~on of N 

ln green-panIc grsss, but decreased dry welght, LAI and 

nodu la'il on 0 (.Ha: ro (Rhodes a "d' St e rn ; 91 B; Wong .n~ W.Ison 

1980; Eriksen and Whltr~Y 1982). 

2.1.3 Soil nltrogen uptake by legu.e and grass' .• 

The recovery of fertlllZer N by lequmes and lhe t'rfect of . 
" 

re rll"ll zer N on N2 fI xatlon ~~s Interest'ed many researchers 

Ils economlC Importance \Rlchards and Soper 1979; III~cause of 

" Eaglesham ~~. 19R3; Vasllas and Ham 1984). To det.érmlne aollw 

N 'uptake by legume and the grass ln aSsoc18t Ion, the constructu;n, 
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o f a complet é N balance 1 sne cess a r y (W al k e r .!:l.!l. 195 6; V all1 S 

tl.!l. 1967; SImpson 1976; Rergersen 1980). -

F'e1genbaun and Hadss (1980) used malerials labl'llled wlth 15N 
'Of r~ 

ta investlgate N uptake by 'the légume and gra9~ ln mutures. 
,-..,..,. , 

They found that the l~gume and the grass grown alane took up the\. 

same amount of 15N. from the soil: but when grown together, 33% of 

the 15N was recovered by the l~gume and 66% by the grass. The 

recover'y of 15N by the plants (stom % 15N!plant) -decreased , 

e)Cponent1911 y wlth time, and changes ln the proportIons, of the 
• • 

. legumes and grasses ln the ml~tures had no effect ori uptake of 

1 SN by the leg~me and gra~s. They also f~nd thaÏ: the grass fook 

'" up the same amount of N whèn seeded alone or ln mi xture wlth the 

• t 

legume •• However, the legume took up 80% of Hs saIl N~during t,he 

fust four weeks after seeding. The uptake of 8011 N in early 

stage of growth by the legume is explained in terma of al:) 

allevlstlon of the N-stress ln the Initial phase of nodulatlon 

(GI,bson and Nutmao 1960; M~mns 196Bà, b; Dart and Wildon 1970; 
/ ' 

Gibaon 1974; Lawn and Brun 1974; Dean and CIBf,k 1980; Helchel et 

al. 1981; Eaglesham et al. 1983). 
16 - -

. 
2.4 'Hethods for .easuring dinitrogen fixation 

0, 

2." .. 1 Ace-tyleNe: reduction 

011 worth (1966) and Schollhorn and Burd s (1966) discovered 

• ,< 
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that the enzyme n~ hogenase, WhlCh is resporislble for the 

reduct.lon of N2 to NH:h also réduced acetylene (C2"'2) to ethylene 

(C2H4); 50 far, ~t is the only blologlcal agent to do sa (LaRue 

and Patterson 1981). ThIS dlscovery provlded the Inslghl to 
, \ 

.sssay the actlvlty' of nodules by measunng the rate of elhy'lene 

(C2H4 L productIon. It ~s a sImple and IneXpensl. ve ~ethod ~ 
estl.mate NZ fuatiofl '(Hardy' tl.!!l. 1973). An H2 flame lonlzatlon 

. gas chromatograph lS used to meé:tsure the C2H4 produce'd. The .. 
acet yI ene reductlon ass ay has the advant ages of senSl t l VIt Y and 

~peed • A detectlon hmit of pmales C2H4/m1 gas perlnlts , 
~ 

estl.",abon qf nltrogenase enzyme actlvlty evên when only a few 

nodules ar,e formed (LaRue and Petterson 1981). 

A princIpal assu~pti?n ln th~ rnethod involves the ratIo of 
'; 

acet yI ene reduced to N2 fhed. The reduct 1 on of N2 to NH} uses 

six e l~ec t r ons, wIn 1 e th e reduc tIan o~ C 2H 2 to C 2~ 4 use s lwo 

electrons. The ratIo C2H4/N2 wes assumed ta be èquel to three, 

I.e., e ·mole of C2H4 was equlvalent to 1/3 mole of N2 red""ced., 

-However, the theoretlcal ratIo of C2H4/N2'of three to one {3:1}' 

i~ varIable b~.cal1se protons are also redyced by nl~ragenase \0 

hydrogen ga~ WhlCh may or may nat. be melabollzed by hydroQenase 

ln di f ferent spec 1 es of' rhlZ obla, 'and ma)' mISS dete,qt 1 on. 50 ... 
values grêater than the theoretlcal converSIon have been observed 

and reported by Schollhorn and Surrls J196?h Hardy II !!.!,' 

(1973); Sc.hubert and ,Evans (1976). 

Due to ,the non avall,ablllty of ti me,thod for cahbr~tlng C2H4 

\ ' 

• 
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formatIon wlth N2 fixation, Hardy and aSsocIBtes (1973) 

recommended the conVerSIon factor of four to one (4: 1) for forage 

legumes as a !pore ad~quate ratIo. In addItion to the varlallon . ~ 

ln the theoretlc~'l cO{WerSIOn (C2H4/N2), other errors may atlse 
." J. 

due to diurnal varlatl,?n ln N2 flxl,ng actlvlty (Bergersen):1970; 

Carran ll.!l. 1982), plant to pl~nt varlablllty, par,tal harvests ,. 
~ . -o f t he no d u 1 es and the pla n t sus e d are u 5 u a Il y des t r 0 y e d (s 1 n 9 1 e 

measurement). These factors make thiB technIque less precise 

wlth Frequent over-estlm~tlon of ~2 flxed (La~ue and Patterson 

1 98 1; Ha rte ns 5 0 n and L j un 9 9 r en 1 984 ). Re n nie ~!.!.. ( 1 9,78) ha" e 

stated that acetylene re~uctlon technique 15 a short-term klnetlc 

meas,urement -and any extrapolation to total N2 flXed over ,a 

lJ growlng season .lB questlonable. Theréfore an estlmate of 

fixation ov~r an entlre'growlng season requlres a mathemat~cal 

'summ~tlon of many frequently ob~alned Bssays durlng the season. 

2.4.2 Ni trogen di fference" method 

Measurement of N2 flxst.lon,by the N dlfference method_ 

requlres groWlnq a legume and a 'non-Nz-flxlng plant separately 

under the Bame condltlons and analYZlng the total N' ln both 

plants. The dlfference ln total reduced ~ yleld between the 

plants IS' the pontrlbutlCin of N2 flX~tlon by the lequme. Three 

versions of the dl fference method are commonly u5ed (LaRue and 

Patter50n 1981): 

" 

• 

\ 

.. 
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). ComPrrl~on of a legume wlth~a non-legume; the control plants 
1 

can be a gramlnaceous specles (Wagner 1954).' 

2~ 'Comparlson of a legume wlth a non-nodulatlnq lequme; If! tnls 

approach the cont'rol lS a legume genetlcal~ Incapable of' .formlng .. 

root nodules (Wlll18ms and Lynctl /9':J4; R.4schel ~ ~.}97.9) .• 
:3. C.ompar ~son of 1 n~cu 1 ated and un'l nocul at ed legUlflesG...,.(' 

dlft:.erence (llethod .1S a comparlson of sIngle cultIvars gro.wn on 

Inocl!Jlated or unuiocula'ted sol1 (Bezdlcek ~ &. 1978): 
,., 

l t IS assumed that the legume and the reference plant remove 

Identlcal amounts of N from the sOlI. To ensure that thls ,is the 

case,~ plants should ~e grown for the same perlod of t lme under 

slmllar condItIons. ThIS metho~. IS used extens~vely becauBe Il 

lS relab vely inexpensl ve and 51~ple. However, 'sol1 ànd natural 

blologieal varlablllty, wlll@ln allld among specles, can lnduce 

major errors (LaRue and Patterson. 1981) that orten underestlmate . L 

the quanLlty of N2 flxed (Hardy et al. 1973). 
0--

2.4. ) 1 sotopi c •• ethods 

The slable heavy lsotope l':JN became commèrclally avalla~le • 
'In the early 1970's., ThIS development encouraqed the use o'f 

b N- enr 1 ched compounds ln the f ,Le 1 d' •. The. natural abundance of 

Isotopes ln the sOlI N , and atmosphere may be preferred. bl!!tause Il 

IS ,a st ab 1 e condItion and does not change dUrl nq the perlod of 

experiment._ Accordlng ta Rennle !:!..&' (1979) and' Ruschel ~!l. 

, . 

l 

. . 
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(19.79), the' measurement of 15N refatlve to 14N lB a hlg.hly 

senSltlve and precIse technIque. DetectIon of 15N lncorporatlon 
" 

Into plant malerlal lS 100n,Urnes more sensltJVe by thlS melhod 
~ 

i'i 

thah by measufln~ d.lfferences by the Kjeldahl rnethod (Hardy et al. 
D' --

") 

1973), and gl\le9 deflnltlve eVldence of N2 fU(stlon (Ruschel ~ 
• 

al. 197~). Thus, the stable lsotope 15N has excellent 

applIcatIons. 

2.4.J.1 Isotope dilutIon methods 

2.4.J.1.1 Enriched .ethod 

In thlS rnethod, the fIXIng crop a'nd a non-fuong èontrol are 

grawn ln the Boil to WhlCh a small amount of ,15N was added as 

labelled nItrate or ammonl,um. The percentage of total N derlved 

from fll,allon 19 çalculated as: 

% N der~ved /. 

From at.oaphere =[ 1 - 15N excess f1. xin s stem) ]x 100 
N excess non-fixing syste. 

~ 

The control plant 19.used ta mea9ure' the 15N content of the SQ}l 
, 

and can be a' non-legume or a non-nodu lall ng .lsol.l ne of a legume.. 

-, 
The pl~nt obtalOIng parts of ItS N From the atm9sphere Wln have 

l'ess of Ils N as 15N, ~Fe'ssed as t:.he atom % 15N. 

\ 
1· 

f 
~ . 

. . 
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The dIlutIon method lS based on the assumptlon that the 

roots of the legume and the control plan~ should explol{ the same 

sOlI zone Bfd have equa 1 access t~ 15N label and the other 

sourc"es af N (LaRue and Patterson 1981; Rennle .!!!.!l. 1982; 

Boôdey et!l. 1983). ThIS method also assumes In81gnlflc~nt 

d18crlmlnatlOn between 15N and 14N ln N uptake (Frled and 

Mlddelboe 1977). 

The dilutlon technIque IS very useful because a slnqle 

sampllng can shaw slgl.nlflcant t'\eatment effects on N2 fiXatIon ln 

pasture and rangeland ecosystems over a perlod of tlme. T9 show 

the same effect with acetylene reductlon would requlre multIple 

samp 1 es W l th ques tlonab le as sumpti ons made about the r a.ho ~f 

C2H4 produced per unIt af N2 fued (McAullffe et .!.!.. 1958; 
.. ..-,. 

PhllllPS and Bennett 1978). However, Goh ~.!l. (1978') and 

Braadbent et.!!l. 
~ . 

(1982) expressed reser\lat lon's cancernlng the use 

of labelled N techniques for measurl"ng N2 ruatlOn ln thë 

legume-grass mIxture because of the error encountered ln transfer 

of' N from· legume to grass or fram the lequme ta the 6011. -

Plant, mater 1. al labe lled Wl th 15N has been used as a sou rce 

of N ln the solI (Vall1.s 1983). The release of N depends on the 

rate af mlnerallzatlon. 
... ' 

Slnce .the mlnerallzatlon process 15 

" 
progreSSIve durlng an extended per1.od of tlme, kt allows a 

~ 

contInuaI release of 15N to the pl'anls dur1.ng the peX;,lod of the 

exper.lment. However, labelled N Incarporated Into the soli N 

does not result .ln a constant sOU'rce of labelled N because af the 

... 

" 

t 
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co\m.p 1 e Xlt t Y of the sol1 N pool (HenzÈdl et al. 1968). 

2.4.3.1.2 Natural abundance Method 

. The natural abundanee of 15N ~n the aIr 18 3663 ppm 15N 

(Rertn~e!i. !!l.'* 1978). The effect of vanous so~l mlcroblologlcal 

.:eaetlons on the fractlonatlon process of N Isotopes lndu~es an 

Increase ln the 15N abundance of 8011 N t:Js compar,ed wlth the 

atmosphenc N (Hauck and Bremner 1976). 
, 

The dlFference ln 15N , 
abundance of the sepl and atmospherE;) can be used ta measure N2 

fiXatIon by uSlng the dllullon technIque (Rennle .!l'~. 1978; 

LaRue and Pa~terson 1981). 

The a~/~dance method 18 based on the .as8umptlon that there 

are verYÂg~t ,sotope effects dur>ng b,olo,glcel processes and 

the non-r0ng plants that obtaln aIl N From so~l WIll have a 

sl1ghtly enrIched 15N relatlve to the atmosphere •. A plan~ 

o obhunlng N from symbÙ)SIS w~ll have a lQwer lSN composltlon. A' 

be~r ~nderstandlng of plant and 5011 Isotope dlsc~lmInatIon 

factors IS Important for the used of the natural abundance method 

(Bremner 1965). The ratIO of 15N/14N ln 
> 

chffers conslderably From t~e expeeted 

the klnetlc fraetlo,natlon depends on the , 

blologleal t~ssues 

~Ical~ecause 
relatIve,speed of the 

chemlcal reaellons of 29N and ZBN. Shearer !l !!l. (1980) 

r e p 0 rte d 1 4 N a n'd 1 5 N d ~ s C Tl m 1. na tl 0 n b e t W e e n r 00 t san d s h ° 0 t SIn 

S 0 y b e an. R en nIe ~ .!!. (1 976·) and K no W 1 e 8 (1 980) r e p 0 rte d th a t 

\ 
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14N lS sllghtly favored ~n N2 fIlcatlon reactlons, -and If thls ~s 

not Included ln the calculatlons; the level of flx,atlo'n wlllf 

(1 

appear to be hlgher th an Il IS. 

The advantage of th~s method 15 that 1t do es not necéss1tste 

the purchase of lSOtoplC N to' added to sOlI, 1SN 1.S l'n' 

equlllbrlum wIth al.! sources ofN ln the sOlI arftf n,S'tural 

abundance values are wIth1.n analytlcal preCISIOn. However, small 

vanat Ions ln the 15N natural abundance values ln the legume and 

the control plant WIll correspond to a large dlfference ''ln N2 • 

fuatlon. Therefore, the 15N analysls ln thl.S method should b~ 

done very accurately, USlng an expenSIve and t1me consumlng 

t echnl que - msss spect rometry. 

2.4.'.2 

, 
Sorne researchers have employed 1 JN to measure sho'rt-term N2 

" 
flXatlooJifld subseq~ent metabol1sm (Rubens et .!l. 1940). 

:lsotope of N has ttte dlsadvantage of belng unstable and 

Th'l S 

radloact Ive. For thJS resson few studJes have been done wlth 
, 

However, the radlographic technIque can be used to lndlcate 

13N uptake and to Id~ntlfy the compounds Into WhlCh Il has been 
"'l' 

l ncorporated. Due to the shtld half-ll fe of about 10 mJnutes 

(Bergersen 1980) the use of 13N to assess symblotlc N2 fncatlon 

has severe lImItatIons (Rennle é'l. '1!!. 1978). " 

,) 

•• JI> 

'. 
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2.4.4 Urelde .ethod 

The ure 1 des sue h ' 8 S ,a Il an t.o 1 n ~ d a 11 an tOI cac 1 d h a v e b e e n 

recognlzed as major trènsport or storage form of fI xed N2 ln sorne 
t 

specles of graIn leg-ume. ThlS compoun.d move by xyl em transpôrt . 
f rom nad u les t 0 s h 00 t, wh e re the y are met a baIl Z e d CM a t su mot 0 ~ 

al. 1977; Streeter 1979). -. The bl.osynthetlc reactl ons leadlng to .. 
these compounds are not fully charact.erlzed, nevertleless urlC 

\ 
.. 

aCld 15 Important lntermedlate (Woo ~ ~. 1980). 

Recently 1 t has been demonst rated that sorne legume5 of the 

trlbe Phaseoleae e)(p~rt N from nodule to the shoot predomlnantly 

ln ureldes, ,and From non N2 fIxIng root tlSBue chlefly as' amIdes . 
(MeC,lure and. Israel 1979; St--rreter .,1979; Sprent and ~mbrapa 

1980). 50 the elos,e relat~onshlp between ureldes and N2 flXatlOf.1 
q 

ln some legumes suggest1=l that ureldes mlght serve as a useful 

lndlcator of N2 flXaLlon ln the fIeld (Herrldge 1982Bi Petterson 

and LaRue 1983b). 

Slnee some mtrate N taken up by soybeans 1<8 reduced ln the 

root and transporled as ureldes ln the xylem, a more I;Iccurate 

1 n d 1 ca t Ion ~ f N2 fI X a t Ion b a 5 e don ure 1 de 5 a na lys 1 S s hou 1 d 
• ~ 

Include an adJustment for plant N denved From nItrate. Herndge 

(1982a, b) proposed "relatIve abundance of ureldes" as a more 

accurate Index of symblotlc N2 fIxatIon lhen an est Imate based on 

ureldes alone, because the Index accounts for the' contrlbut.lon of 

"" nIt rate From the growth medlum. 

1 

J 

.. 

f. 
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-
The urelde level ln tIssues such as tha't of leaves mlqht be 

used as a qUlck non-destructIve assay for N2 fU(atlon. Thl.E1 

would be e 8-p é c 1 aIl Y us e fou 1 ta plant breeders ëttempting to 

select genot~pes wllh abIllty of N2 fucatlon ( PaUerson and LaRue 

1983a). Otherwlse, the relatIve abundance of ureldes Index 

proposed by Herrldge (1982a, b) would be especlally Important to 

~etect genotypes wlth hlgh capaclty to utll1ze sOlI N. However, , .. 
the accumulatlon of ureldes as N storage pools ln varlOUB tIssues 

has made this technlque~less useful and It seems ta be prematur~ 
'il 

to use thlS as a quantItatIve measure of N2 fixatlon. 

rUl"thermor,e, al fal fa roots do not 8yntheslze ureldes, but producp 

organlc N chlefly as aspara~lne (Ta n!.l. 1985a, b) • 

. '-

1 
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3. MATERIALS AND M[THODS 

. , /~ 
0 

rIVe experl/l\ents were conducled 1:,0 accomplJ,sh the proposed 

obje-cll ves. ExperIments land 1 l were ,under greenhouse r 

condItIons uSlng N-free substrate (verm~cullte and sand) wI~h 15N 

label or wlthout any N fertllIzer. Thelr purpose was to examIne 

stabllIty, competItIon and transfer of N From alfalfa to 

a s soc lat e d gr as s , und e rIo w N con dIt l'O n s • 1 n or der tom e as ure 

N2 fHallon} 5011 N uptake, transfer of N From alfalfa to qrsss 

and the effect of grass specles on the rate of alfalfa N2 

fIxstlon under fIeld condltlons, experlments 11(, IV and V'were 

conducted ln the fle1d. Two Included enrlchment wlth 15N and one 

was run 10 the normal sail N. , 
3.1 Greenhoose studies 

• 

The experl~ents were conducte~ ln a greenhouse at the Ottawa 

Research StatIon, AgrllCulture Canada, Ottawa, Onta,rlo between 

July 1982 and Auqust 1984. Experlment 1 was carrled out between 

July 1982 and January 1983. Alfalfa cv.' Saranac " tlmothy cv. 

• Salvo " bromeqrass cv.' Tempo' a'nd orcha'rdqrass cv.' Kay r 

seedllnqs were grown ln plastlc 'sleeves 5x5x20 cm embedded ,ln 

vermlcuille on a greènh~use bench. Each Ble~ve ~as s~~Wllh two 
1 

seeds ln monocullure or two seeds (onè alfalfa and one Qrass) ln 

mlxed culture. Each experlmental unIt cons'isted of 150 sleeves 
• < 

\ 

! 

" 

• 
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th~t were eeeded wlth the four monocylture and the three mlxed 

culture ln a randQmÎzed cumplete block~d~slqn wlth two 

replI cates. . , 

The photoperlod was 16 hours and conslsted 'of natural llqht 
J 

supplemented wlth fluorescent light at 350 uE. m- 2 • eec- 1 

intenslly at the top of thE! pianls. The temperature' was 

approxlmately 24 ~ 1°C durlng th~ day and 20 + 1°C durlng the 

nlght. The relatIve hum.ldJty was held constant at 80~. The 

experlment was ,hand seeded on 27 July 1982 and irngBted after 

seedl ng and weekly duung the expenment· Wl th N- free Hoagland' a 

solution (Table 1). The al~alfa see~lln~s were Inoculated with a 

preparatlon of RhIzoblum mehloti stralns l-26, l-6, C7-Balzac 

and 102f70 {Nltragin 'Co. Mllwaukee, Wl~cons.ln). However, N 
Q 

fertillzer at 5 mg per sleeve (2n kg/ha) was added to the grass 

monocultures 2 weeke aft.er seedIng ln order lo Hllpt'Ove the 

eslabilshment of the grass· and to malntaln the grass plants 'ln 

mondculture ln normal growth ln relatton to grass ln assriclatlon. . ' 

Wher alfalfa pl~nts reached early bud staqe and flower 

formatIon (7 and 28 Seplember; respecllv;ly); plants'from two 

~leeves in each treatment and ln each repllcate were refuo~ed and 

ac'etylene reductlon .assays (ARA). were made on the delached 

riodulaled al('alfa roots. The dry welght (DW) and total nJtrogen 

conÇ';)atton (lN) ;lelds of the roots. and tops were determined 

for ~rass as weIl 88 alfalfâ planta. The rest of the experlment 

was cut 2 to 3 CM a~ove the Q~nch and was sampled 6 and 10 weeke 

.\-

" 
.. 

\ 
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TABLE 1. Nutrient, co.positIon 'of nitrogen.free Hoagland solutIon 
used to wster the plants in ~reenhouse e~peri.ent8, E~peri.ent 1 
and II. 

{} 

Stock 'Che.lcs1 Concent rat Ion Quantity of ,stock 
aolutlon used per hter : 

1 KH2P04 34.00 9/1 1.0 ml 

2 MgS04· 7 H2 0 1 2~. 00 9/1 1.0 ml' 

3 K2 50 4 65.00 9/1 ' 1.0 ml .: . 
4 C8C12·2 H2 0 147. 00 9/r 4.5 ml 

5 ,r eel} 0.64 9/1 1.0 ml 
NaH2 EOTA 1. 70 9/~ 

6' KCI 0.75 g/l "- 1.0 ml 
H3 BO ) 124.00 mg/! 
HnC12.4 H20 67.00 mg/1 
2n504.7 ""20 46.00 mg/! 
Cu504,.5 H20 10.00 mg/l 
H2 MoS0 4' H2 0 2.00 mg/! 

<Z" • 

The p~snt nutrlent solutl.on ,lS baslcsl1y thet.Df Munns {1968a} 
and Macd-,!wall (1982). "Adjusted to pH 6.5 by sddlng 1 N KOH. 

'. 

• ... 
'1.. 
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-. 
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• . 
'(:~ Oecember and 3 January, respectl~'ely)' after InItIal ha'r,vest 

(13 October, 1982 when alfalfa reachèd 1ater bloom stage), and the 

8ame deter~l~atlons were perjormed agaln. 

\[xperlment II wa~,lnltlated on~ 14 February 1984, to 

InvestJ.gate the benefl t of NZ flxed by al falfa to comparüon 

grasses uSlng the Isotope dlluiion techniqu~, wlth legume-grass . . " ,', . 
~rown ln mlxed st~ndQ. 'T~e growlng me~jum wes a mu,ture of 

vermicull.te (70% v/v) and ster111zed sand (30~ v/v). A1falfa 

cv. ' 520 " timolhy cv.' C1~max " br,omegrass cv.' Tempo', 
, 

orchardgrass cv.' Kay , and tell fescue cv.' Kentucky 31,' 

pre-getmlnated seedllngs were Bown in 15 cm plastIC pots. ~ach 

pot wa~ seeded wlth elght pre-germlnated s~eds in monoculture or 

~ight pte-germlnated"seeds in mlxed culture (50~ legume and 50~ 

,grass) under amblent condIt Ions Bi ml la,( to [xper Iment 1. The 
. 

experiment was lrrigated after seedlng and weekly durlng the 
0.. 

experlment with N~free Hoagland's solutIon (Table 1). One week 

after ~e~dlng, a mlxture ~f Rhlzoblum melllotl stralns l-6, l-26,' 

C1-Balzac' an,d 102f70 (Nllragln Co. MJlwauke,e, WIsconsln) was 

added" to a1,1 pots. At the same tlme, each pot recelved a 'bassl " 
" 

f,ertllJzation of-10 mg of N (20 kg/ha), 10 mg of availalùe 

phosphorlc aCld (~205) (20 kg/ha) and 10 mg of sbluble potash 

(KZO) (20 kg/ha) to aSslst the establIshment of the alfalfa and 

grass seedllngs. When the seed11ngs of elfalfa and qrasses were 

.. 

w·el~ eetabhshed, 2 weeke afler sowing h 5 mg of ammonlum sulp'hsle 

(15NH4)2S~4) enrlched wlth 99~ stom 15N excess dlssolved ln 
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~o ml deHl'nlzed water was applled lnto- the surface of each pot. 

Art'8~ditlona) 2.0 m~ of ammonium sulphate (99~ atom l5N ~~cess) 

dlssolved ln 50 ~l delonlzed wat~r was.added to each pot, after 

harveat '2, ln order to malntaJn 'fJ:le level of ,,; at~m 15N 

sufflclent for detection ln the pl~nt tissue. 

The experlmental unlts (6 pots) w~re harvested when the 

alfalfa plants reaçhed 50~ bloom staQe, every 4 to 5 weeke. 

hérvests were obtalned durlng the èourse of the e~perlment. 

each harvest., one pot)was .&4Îcrlflced and the fol1ow1ng 

rour 

At 

measu rement s were done: ac et y 1 ene reduct 1 on 0 f al fa 1 fa (nmoles o-r 

umoles C2H4.pl.-1 h.- l ), nodule number, nodule fresh welght (~g),' 

pl~nt helght (cm), rools and tops growth OW (g/pl.). Grass 

plants Wo(!re a'lso arialyzed for DW ylelds of rools and tops growth, 

tiller number and total nitrogen concentration .• Total N 

concentrstlon was performed by the Kjeldahl method (~remmer 1965) 
. ~ 

and atom ,. l5N ln f-tle"" plant material was analyzed by an emusion. 

spectroacopy procedure (pres~~n ~!l. 1981) as descrlbeJ below. 

. Th~ e~perJment conslsted or rIVe monocultures and Jour mlxed 

cultures Jn a randomlz~d comple~e block deSIgn wlth three 
. . 

r e plie a tes, 01 n a t 0 t al 0 f 1 62 P o-t s • 
" 

".2. r leld studies -
fjeld experlments were establlshed at Ottawa Rese~rch 

Station, Agriculture Canada, ,Ottawa, Onlarlo on a moder;at~ly 

drained sand 10a~oJl dt/rlng Sprlng. of 1983 (Expenments 111 and 

9' 

{ 

". 
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IV) a~d Sprlng of 1984 (Experlment V). ln the prevloùs yeer th~ 

experimental ares'was eultured w1th barley. followlng harvest 

tne st~ver was ploughed down. The 9011 'had adequate levels o~ Mg 

and P (Table 2) bssed on soil test. However, the InItIal 8011-

reBetlon wa9 pH 5.1 (ln waler) and the K level was medJum. 

PotassIum and lIme were applled 1 month prior to the plantlng at 

a rate of 30 kg/ha and 3,000 kg/ha a& murule of potash ('KCl) and . .. 
dolomltlc lIme (CsHg(C03)2)! respectlvely. Experlment III wes 

InIt18ted on 27 Hay 1983; to examIne nltrogenase enzyme oCtlV,lt.y 

of aJfolfo grown alone and mlxed culture, durJng vegetatIve 

growth and regrowth, and to determlne the pattern of nodule 

'activlty of alfalfa ln àaSoclstion before and after succeSSIve 

harvests. 

Alfalr~ seede cv. 1 520 ' Inoculated wlth ~hlzDblum meillotl· 

eJtuine' 102r70 and L-26 (NiÙagin Co.' MIlwaukee, WI&consln) were 

sown at' the rate of 13 ~Q/ha ln monoculture anel ln mixed cUlture 

at th~ rate of 11 kg/ha wlth tImothy' CV9. 1 Salvo and Cllmax ' at 

6.0 kg)ha and bromegraa9 cv.' Tempo' at 9.0 kg/ha. The some 

g~aBs seedlng rates dn mlxed sland were ulllized ln'pure stands 

(f.leld Crqp ReçommendallOns 1982) undèT dry land cond;tlons. 

Each exp~rlmenl81 unIt conSlsted (1.60 x 6:00 m) or elght rows 

6.0 m long and 0.20 m apart lhat were planted wlth four 

monocultures and three mu'ed cultur.es 10 a randornlzed comp1ete 

block deslqn wJth flve repll:Cales. 

When the seedllng,s of alf.alfa and 'grasses were well 

' . 

:" 
,:- . 

" 
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TABLE 2. Che.ic~l analyais of sand loa. aOll at Ottawa Reaearch 
~5tation, Agriculture Canada, including flve easentiel ele.enta, 

two .icronutrienta and pH, 5pring Df 1983 and 1984 • 

. 
EXPERIME~T5 III and IV EX.PERIMENT V 

Nutrient Concentrat~on Level Concentration Level 

1983 1984 

Nltrogen 0.09 !,0.14 % "Low 0.12 +0.2 ~ MedIum 

P,hosphorus 96.7 +7.27 ppm Hlgh' 66.6 +14.5 ppm Hlgh 

PotasSIum 98.0 +8.25 ppm MedIum 125.9 +28.4 ppm MedIum 
--"" 

MagneSIum 55.0 !,1Q.9 ppm MedIum 119.7 +5.2 ppm HIgh 

CalCIum .:> 2000 
, 

ppm MedIum ppm =--2000 MedIum 

ZInc 30~2 +1.83 ppm Adequate ~.2 +5.49 ppm Acfequat-e 

Manganese 39.0 +2.45 pprn Adequate 45.5 !.2.19 ppm Adequate 

pH (ln water) 5.1 +0.22 ACld 5.6 +0.33 Ac 1 (j, 

5011 Bamples were taken From each of the repllcate plots. The 
st andard error lB gl ven for the mean 0 f the twent y repycate . 
aamples. 

", 

-.. 

\ 
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establ1shed, 36 days after sowIng, the followlng measurements 

were evaluated: nltrogenase enzyme actl\llty, n,odule fresh welght, 

dry welght of roots and tops gr~wth and total N cpncentratlon. 
t ~ 

Thereafter alfalfa and grass plants were sampled, when alfalf8 

reached SO~ bloom ~e (InItIal harvest on 23 July 1983) and 

after harvest: 2,9, H, 23 and 30 deys after Inltlal harvest ln 

the ~eedIng year. In the followlng year, the plants were sampled 

agaln 7, 20, 2B, 39 and 50 days after a InItIal harvest (23 June 

1984). Grass plant s we're also analyzed for t !lIer number and OW 

yleld of roots and tops growth and total ~ concentratIon. 

" '" ExperIments IV, and V were lnltlated on 27 May 1983 and 23 

May 1984, respectlvely. Bath experlments had the same 

characterlstIcs and they were conducted ta evaluate the amount of • 

N transfer From alfalfa ta grass, sOlI N up~ake by alfalfa and 
1 ( 

gras8 and ta measure N2 fued by alfal fa ln mlXe,\ swards under'_ 

fIeld condItIons. ~In arder ta Increase the ac~~r;;;ç of measurlng, ... 

N transfer and N uptake, the Isotope dIlut~on technHJue wes· .. 
utlllzed to enrlch the percent age stom 15N ln the 5011. 

The experlments were conducted on a sa~dy loam SOlI WhlCh 

contalned a low level of avalla~le N. 5011 test results are 

shown ln Table 2. The tre&tm~nts c~nslsted of monocultures of 

alfalfa, tIffiothy and bromegrass and two mIxture cultures of 

alfalfa-grass. An addJt~onal grass speCles, tall fe5cue, was 

lntroduced ln Experlment V. The experlmèntal desIgn was a 

rando~lzed complete black wlth two and four rep}lcates for 

.. 
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[xperlment IV ,Alfalfa seeds cv.' 520.' 

Inoculated wlth a commercIal preparatIon of RhIzobIum meliloti 

stralns 102F"70 and L-26,(NI-lragln Co., MIlwaukee, WIsconSIn) w'ere' 

plahted at the same seed rates of Experlm~nt III. The qrass 
, 

speclct~ tall fescue cv.' ~entucky 31 ' was sown at a rate of 10 . 
Kg/ha ln both'stands. Each experlmental unIt (1.60 x 6.0 m) 

conslsted of elgh~ rows 6.0 m long and 0.20 m apart. In 
, 

addItIon, onè mlcroplot (1.0 ;x' 1.0 m) wss estâbllshed 

approxlmately ln t,he' center of each 'plot. A ~olutlon of 19 

ammonium sulphate (15NH4)2S04) wlth 99~ atom 15N excess dlssolved 

ln 1.0 1 d~lonlzed water was applled to the surface of the sOlI 

ln each mlcroplot (1 m2 ). The amount of N (2.1 kg/ha) added was 

very limlted to malntaln the normal sOlI process, wlthout 

dlsturbance. An addltl.onal . 
15N excess) ln solutIon was 

0.25 9 of ammon'ium sulphete (99% atom.. 
.q 

Il 
added to each ~microplot annuaily in 

the oSprlng, to ke~p' the -level of % atom 15N surficlent to detect 

ln the plant tissues. 

Plots were hatvested when alfara reached 50% bloom stage. 

In Experlment IV two cuts were obtalned durlng ..tt)e seedlng year, 

and subs~quent year, but three cuts were perftirmed ln the thlrd 

yeai. In (xperlment V only one cut wes obtelned durlng the 1984 

sesson and three cuts dunng thê' 1985 growing season. At each 

harve~t, planls'were cut 3 cm above the groond lev~l, drled at 

BoDe for lhree dàys, welghed and then ground for total N 
.~--...~--, 

/' conc~ntFatlon and 15N analyses. 

" 
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3.3 "Hethod of total N concentrat~on analysJs 

~ (, 
Harvested plant matenal,s were drled at BODe for at least 

three days 'to a constant welght and ground ln a mlll wlth a 0.5 
<3 

·mm screen (40 mesh). Total N concentratIon was made wlth a 

Tecator Kjeltec deslgned to perform N measurements based on the 

Kjeldahl method. After grlndIng, 500 mg legume and grass plant 

materlals were placed Into separate 250 ml dIgestIon tubes, 12 ml 

of concentrated sulfurIc aCld (HZS0 4 ) and 2 kje1tabs of a mIxture 

of selenIum (Se) and potaSSIum sulphate (K2S04) were added, ln 
" 

order to lncrea~e the rate of dlges~lon of organlc,matter. The 

tubes were heated for 1 ~our at 425 ~ SoC on a Tecato~ DIgestIon 

System 20. They were removed from the d~gester, cooled. for 6 1 

mInutes approxl~ately and dlluted wlth d~stliled wate~ to 75 ml 

volume. 

Olluted samples were conneêted to a steam dl~tIllatIon unIt, 

Kjeltec Auto 1030, and 40 ml of 40% sodIum hydroxlde solutIon 
--

(NaOH) was added to neutrallze the H2 S0 4 and,to release the 

ammon 1 um (NH 3) • The resultlng NH} ln solutIon was dlstliled lnto 

25 ml of 1% bOrIC aCld (H3B03) and then tltrated wlth 0.1 N 

hydrochlorlc aCld (Hel) and percent age N ca~culated. Dupllcate 

deter~lnatlons were carrled out o~ each group of 20 samples ta 

check the Phé&is~on of the dIgestIons and dIstIllatIon 

procedures. Samples of 500 mg were used lnstead of the usual 100 

-'mg ln- oI\der to mlnlmlze sample error. T',fl t air e duc e d N w a s 
" 

'determlned from plant DW and ~ercentage N calcu}ated • 

.. 

',.. 

( 
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1.4 
rf 

Acètylene reduction technique 

NIL r~genase enzyme act! v l t Y of th,e ,1 nt act al falfa l'oot s 

<,urner an~ GIbson 1980; Knowles 1980) was determlned by the 

8cetylene reductlon assay (ARA) ln both gl'eenhouse and fIeld 

experIments. Planls from eadh treatments and from each 

repllcatlon were removed belwèen 10.00 and 12.00 hours. Under 

greenhouse condItIons, the tops were excIsed and the vermlcuille 

or vermlcullte/sand mftdlUm was separated from the root system by 
, 

gently shakIng. 
~ 

for the fIeld experlments, SOlI cores were dug 
• 

around each plant roott system, approlClm!ltely 20 cm cieep. The 

cores were submerged in the water for several mlnute~ to allow 

separatIon of ,the root system from the SOlI wlth mInImum 10ss of 

nodules and mInImum damage to the roots. 

The coot system was pl'aced ln a' 1.0 1 reaetlon jar. One 

hundred CUblC c~ntfmeters of aIr l~ the jar was replaced by the --, 
same, volume of fre~hly prepared acelylene t<o provlde ~ partial 

~ 

~"~ 

pressure of 0.10 atm. Acetylene w'as generated .!!! SItu by the 

reaetlon of calCium carblde (CaC2) wIth tap water, as descrlbed 

by SUOIS and Pè'terson (1982). Afte.r one hour IncubatIon et room 

temperature (25 .!: ,1°C), four 0.5 ml samples of the gas were 
, . 

wlthdrawn from the jar by syrInges, and the pOInts of the syrlnge 

needles were placèd ïnto large rubber stoppers to prevent 

leakage. The amount of ethylene was measured ~lth a G?S 

Chromat 09r aph 9700- Tm at 72 .!: 1'Je equlpped Hl th. "a fI 8me 

'. 
", 
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lonlZat Ion detector. Compounds were seperated on a poropak N ~'\ 

,column and N2 wa~ ~he carrler ga9. Saml;lle peak ~el9ht was 
1 v 

compared tp e 0.1% ethylene, standard, sl,milar to that descrlbed 

by Turner and Cl baon (1980). T h~ et h yI en,e st snda rds we re 

perfarmed Wl th sampI es WhlCh contalned known amounts of 

ace~ y lene. .. 
Total nltrogènase actlVlty (TNA) IS expressed on the bas18 

o f n mol es a r u mol es 0 f eth Y 1 en e ( C 2H 4) pro duc e d p e r pla n t p e r 

hour (nmoles or umoles CZH4'Pl.-l h._ l ). 
" 

The actlvlty when 

measured pe.r, g nodule fresh welght l~ des1gnat.ed speCl fIC nodule 

actlvIty -<-S'NA) and lB elCpressed as nmole, or umoles of (C2H4) 
~-

produced per 9 nodule freSh welght per hour (nmoles or umolee 

,.s 1~N analys18 

15N waB s'naI yzed br opt lcal emies 1 on epect roscopy f follaWI nq 

conVerSIon of the semple N ta N2 g8S accordlng to the' Dumas 

method. .The prînclpIe of thlB technIque was, based on the fset 

t h a t the ban d SIn the ban d a pee t r a 0 f N Z h a v e ch f f e, r e nt 
1 

wavelength~ ~r dlfferent IsotopIe compositIon of the N2. 

molecule. The spectrometer IS deslgned to reglster the 
\ 0' . 

Intensltles of the eiectronic emlsBlon, when the 14N14N molecule 

h a s a wa \1 e l en 9 l h 0 f 2 9 7 • 7 n m, 1 4 N 1 5 N 2 9 8 • J n m , and 1 S N 1 5 N 2-9 8 • 9 
ri") Co 

nm (Preston let .!l. 1981'), The \larlat~on of llQht Intenslty wlth 

, . 
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dl fferent wavelenQth was flnalJy recorded on a strlp chart 

recor~e'r and the peak he,1gh,t was used as a dIrect measure of t/'le 

lntenslty. The percent age atom 1SN was then.calculated: 

ato. " '5N = 100 [ '1 ] 
ZR + 1 

where R = the ratIo of pe.ak helght for the 28N molecule and 29N 

molecule .( 

Drl.ed plant materaI eontalnlng WpproX1mately ,7 ug N wa~J 

lntroduced ta a pyrex tube .(6 mm O. O. and lO cm long), sealed at 

one end. Artel'· addlng a smaU amount of c-elclum OlClde (CaO) and 

a f e w . pIe ces 0 f cu p r 1 COli 1 de ( Cu 0 ), pre he a te d at- '9'S 0 0 C 8 n d ~ S 0 De, 

respect! vely, the "'hIbé W88 connected to a vacuum system and 
, 

evacuatfd ta 10- 3 Torr, heat ed by flam~ to about SOO:C to ·remove 

humldlty and then treated Wl th a spark from a Tesla cOll tn 

remove ab80rbed t l'aces of ga8eou8 Impur 1 t le8. When the vacuum 

system reached 10-4 Jon, the tlibe was seaIed off. The'tube was 

th en heated in B furnace at- ~5{)~C to convertO orga~llc N, of sample 

to N2 gas by the presence of CuO. Any t races of. H20 or COZ that' 
, 

arase from plant mat~r181 were ,absorbed by "CaO and the tube was 
,.: c 

coo 1 ed t 0 roolll temllerature. 

N~ gas Lf'!"-r\!e tube was exclled by a Tesla coll, when tube 

was set on the electrode D.f tllgh voIlage, and a purpllstl' 'l.lght 
'l' 

wes- emltted From the exclled ~2 molecule. _,The peak h~19hl of l, 

wes 

.. 
1., 

r e cor Ji e d ,a n d c 8 1 cul a t e d as des crI b e d ab 0 v e' .' 

.c , 
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AlI 1SN concentratIons were referred to 8 standard of 

natu ra 1 abundance, and Isotope terml,no logy was accordl ng to LaRue 

and Patterson' (1981) and Rennle and K~mp (1984). Atom p~rcent 

15N exceas (atom ~ 15N exc.) ln plant.''!lsterlal Wa8 derived From: 
" 

at.osphere [ 2 ] 

• 
where, the ratIo ,14N:15N ln th-e atmosphere 18 273 + 3, yleldlng 

0.3663 + 0.0004 atom ~ 15N. 

, 
). S. 1 1~N dilut.:ron technIque to eati.ate the 

~ 4 
a.ount of H2 

d 
.. 

fixed and N transferred fro. a~fal fa )to aàaociated gr888 

\ 

The isotope chlutlon teC?hnlque was csrrled out .ss follow's: 

the sail was amended wl,th 15N lebelled f~rtilizer in a 10w 

c~ncentrBtlon '90 that symblotic' NZ fIXatIon was nDt inhibltQd, 

Thè percent' pl~nt N derlVed (rom atmosphere' ('DNdfa) was eetlmated 

based on tt1e followlng èssump-tlon8: 
• .. 

1. The fl)l'l~g plant and the nOn-f1)(lng control take U'p N from 

' .. the 8011 &~ the same' 1 SN-Isbe 1; ln ot't,er words, arral fa and 

gralls roofs absorb the same proport-lon bf sOlI N 

.(mineralJzed) and applled labelled 15N' during the 'growlng 
<! '" 

perlot1; 

... 

", 

• 

'" 

l ' 

\ 

\ 
~ 

(' 
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<:, 

2. Any Input From outslde the SOlI system, auch a8 N ln 

r81nfall, dust or From free llvlng organlsms contrlbuted ta 

bath plari~ species·e~ually. 

The total nitrogen of alfalfa was calculated on the bas18 that 

~ there are two sources of N av,BllabIe; 8011 N and N frorm 

~tmospl)~re ln form of N2 98S.· "lherefore" N2 flxed by t~e plant 

o'rl-glnated From u'nlabelled atmospherH! N2 that dlluted. the 

labelled 15N. 

.: 

Total N (alfalfa) = N-fjxad fro,! at.oaphere 
+ 

( N uptake 'ro. soil l' l ] 

Total N (alfalfa) :: r(a) + [ 1 _ 'r(a)] / [ 4 ] 

.. _/ 
.~ 

where, r(a) iJL. the fractIon of N in al falfa 
J 

~ rl~ation proce~s. Using the to 

distln'9u~.~ .. ~~lhe sail N upteke an"d N2 f ued, the [ Il J 

19 expre8sed as: ... . 
, "-

-~. 

(,tOIft' :e 15N' exc. ,al falfa) ::; [ at o. i 15114 exe. 
+ 

([ 1 - F(a)] x ato. S 1SN exc. soil) [ $ ] 

Slnce Qormally stom ~ ·15N· exc. ln the atmoaphere la zeto,. 'and the 

~atom ~ 15N exc. ln the 8'011 18 a180 taken up by th'e contr.ol 

" 
" 

l~ 
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(non- fUlnq system), then stom ~ 1SN e)(.c. ln the sOlI = 'btom ~ 

HN 
. 

control. exc. ln the 
• 

1 1 ! 

( 1 F(.) '1.= atoa S UN aIraI fa' [ 6 ] - exc. 
atoa S 15N e'1rc. control 

r (." = t ato. S 15N exc. alfa1fa ) [ 1 ] 
ato. 1 "N 8)(C. control 

.' 

S Ndfa =[ 1 ato. S 15N exc. alfalfa x 100 ] [ 8 ] 
ato. i 1SN exc. control 

The N2 fl)(ed waB c~lcu18ted, 

S Ndfa ~ Total reduced N alfalfa [ 9 ] 
100 

" 

The ~mount of k.'tran~f~rred, From a1fa'lfa to gral3s (Nt), when 

both we~e grown in associatIon, was estimated from the·dlfference 

'of isotopie compQsltion of gr~ss plant tIssues in mi)(ed culture, 

with that 10 pure stand as reference valu~. ~ince grass plants 

do not ..rH N2, It W8S 8ssumed that Bny N 9uppli,èd to grass .. 
, . 

specles ln ml)(ed,.cu1ture .oflginated fro.m the 90i1 N uptak.e and 
/ 1 

f"l-om the 8s8,Oclated legumes •. Due to the very slmllar condltlons 

of grBss planls gl'uwn -in both mono and mi';Ced cu.re, the 

cpntrlbutlon of N fl)(ed by free lIVIng organism or perhaps by 

~rg8nls,\ sssot18t'ed wlth grsss roots are "neg1lg1b1e 'In this\;.., 

e 8 t 1 mat 1 on • 

, . 

. " 

fi • 

" 

. 
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• 

Total N (gras8 in .ixed stand) = N ùptake'froll S'oil, 
+ 

N transrsrred ffOIl slfalfa [ 10 ] 

I~:;: 

Total N (grass in .i"ed at,and) = " r(t) + [ 1 r'et)] [ 11 . ) 
.. 

where, r(t) lS the tractIon of N in gra8s plants originatlftg 'rom 

alfalfa, when bath grown ln asspciation. USlng the 15N dilution 

, technIque to'dlstlngulsh the sOlI N upt~ke and t~ N transfer 

{ 

" 

From al fa.! fa, the equat Ion ( 11 ] W8S expressed 8S: 

(ato,1I S 1SN ex,c. grasa in .i"sd st,nd) = , ' 
(ato. " 15N exc. alfalfe in lIi.ture)' x 

+ 
(ota. " 1SN exc. ebi1 )f ( 1 - r(t)] 

51nce stom ~ 15N exc. ln the SOlI is uptake by the 

ir:' purs etand >.'. then atom ~ 15N ex c '. sail = étom.~ 

control. 

(atoll S 1SN exc. gra~B in Mixed Btand) = 
atoll" 1'SN sxc. alfalfa .ixtura x r(t)· 

+ 
[1 - F(t) ] x (atoll" 1SN e)(c~ control) 

ret) 

[ 12 ] 

{ 

control (grsss 

15N exc. 

(' 1 J J 

(ato~'S 1SN axc. grae8 in .ixad stand) -
[ota. S 15N axe. alfslfa lIixlure)( F(~») 

+ 
, at ail ~ 1 SN sxc. coot rol) 

[F(t) (ato.~S 1SN exc. contro~1] 
, 1 

[ 14 ] 

(ato. S 1SN 
, 

1SN e"c. grés8 in .hed etand - atoll S sxc .. control) 
= 

r(t) (ato. S 1SN s"c. al falfa IIi x,ture atoll " 15N sxc. control) 
, ,. [ 1S ] 

-
" 

. . 
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(atoa S 1SN axc. graaB in aixed,stand) .. 
r( t) = (ato. S 1SN Q~C. control) 

(atoa ~ 1SN ewc. control). 
.' 

('atoa S 1SN axc; graalt in .ixed '-stand) 

S r(t)=. '(at·~. S 15N;"exca control) 
(atoa,S 15N axe. alfalfa .ixture) 

(ato. S 1SN sxc. control) 

The N transferred (N't) W8B ca-Iculated 

[ 16 J 

Je 100' 

,[ 17 1 

Nt = S f(t) 
-~1.z0-:-0-";"--

x Total reduced N'grasa in .ixed stand 
~ [ 18 ] 

, 
~ 

The remslnlng amount of N waB estlmated a8 SOlI N uptake by grasa 

ln mix,ture culture. 

Nltrogen bene fIt {~b) waB -defined as the dlfferéncp b~~ween . 

total N yleld of 9rass ln mlxed culture snd pure étand on 8 plant. 

basls. 

3.6, N difference aethôd 

[stlmates of N2 fu.bon by the N dl fference m&thocf weTé 
• 

bssed on t~ followJng equstldn; 

N2 flXBd = (Total N alfalfa) 

(Total M control) 

.. 
" fJJ 

[ 19 ] 

/ 
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The same nonlegume tr&atments (grass ln mono~ture) were used 88 

reference plants to estlmate N2 flxed by alfalfa ln pure stand. 

For mlxture~ of alfa1f8 and a compènlon grass, the Ni flxed waB 
" " 

estlmated by flrst' adding the total N ln the:grass ln ~Ixed stand 

tô that of alfalfa ln mixture culture, then subtractlng' the total 

N contalned ln the grass pure stand. However, under greenhouse 

conditions the tata!' N yleld per sleeve or pot (alfalfa plants ln 

monocu~ture and al falfa plus graa~ plants ln mixture) waB used to 

be an 8st:nmate of N2 fu,ed, due to the fact they grew ln N ~ree 

m8dl~m (v4frm;cuh t e' and Verltllc,u11 t e":sand) and re~el ved onl y basal 
/ 

fert lllzat Ion ln arder ta lmprovb the establ1sh"ment of the 

specl8s. 

3.7 Concepts uaed in the inveatigùtion of legu.e-graas aixtures 

'0 

ln thlS section most of the pertl~ent concepta used to 
"

investlgate competition ln a legume-grass aSSOCiation are 

d18cussed. 

3.7.1 Relative crowding coefficient 

De Wl t and Van den Berg~ ()96~) defl ned the relat l ve 

crowdlng coeffiCient (RCC) as a measure of the aggresslVeness of 
~ <' 

o,:!e specles toward the other., RCC 1 S a rstlo of ~elatlve ylelds 

'" In thls case, RCC of mlxed cultures to pure stand per plant. 
/' 

• 

,.' 

, . . 
, . 
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"represents the rstlo of aHal fa, pfsnt yleld to grass in mIxture 

versus 81falf8 pure stand. 

Rec = YiJ~Y~l Vii Y j 
[ 

Where, Vii = mesn yield per plant of. al fal fa ,in pure stand; 
YiJ = mesn yleld per plant of al fal fa in ml x,ture; 
V jJ ' = mean yield per plant of grsss ln pure àtand; 
VJi = mean yleld per p1wrnt of grass ln mixture. 

The Ret has a prsctlcal.mesnlng ta predlct the yleld of the 

mixture from ~e yleld of the pure stands. 

'.7.2 Co.petitive ratio 

CompetHlve ratlo (CR) ia defi'ned> ss the fSUo of the 

20 

relative aree of monoculture thst would be requlred ta produce 

the yleld obtalned by mixtures for each component of the mlxed 

'cul ture, arier correct ing the proport 1 one Jon which 'the spechs 
• 

were Bown initlally. The CR value greater than unit y 

. demonatrates that one specie,s 18 more competitive for 8 factor , 

] 

than the other specles ln the m1)(ed culture (feria!.!.!.!. 1983). 

This ratIo 18 particularly useful when comparlng the competItive 

Sblllty (degt'e~ ,of competItIon) of different sp.ecles and ln 
, .. 

IdentIfylng WhlCh plant chsracters are a8s0clste( wlth poor or 
tt 

1 good competItIve ablilty for one llmltlnQ factor (WIlley s,nd Rao 

1980) • 

The competitIve ratio la èxprea8~d sa' 

. . 

., 

'. . 
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CR = YiJ/Yii x Zab 

[ 21 ) 

whera, Zab} 18 the' proportIon of alfalfa ln the mature cu'Hure 
lbil.18 the proportIon of gra8s 'ln the mixtùre culture. 

fi' 

l.i.3 Relative yield and relatIve yiald tolal 

RelatIve yleId (RY) relates the yleld of each specles ta It9 

p.u r e 9 t 8 n d • R Y 1 9 U B e d t 0 ·d ete r mIn e t Ile .s t 8 bIll t Y a f the, m 1 x t ure 

and the competltlve'relallonshlps of two speClea (De Wlt ~ !le 
l'j 

1966). The RY of each 8peClea ln associatIon 18 calculated as; 

RY = yield of a species in .uture' 
[, 22 ] 'yieId of a species in pure atand .-. 

\ 

R-el~tlvel total Y18I~ (RTY) la the t'otal, of ~the relatIVe 

ylelds of the two speCl-e.s ln aS80cultlon. ThIS parameter lS used 

ta evaIu'ate the performance of the mlxture through tlme (De Wlt 

and Van den Bergh 1965). 

RTY = Relali e yield alr.lfa + Relalive yield gras8 t 23 ] 

3.8 Statlst cal anol)'8i8 

" . 
Data collected ln the experlmants descrlbed above were 

IJ 
< anatysed through the computlng facllltles of forage Crop SectIon, 

: 

.' 

• Ji-
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Ottawa Reseafch StatIon, AgrIculture Canada utl1~zlng the 

"·StatlStlcal Analysls Sy"s[em (SAS). 

Analyses of varIance were'pe'rformed appropriate. to the . 
desIgn of experlments. For each analysle, w~en a·.iHgnlflc~nt 

treatment effect was found (p",D.05), a least slgnlflcant , ' 

dlfference (lSD) and' Dun5~rl's multIple range tes't were càlc~lated 
ta derermlns WhlCh treatments means were slgnlflcantly 

drfferent. The orthogonal comparlsons were made wlthln each' 

analY~IS accordlng to Steel artd Torrle (1980). 
~ u~ 

Data on nltrogenase enzyme actlvlty and growth. varIables ln 
~ 

Experlment III appeared to be non normally dlstrlbuted, 1. e. the 

varIances were not homogeneous (AppendIces 1, 2, 3, and 4), 
, 

accordlng to the Bart lett test (DanIel 1976; Steel and TorrIe 

1980). 11) order ta normallze the data, natural logarlthm 

transformations w~re applled before analyses. In some case 

trans~orma~lon produced data sets contalnlng both poaltlve and 

negativ~ valuea, lnflatl~g the coefflè~ents of varIatIon for 

th!"ee set 8. In' theae cases, the dat, set s were mu 1 t Ipl1 ed by 

1000 and reanalysed to avold havlng negatlve values ln the 

transformed data. for dlsplay ln fIgures thé means of the 

.tr.ansformed data were retransformed. As the dat~ actually 

analYEled .were natural logarlt,hm 'data, th~ dl fferences 'ar"e 

proportlonal and ont absolut~. 

-\ 

• 

.' , 

" 

< 1 

• 
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~ 4'. RESUl TS AND DISCUSSION 

•• 1 Greef\ho'use atùd188 

•• '1.1 Efhct of: gra8"8 species on nItrngenase enzy.e activity, . 

(xpe.1'llUeot 1 (1982) was the fast and slmplest of thlS 

serleè of ,e)(perlmen~s to e)(amine the effects of grasses on 

Blfalfa nltrogenase actlvlty and the beneflt of legumes ln 

mIxture. In thls experlment the isotope dIlutIon technIque was - ~ 

not Included as a methad ta aasess N2 f!)Catlon, so that only the 
. 

acet y 1 enè reductI on assay s were per forml3d and used as' ar'l .est lmate 

of N2 fHatlon ~nd nitrogenase ,enzyme actl'vlty. 

Total 'nltrogenase enzyme aètlvlty (TNA~ ln thlS 

InvestIgatIon (T'ables 3 and 4)' were leas than or slmlhn to thase 
1 . 

prell.lously reported for varloua forage legumes (Vance et al. 
, --

~1-9; Aparlclo:-Tejo II al. 1980). TNA of alfalfa seecU-lngs ln 
... 

mono and mnced cultures dld not dlffer slgnIfl·cantly before 

harve·st at early ~d stage. and InitIal flower formatIon (Tal?le 
. \ 

3). However, ln sorne cases the TNA of al fal fa grown ln . 
monoc~.1ture 

JI 'J 
was slgOl"flcantly h'lghJr when compar~d ta alfalf~ ln 

aSsocIatIon Wlth' grasses (Table '4). In aIl the detèrmln'atlons', 

at 50% bloom stage, alfa1fè ln aSSOCIatIon had a hlgher TNA 
. -

\lalue. A marked exceptIon wa~ the trend towards lower actl\1lty 
. or alfalfa ln assoclatlon wlth orqhardgrass ln th,e Iater 

, , 

,.' 
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Table 3. Total nitrogenase activit, (TNA) of alfalfa for the various aono 
and .ixed cultures at four deterainations ~rter plahting 3uly 27, under 
greenhouse conditions (Experiaent I~_ , , 

T'REATMENT 
OR 

COMPARISON 

Alf81fa 
Alf,alfa wlth tlmothy 
,Alfalfs wlth bromegrass 
Al falfa' w1th archardgrass 

Mean++ 
+SE 

Alfalfa 
vs. 

Alfalfa wlth grasses 
", 

.J 

Total Nitrogenase Activity 
Cuaoles C2H4- hour- 1 plant-1 ) 

Oeterainations+ 
1 2 J ... 4· 

0.85a 1.388 1.77ab 1.51a 
1.07a 1.998 1.84a 1.298 
1.088 1.20s' 1.28c 1.12a. 

4.99a'''- 1 • 688 1.51bc 0.818 

1.00b 1.56a 1.60a 1.18b. 
0.16 0.21 0.08 0.52 

-. 
NS ~s NS ,NS " 

• 
Means ln a column followed by the same let ter are nof,slgnlficantly dlfferent 
at th.e, 5~ level of probabil)lty·; according ta Dun~8n's MultIple Range Test. 

, ... 
+Determlnatlon Il perfarmed 7 September 1982 at early bud stage; determlnatlon 
12 performed 28 September 1982 at initIal flower for~stion; determlnatlon 13 

~ perfa"rmed 3 O.ecember 1982, six weeks after In~i81 harvest on 13 October; 
determlnat~on #4 ~erformed 3 January 1983. ~ ~ 

NS, No sig~lflcant dlfference. 

++Means co·mpared horlzontally 
C' 

~ 

~ " ./ 

.... 

~ 

.a:. 

'" 
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wu Table 4. Total nitrogenaa8 activity (THA) of alfalfa for the varioua .ono 
and mixed cultures .hen clipped periôdically .fter planting rebruary ,~ 
(Experiment II) •. 

"'- ," 

1 

t! 

TREATMENT 
OR 

COMPARISON 

Alfalfa 
Alfalfa w~th T~mothy 
Alfalfa wlth Bromegrass 
Alfalfa wlth Orchardgrass 
Alfalfa w~th Tall res~ue 

Mean++ 
+ SE 

Al fal ~ 
,vs. 

Alfalfa w~th grsss 

Total Nitrogenase Activit, 
(u.oles C2H4 plant-1 hour- ) 

Harvest+ 
1 2 J 4- # 

J 
O.9Sb -1.17& O.94b 1. 2é& 
1.47ab 1.81a 1.74a 1.36a 
, .30,ab 1.38a 1.67a 1.85a 
2.41a 1.868 0.94b 0.97a 
1 AJab 1.85a 1.4~ab 1.29a 

1. ~1 a 1.62a 1.3198 1.338 
0.61 0.54 0.53 D.S3 

• 
* NS NS NS 

:-

Mear'ls ln a column fonowed by the same letter are not-s-lgniflcantly diTf'erenl 
at the ~~ level of probability, according to Ouncan's MultIple Range Test. 

,+Harvest 1 per'formed 2~ May 1984; harvest 2 perf~med 15 June 1984; 

,. 

;harvest 3 performed 17 July 1984 and hafveat 4 p~formed 24 August 1984. AlI 
, harvests were performed at 50~ bloom stage, 4 ta 5 weeks after InitIal 

! harvest on 23 May 1984. ' 

*, Slgnificant dlfferent at the 0.05 level of probablilty, 
NS, No slgn~f~c8nt dlfference. 

++Means·compared horlzontally 

'. 
• 

G' 

Con 
0 

-' 

w. 
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assessments ln both experIments •• 

The ToNA of alfalfa grown ln mono and mlxed cultures' 
. 

lncreased slgnlflcantly between early bud étaQe and lnltlai 
-

flower for,matIon -(Table 3, determlnatJOn Il Bnd 12) that wlls 

performed before InItIal harvest; but the TNA decllned 

conslderebly between lnltlal flower formatIon (Table 3, 

determlnetlon '3) and the Iater bloom stage of alfalfa after 

~ InitIal harvest (Table 3, determlnatlon '4). The dep~resslon of 

TNA Is\P~obably a result of a competltI~e Blnk for photosynthate 

exhlblted at bloom stage, end IndlcBtes the lmpor..,tance of 

phot osynthat e supp 1 y to the Nli f lXat Ion process (Bethlen faIvay 

and "Phlll.1-PB 1977; Herrldge and Pate 1977). ~8nce et al (1979) 

and Cralle and Helchel (1981) found that speclflc hodule 8Ctlvlty 

(SNA) of alfalf,8 Inèreased up to 40-60 days after plantlng (1. e. 
~ 

unt Il eaH y flower stàge). However, SNA dec h ned 88~ Wl thln 24 h' 
.. , 

after cutting and rema~ned ~ery l,ow dUDlng 
1 

the next 15 days BS _ , . 
compared to control plants (unhlirvested). After, the 18th day, . 

. 
the rate of SNA recovery was fast, and ln the iOth day of 

regRwth the nodule nulnber and nllrogenase actlvl ty of the 

'alfa 1 fa plants were slmi lar ta the control. The decllne in 

nodule actlvlty after shoot 

other legume species (WIlson 

et al. 1969; Wplleman 1970). --.-

~ 

removal 15 slmilar to reports, w~th 
. t~, 

1942;-.Butler et!l. 1959; Moustafa 

Moreover alfalfa malntalns nodule 

structure and funotlon WhlCh suggests that the capacl ty of N2 

flxQtlo.n lB, only temporerlly ImpaIred for a faw deys (Cralle and 
, '"' ' 

1\ 
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and Helchel study, the tlme of regroWlt:h 

was sufflclent to allow complete recovery of TNA. Ho~ever, after 

1 0 w e e k s 0 f reg r 0 w t h (T ab 1 e 3, de t è r min a tt 0 n '4), t t'I e :r N'A 
i 

slgnlflcantly decllned about 2S~ below that of 6 we~ks of 

reqrowth (Table), determlnatlon '3)~ ThiS reductlon ~upports 

t.he prevlous explanatlor) of the competItive" sl'nk for 

phatosynthate between seed formation ~nd nodules N2 flxatlon 

durlng lster stages of alfolf8. 

Differences ln T~ of slfalfa alone versus ln aSSOCIation 

were slgnlflcant only at harvest 1 ln. Expel'l~nt II (Tables 3 

and 4). These observatIons agree wlth the results publlshed by 

Craig' de Anda ~.!l. (1981) who also round that grasses have no 
~ 

{> 

detrlmental e-ffects on legume SNA. \ It has been reported by 

~ Whlt~head (1970) that durlng normal growth and harvest of alfalfa 

plants some death of secondary roots and nodule tissue accurs 
• 
wlth a consequ-ent relesse of N to the SOlI. TplS may InhlbIt' 

elther addltlonal InItiatIon or' new nodules or the nlt,rog.ensse 

actlvlty of nodules alreacy present. Grasses grown ln 

aSSOCIatIon Wlth legume may ebso'rb 'the newly released.N and thus 

q~duce the 5011 N medlated lnfnbltlon of legume N2 fustu'D. 

" ThiS m9Y explaln the lncreese ln olfalf~ TNA wlth tlme ln the 

ml)(ed cultures. " . 
The specIfle no~ule act~vlty (SNA) wes determlned by 

meaSUtlng the a~ount of C2H4 produced per mg of fresh nodule 

(Table 5). :The nodule effectl~eness was ~lmosl equal for 91falfo 

. , 
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Table 5. Specific nodule Activity (SNA) of alfalfa for the various .ono 
and .ixed culturea when clipped periadically after planting february 14 
(Experi.ent Il). 

TREATMENT 
Oft 

COMPARISON 

Alfalfa 
Alfalfa wlth timothy 
Alfalfa wlth bromeg~ess 

IAlfalfa wlth orchardgress 
, Alfalfa wlth tall fescue 

". Mean++ 
ISE 

Alfelra 
vs. 

Alfalfe wlth grasses 

Specific Nodüle--Actlvity -- -+ 
(n.oles C2H4 .g. nodule- 1 hour-1 ) 

Harveat+ 
1 2 ) 4 

1'.7 ab 9.5b 12.9a 13.1a 
15.28 14.5eb 12.3eb 14.2e 
10.4b. 13.1 b 16.9a 13.8a 
20.7e 22.8a. 8 .. 9b 8.8b 
13.98 14.8ab D.4a 11.8ab 

'> 
'14.8a 14.7a ·12.8a 12.2a 
6.9 4.1 4.8 4.1 

NS NS ' NS NS 

Means ln a coLumn followed by the same l~tter are not slgnlflcantly dlfferent 
at the ;~ level of prababllity, accordlng ta Duncan's MultIple Range Test. 

+Harvesi 1 performed 2J May 1984; harvest 2 performed 15 June 1984; 
'harvest 3 performed 17 July 1984 and harvèst 4 performed 24 Auguat 1984. AlI 
harvests wer:iperformed at 50= bloom stage, 4 tn 5 weeks after InItIal harvest 

~ on 23 May 19~. 

NS, No slgnlflcant dlfference. 
"-

++M,eans comp-a"red h.orlzontelly 

... 

<III 
c..> 

! ,-

"-

• 

'" 
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ln ~'Ù're stand and for alfalf8 ln assocIatIon wlth grasse The 

hlghest SNA waB obtalned on alfalfa plants grown wlth 

orchardgrsss (har~est8 1 an~ 2), but the actlvlty decllned 
(' 

conslderably ln later mea9ur~ment8 (havests 3 a~d 4). The data 

suggest .that alfalfa grown wltnout competItion of gras8 ln the 

8arly stage of growth and regrowth~plants reached the 50~ bloom 

stage wlth 811 

ta support 

en~ugh supply of photoBynthate 

The reaCctlon ln SNA of 

alfalfa/orchardgraBss mixture. 8eemB ta be relaled to the growth 

habIts (early maturing spe~lesl and competltl~e ablilty of 
, ' 

, archs r,dgrass. 

4.1.2 H2 f1xatidn, herbage and N yiel~ of alfalfa 
• 

• 

Atom ~ 15N eXce8S data of the alfalfa and grasses were 

collected From four harveat tlmes (T8~le8 6 8n~·7). Atom S 15N 
\ 

excesB ln the :a1 falfa 'W8S t'Wgm flcantl)"'. lower than the atom ~ 15N 

excess of the grasses, and nearly equal ta the level of natural 

abundance Indlcatlng vlgorous'~i fIxatIon by ~lfalfh. Ta 

quantlfy the amount of N,2 flxed by elfalfa, the Isotope d.llutlon 

method was uaed ln the Experlment II. Data showed that dUflng 

the entlre e~perlment most If not ail ~lfalfa N requlrements came , ' 

from the NZ fl'xatlon, process (T~le B). The proportlOn of N 

~rlVed From the 8tmosphere (%~dfà) weB frequently observed la be 

hlgher (han 95%~ and remalned r.latlvely. constant wlth Sllght 
\ 

1» 

) . 



~ 

.-

." 

<::' 

.... 

J--' 
~ 

<J 

\ 

f 

,4 

Tabie 6. Atoa S 15N e~ce88 in 8h~t8 of alfalfa plants for the v.riou8 aono 
and aixed cultures when clipped periodically after planting February 1. 

(Experi.ent II). 

Harvest+ 
TREATMENT 1 Z ) " (ato. S 15N excess) 

~- ~- ---------- ---_ .. _-----# ------- ~- ---

Alfalfa 0.17a 0" •. 1 'ab 0.19a 0.1 Ba , 
Alfalfa with t~mothy 0.07b 0.09ab 0.13a - 0.09b 
Alfalf. wlth bromegra88 0.07ab !l.15a 0.09b 0.13ab 

-Alfalfa with orchardgraas 0.11ab O.11ab 0.11ab 0.12ab 
Alfalfa wlth tall fescue O.10ab O.07b O.08b O.06b 

1. l " , 
Hean-4;+ ~10a 0.11 a '0.12a 0.12a 
+SE .04 0.04 0.05 0.04 

Heans ln a column followe.d b-y the sameletter-. are--not' sîgnl flcantly différent 
at _the 5~ levei of 'probability, according to Ounean~s Multiple Range Test. 

+H~rvest 1 performed 23 Hay 1984; harvest 2 performed ~5 June 1984; 
harvest 3 performed 17 July ~9B4 and harvest 4 performed 24-August 1984. AlI 
h~rvests ",ere performed at 50~ bloom stage, 4 to 5 weeks after initial harvest 
on 23 May 1984 • 

• 
+~Means compared horlz~ntally 

, 
~ 

~C,1' 
C,1' 

.. 
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Table "1. -Atoa: 1SN excesss in shoots ~, grass plants fo~ the various .ono 
and aixed éultures .hen clipped periQdi~al1y .fter planting r~bruary ,. 

(Experi.ent II ). . 

Harveat+ 
• '2 J 4 ' 1 

TREATMENT - (ato. 1 1SN exctss) 

~ 
~----.;:----------------- . ~ 7 

TImothy wIth alfalfa J.43b 3.23a 4.03a 3.78a 
Bromegrass wlth alfelfa 3.54b "l' 3.12a 3.66a 5.29s 
Orchardgras9 Wl.th alfa.lfa 6.10ab 4.1Ja 3.94a 7.58a " 
Tall fesc,ue w'J.th alfalfa • 5.39ab 4.62a 4.02a 4.09a 

Tl.mothy .... 5.58ab .7.39a 6.26a .5.85a 
Bromegra99 4.45b 6.038 5.80a 6.~ 
Orchardgrass - 9.04a 5.21a 5.80a 7.16a 
Tall fe~cue 5.60ab ,5.638 .5.17a 4,.54a 

Mean++ 5.38a ' 4.8-38 4.84a 5.57a 
.SE 2.07 2.65 1.83 1.87 -

" 

Means in a colu.,.n -folrowed;-by t-he sameletter-are-"-ot s-igni flcant 1 y dl fferent 
at the 5~ level o~ probability, according ta Duncan's Hultipl~ Ra~ge Test. 

+Harvest 1 perfarmed 23 May 1984; harvest 2 perfarmed 15 June 1984; 
harvest J perfarmed t7 July 1984 and harvest 4 perfarmed 24 August 1984. AlI 
harvest,s wère perfotmed at 5m~ bloom stage, 4 t'a .5 weeks after init laI harY~st 
on 23 Hay 1984. 

++Heans compared horizontally :. \ , " 

,...- , 

~ 

~ 

, , 

.... 

,VI 

'" ,. 

c 
,/ - .. _0' 

~ 
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Table 8. 

,. -' 
tI ~ , 

~ 

Percent of nitrogen derived "ra- at.osphere,(SNdfa) of alfalf. 
for various .ono and '.ixed cultures .hen clipped periodically after planting 
February 1~ (Experiaent Il). 

Percent Nitrogen Derived rro. At.osphere 
TREATMENT Harveat+ 

1 2 :' 3 4 Mean 

Alfalfa 97~ 1 a 95.5a 96.5a . 96.8a 96.5 
Alfalfa wlth Timothy 99.28 97.:58 97.48 9~.78 97.1. 
A~falfa w1th Bromegrass 97.4a 98.0a 95.58 96.9a 96.9 
Alfalfa wlth OrchardgrasB '98.2a 91.3a '98.0a 96.2a 97.4 
Alfalfa wlth Tall Fescue 98.1 s 97.3a 9B.Ba 97.28 97.9 

Mean++ 97 .... 88 97.1a 97.3a 96.68,...., 97.2 
+SE 1.0 ".S 1.6 1 • 7 1.5 - ./ 

Means 1n B column followed by the same letter are--fiot-Signl fl-cant-Iy 
dlfferent at the 5~ level of probabillty, accordlng to Duncan's 
Multlple Range"'Test. l\..' 

+Harvest 1 pe7to~'med 23 Hay 1984; har\lest 2 perfor~ed 15' June 1984; ., 

. 

harvest 3 performed 17 July 1984 and harvest 4 performed 24 August 1984. 
AlI hsrvests were perrormed'st 50~ bloo. atage, 4'to 5 weeks after initial 
harvest on 23 May 1984. 

/ . 

++Means compared horizontally 

.' 
~ 

-

1> .. ,. 

/ 
/ 

, 

Ut ...., 
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varlatlons, through the entlre e~perlmentBl perlod. Thuee'values 

were much hlgher than those of H'elchei et.!l. (1981) ~here the l'é' 

N,. fued In'pur'e stands,'or seedhnq year alfal(-a was appro)Clmately 

4'~ ln the fi rat and fourth'harvests and 6Sl'é ln the second and 

thlrd harvests.{ However, thes8 results ln the present 
1 

ln~e8tlgatlon generally agree wlth those From mIxtures contalnlng 

alfalfa or other forage legume 8p~cles, WhlCh indlcate that From 

BQ to 100~ of the legume sh~ot N éan.be derlved From N2 fl~atlon 

when growlng wlth grsss (Haystead and Lowe 1977; Val118 !i !l. 
127~; Et;1meadee and ,Sq.h 1978; Bergersen and Turner 1983; Phlllips 

The hlgh VSIU8S'-'of l'éNd~a ln" 

thlS experlment r~flected the 10~ N c~ntent'(nearly a) of h& . 

• medium used wher~ a1f81fa plants relled only on thelt ablli y to 
(, 

fi" N2. 
',.1: 

There was a slgniflcant dlfference in the atom l'é 15N excess 

'~, From alfalfa_grown in ml~tures 8S comp8red wlth that lh pure 

tr stand, speclflcally when"grown wlth tlmothy (harv~8ts 1 and 4) 

" '. ' However, when the' and w'lth tall fescue (,hafvesta 2, J and 4). 
-' )... .... - ... ,/ , 

data were expressed as ~Ndfa thls dlfference dlaappeared. . ' 

TheQe data demonwlrated the usefulness o~f 'the Isotope 
- ' 

'dllutlon method ta messute N2 fIxatIon ln mlxed swards. In th18 . ' ~. 

report"lsotope dIlutIon lead~ ta an estrmatlon of N2 fIxation 

that exceeded ln an average of 0.4 to 1.4%, when N2 fl~ed was, 
~ . 

,me~sured ln m~xed cultures ln co~p~rI80rr wlth N2 fIxed by alfalfa 
, - . 

ln monocul ture. . Th18 overest lmat 10n was nat 8.S severe' as 

\ 

1. '01. 

-, 

: 

J' 

,1 
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th-at cl81med by Broadbent li.!l. (198,2) who concluded that the 

15N dIlutIon method cannot be used wlth à legume-grass mIxture 
-< 

becauae 0l' undérground t rane fer of N from legûme ta gr~~8s: ThIS 

leads to erroneous estlmatee of N~ fIxatIon, If compaflèone afe 

Iilade betweef} legl!me /md non-legume ln the 1!l1)(ture. Howev'er, Bole 
<, 

and Rennle (1983) clalmed that.Broadbent et al. (198i) overatated - --. ) 

the aerlousneBB of thls error. Receot studlee revlewed by CheIk 

(1985) hsve ahown that the Isotope technIque can ~e spplled to 

the messurement of N2 fIxatIon Ùl assoclBted pastur'~s becJuse 

grass and legumss roots are Intl~8tel, mlxed, and therefo~e 

s8mple thé 8ame solI N pool. Talbotl.!!. al. (1982) and 'Fnod !l.~, 

!l. (1983) also emphaslzed thlS aspect wlth respect to 

Int.erc~APlng. However, 8 sUltable .reference. plant ln pure stand 
, 

lB requlred to estlmate the relatIve contrIbutIon of lnd~genous 

and SOlI N to the H nutrItIon of the flxlng~plant. Therefàre, 
1 

mlXi':'!g alfalfa wlth grQ8<s dld not affect 'aignlfI·cant;ly ~he N2 

fixatl~n by alfalf~~ As a matter of fact, it sllghily revor~d 

th"e fIxatIon procees by .!falfa (T~bles 3,4 and B, ,and FIgures 1 

and 2). ThlB lS related to a reductlon of SOlI N avallable to 

1egumes through more effICIent N uptake by 8ssoclated gras_es 

(Cral~ de Anda !~!l. 1981; ~srls and Ta 1985). AIso, grasses 

may excret.e Bome bloloqlcally actIve' s'ubstances l~adlng ta' a 

stImulatIon of legu~e N2 f~xatlon. WahuB and MIller ~1978) 

,suggested that there 1,8 a delay ln the seneSCence of ~egun(e' 

nÔdules Ih mlxed swarda. 

. . 
" 
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~-. Alf.lfa with timorhy 
• Alfal'. with bromegrass . 

o Alfalf. ~ith orch.rdgr.$S 

2 3 
.... 

4 

rigure 1. Oinitrogen fixation by alralfà in Mono and lItiwed 
cultures froe 27 July 1982 to , January 1983 ([.peri.ent 1). 

, Each point i8 the lItean or four observationa -and the bar' 
represents standard e't'ror (+SE) or the .. ean. Arrow " indicales . 
ti_e 'Or 'harvest.-
+OeLe~~ination Il perror.ed 7 Septelltber '982 at early bud stage; 
dete~lItinatjon 12 performed 28 S~ptember 1982 al initial 'Iower -
for.ation; deter.ination " perrot.ed , Doce.ber' 1982, siw weeks 
arter initial harvast on 1} October; deler.inalion 'Q parrot.ed , 
'January" 198'. 

. ... 
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1 

• Alfalta 
• AIf.If. wlth tlmOl hv 
• Alfalf. with bromegrus, 
0' Alfalfa,wlth orchardgrass 

.' 'Alfalta with tall fescue 

1 

2 

HARVEsr t 

1 

3 

.', 

1 

'. 

., 
,- ' ,-' 

,~ ,1 
l'',ct-{ 

1 

" " -

r~gure 2. Oinitrogen 'fixation by, alfalra in Mono and mixed 
cultures fro. 1. rebruary 198. to 24 August 1984 (Experiment Il). 
[ach point ia th~ean of three replicatea and the bar representa 
standard error (~[) of th. Mean. 
+Harvêst 1 perror.ed' 2' Ha'y 1984; harvest 2 perror.ed lS Jùne 
1984; harvast ) perror_ed 17 luly 1984 and harvest 4 perror_ed 24 
A~gust 1984. ,AlI harvests were perror.ed at sn: blooM stage, • to 
S weeks after initial harvest on 2} Hay ·198 •• 
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On 8 f;~lant" b~SlS, the absolut~ .amount of N' I~ ~lfalfa 
, 

derlved From N2 fl~atlon ln mono and mixed cultures From 

ExperIments l'and II, respectlvely are shawn ln 'figures 1 and 2. -

The amouni of N2 fl~ed by alfa~fa ln both cultural ~ystems ~arled 
-4 Sllghtly durlng the experlmental perlod ln patterns SlmIlar to 

thoae of ~NdfB. Durlng the entlre experlmental perlQd, alfalfa . 
plants flxed an average of ~5 and 11 mg N/plant ln pure and mlxed 

stands, respectl~ely. Slnc~ the prop~rtlon of ~Ndfa was 

relatIvely constant through tlme, the maIn determlnants of the 

amount 0 f N2 fi xe.d were ~ N concant rat l on and dry mat ter 

accumulatIon, bath of WhlCh were not èffected slgnlflcantly wh en 

alfa1f8 grown ln mIXture. Helchel rt .!!.(1981) observed that. the 'i 

rate of N2 fIxatIon was closely Ilnked to ~re growth rate of 

alfillfa. 

The assocIation of alfalfa wlth grasses dId not have a 
. 

detrlmental effect on dry welght (DW) and N yleld per plant 

(F~gure8 "and 4). Never~heleas, the.DW and~N 'yleld accumulatIon 
4l, 

of alfalfa in assoc~atlon showed a trend of Improvement over J -alf~rf8 ln pure stand. This lesser DW of alfaJfa plants ln pure 

stand may be a respDnse to IntraspeClflc competItion among the . 

legume plants. In fact, ~t i& generally accepted that 

u"ftrBspeclflc 'competltlon lB more IntensIve than InterspeCIflC /.-' . ~ 

~ 

competItIon, and both result ln a reduetlon of DW of the 'plants 
. . 

(McCloud and Mot~ ·19~J). Oubbs (1971) also concluded that 

a1falf8 plants ,rJ!celved more competItIon frorl) other alf'alfa 

"., 
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HARVES}t 

1 

, 
• Alfatt ... 
.. Alfalf. with timothy 

• Alfalf •. with btomegrass 
o Alf ... 1fa with o,chardgrass 

• Alfalf ... with t.1I fe5cue 

3 4 

'fIgure}. Accumulation 0 of shoots a~falfa'plants 
grown in mono and ai.ed cul and clipped periodlcally after 
plantlng february 14 (ExperiMent Il). [ach pOlnt is the ·.ean of 
three'replicates and the bar.represents standard error (+SE) of 
the .e~n. . , -
+Harv8st 1 perfor.ed 2} Hay 1984; ~arve8t 2 per/or.ed 15 
June '1984; 'harvest J perf'or.ed 17 JuI)' 1PB4 and harvest. 4 
perfor.ed Z4 August 1984. AlI harvests were perfor.ed at 
~O: bloo. ~tage, 4 to 5 weeks aftér Jnltial harvest on 23 

: May 1984. 
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ao • Alfalfa 

\ Â Alfalfa with timothy 
" ~ • °Alfalfa with bromegrass 

1 
p 

o Alfalfa with orchardgrass , 
• Alfalfa with tal! fescue 1 , 

70 , 
1 

,1 , 
1 , 

1 , , 
z 60 / 
0 , 
t= 

1 
c( 
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i ::> 
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1 2 3 4 

HARVEST+ 
l"lI 

r~gure~. Accuaul~tion of nitrogen yield of shoot alfalfa plants 
grown in .ono and .ixed cultures and clipped periodically arter 
planting'february 1~ (Experiaent Il). Each point ia the .ean of 
three replicatea ~nd the bar repreaents stand~rd error (~SE) of 
the aean. 

, +Harvest 1 perfor.ed 2' May 198~; harvest 2 perror.ed 15 lune 
1984; harvest , perfor.ed 17 luly 1?84 and harvest 4 perfor.ed 24 
August 1984. AlI harveats were perfor.ed at SO~ bIooa stage, 4 
to 5 .eeka anter initial harvest on 2' May 1984. 
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plants than fr~ass speCles when grown ln mlXed stan~. Under 

these, experlllientai conditIons, It 18 ImpoSSIble to separate 

" effe1cts' of each \Clnd of competlt<i1on, but the Intraspeclf,ic 

, c~mpet 1 tIon could' be observeçt through the reduct 1 on of number of 

alfalfs plants ln mlxed stand (~ eliaifa plsnt9/p~t ln 

mQnocultur~ (ler9us 4 alfailfa plants/pot ln n'llXèd 'cult,ure)" \ 

. . ~ .' , . ' 
,4.1." ~N tra.nsference, herbage and N y'ie'ld of grasa , , 

" , 
, • ,i , , 

Hie amount o'f ',N tran.sfen:-ed, Profil 'a lf'a l ra to grsss et the ,1 , , 
, f o~". , de ter 1111 n a1: 1 o-h s' "18' S li 0 \II 'n 1 n FIg ure > ([)C p e r i m'e n t 1).. A 9 the 

- , 
1. ' , 

grass ~lants :ln ',Bss-ociàt Ion gr~w ln N fJ:'ee medIum, the ~ yield 10 

gra~8 sheots ls'consldè-red: ta be ~h~ res~i~ of'N 'transference 

, t:ro~',alf8lfa "t.o the grasse.8. Jhese calculatlons ignpre any N in 
~'~ , 

\ , t n e a~ r ~ 0 r ~ ~ e ~ 0 ~ t'- , T tJ ~ th rl! \ 9 r ~ s s ~p e C I ~ S we r e, sim lIa r J n N' 

trsnsference although orcherdgrass showed a shght ~dv-8ntage at . ' 

the ea1'1l1er re.qrowth ~tage. However, in ~ener81 'aU' grsss .". 

b • f' ,"\ '\ t specles ene 1tted From N trensfer fl'om dfalfa dlJring th;e en ~Te 

perlod'., Up to'an avérage Of 24% of the N2 fllied by alfalf.a in 

,mix~d stand 

qt:Jantlty of' 

was transferred to the assoclated 
l. • "- " ~ , ." \ " ~ l'rans ferred dec li nèd "at ~; weeks 

10 weeks later il showed' slgns of Increase. 
. 

~ 

gr9s8. The 

artel' eut, moreover 
, : 

--- The 15N dllùtlO'n technl~ue showed that' (Exp~r.lment II) at,o'lJ! 
e • 

% 15N exce8S of g,rq.ss (Table 7)" l'ri' 'the 11Ilx~d st?nQ wa~ Idwel' than', 
~, . 

1. ~ ~ 

the pure stand~ 'qemonstratlnl}J tha,t sOme of the N2" fned br 

, \ 

.. "* 
" 

, ,r-

.. 
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• Timothy with Ilf.lfI 
• BrOf11eg{ft$ with .ltalf. 
0, O,char~rlS5 with alfalf. 
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1 2 3 4 

OETERMINATIONS+ 

r igure S. Ni trogen transferr~d to the' gra,ss at each . 
delermioation rrolll 21 July 1982 .to , January 19~" (Experi.ent· 1). 
Each point 18- the .. e80 of" four observations and the bar 
.represeols standard ecrQr (.:tSE) of the lIean. Arrow indicales 
tille of harvest •. -

, +Detet'minat'ion Il pecformed 7 Séptember '9fJ~ at early bud stage; 
determination 12 perforlllèd 28 Seplember 1982 at ;initial flaNer 
formft"tion; deler.inalion' 13 per-for.ed ) Decèlllber 1982,. six Neeka 
after 1ni liaI harvesl·, on 13 October; delermination 14 performed 3 
January 1983. . 
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-.J 
alfslfa wss transferred to assoclsted grass. The proportlof) ln 

the grasB of N transferred (Table 9) I/arled s,lgnlflcantly.w1th 

cllpplng t 1me. The ~ N transferred wes s19nlficantly lower 

durlhg the faBt .... regrowth after InItIal harI/est. Howel/er, 1.n 

la~ 88se8smenta the ~ N transferred Increased subslant1811y and 

reached l t-s ma" Imum ln harI/est 4. T~ese results suggest th st the 

supply of N from 8)(Cretlon lB low aner defollatlon du!! ta the 

llmltatlon of carbo!ydtates WhlCh support the normal nltragenase 

enz y'me act l\IIt y, 8n~ the c:n~flbut Ion 0 f N From d~c~y of nodules 

and death of roots WSB enough ta allevlste the lnitlsl perlod of 

N stress ln the assoc.lated grass. ,ThI8 18 ln agreement wlth the 

~ results of the amount of N transfer after 10 weeks of regrowth 

(E"perIment l, determlnatlon '4) and ln harl/ests J an~ ~ 

(E~perlment II), where the process of m~neraiIzatlon was able to 
. , 

lncr6he the t.otal amounl of N transferred CF 19ures 5 and 6). 

The substantlai tr8nsf~J;'ence of N obaerved after second harI/est 

suggests th-8t the tn.ot and nodule tIssue 18 not totally 

decomposed at 10 weeks. Thl8 18 ln agreement wlth the 

convent1.onal v1ew of graduaI mlnerallZstlon of d-ead raota and 
V' 

nodule tIssues from the legume thro,..gh mlcrobIsl actlVlty 

(Broadbent !.!. .!.l. 1982). 

Data from Table 9 and FIgures Sand 6 sh.ow a ,conustënt 
h 

transferencè of N to aasoclBted grasa even durlng the early 

stages of çultlvat,~on {[xperlment l, determlnatlons 81 and 12; 
, fi; 0 

[)(penment 1 l, harI/est 1). ThIS agrees wlth a dlfect eXC1"etlon 
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Table,9: Percentage of nitrogen in graases transfer~~~fro. ~8oci.ted alfalfa 
fro. 14 February 1984 ta 24 August ,'98_ (Experi.ent ~. ' 

TREATMENT 

1 

. _J 
• 1 

27.4r. .Timothy w~tZ alf.alfa 
Bromegrass Ith alfalfa 31.8a 
Or~hardqrass with alfalfa 20.7a 
Tall fés.cue, with alfaifa 18.4a 

Mean++ 24.6c 
+SE 6.6 

- , 

Nitrogen Tranafèr 
Harvést+ 

2 , 
s 

, 
21.68 54.7a 
19.68 47.Jb 
16.1a 52.Bab 
15.6a 58.7a 

"' 18.2d 53.4b 
4.8 5.7 

4. 

65.18 
65.0a 
56.5b 
55.3b 

60.58 
1 5.4 

MeanS-in a column followed by the .same le~ter Bre not signiflcantly dlf(ereht 
at the 5% level of probability, according to Dunca~ts Mu~tiple Range- Test 

+Harvest 1 performed 23 May 1984; h8;vest 2 performe~ 15 June 1984; 
harvest 3' performed 17 July 1984 and! Mllvest 4 performed 24 August 1984. AU 
harvests were pBrfarmerl at '50% bl~omVstage, 4 ta 5 weeks after initial 
hBfvest on 2' Hay 1984. ' 

++~eans compared hor~zontally :'::: 
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• TimDthv wilh .If.lfa 
• Bromegrasi with alfalfa 
q Orch.fdgrass with alfalfa 

• Tall 'lseUI with .If,lfa 

l 
1 

,A . , 
,.,',' fl 
" , , , 

, " , , , , ,. , .' , 
/ ' ;" 1 

) 1 . 
p. , , , , . 

l,' 
,,' . " , '-.-. ,'~ " ,~ 

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

1 2 

HARVEST+ 

"3 

/ 

4 

rigur~' 6. Nitrogen tiansferred to the gross at each harvest fro~ 
,14 fe.bruary -1'1.t~ to 24 August 1984 (ExperilRent 11 l. Each point 
is the .ean or three replicates and the bar representa standard 
error (+5E) or the Mean. ~ 
+Huv8s1 1 perforMed 21 Hay 1984; harvest 2 perforlIIed 1'S June, 
1984; harveat , perror.ed 11 luly 1984 and harvest 4 perrormed 24 
August .984. AlI harvests .ere perrotMed at 50~ bloo. ~t8ge, 4 to 

) 5 w •• k. ,'ter inHhl heu'ut on n Hay 1984.. " 
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of N compounds from lIvIng alf81fs root sY8tem~ (farls and Ta 

1985). Chujo ano Dalmon (1984) reported 7hat the qrowth 
\ ' 

8cceler8tion of grass specles fSlsed ln 8SPOclstlon wlth red 

claver ln the early st8ge of growth lS probably due ta tbe 

.absorptlon of N axcreted dlrectly From the root system of the 

legume. The ro~t8 of 81falfe end the grasses ln these 

experlments .ere tjhtl y Intertw1ne~ves or pots, and 

any N' compo'unds exc eted by, or decomposed From the legume root 

,ànd nodule debus, oVld be a,djacent ta the graSS roots. 

Values of ~ total N ln ~ach harvest from'Experiment II sre 

shawn ln Table 10. These values were not affected by the basal 

fertillzation applled in the firal week, after seedlng. The 

1nit laI har vest of the gr8ss 1 n ,mlXt ures ha~~, slgnl flcantl y 
Ll ' 

higher N content thsn Ul pure stand. ~ ThIS supports the . " 

conclus10n of beneflclal effect of slfa1fa to grass specles when. 

bath were grown together rather 

N feftillzer ta lhe grass. The presenre of slfalfa 

average Incresse of N content ln grass of 42, 55, 6 

t~e grass co~trol for tlmotHy, bromegras8, orQhardgra 

fescue, respectlvely. ThIS may b& explalned by N releàsed from 

'al fal r~ through elther dIrect elCcreb on and/or decomposlt Ion of 
l, 

nodules and alfalfa plant tIssues. Slmllar results were a180 

" reporled by Vlrt~l!en !!.!l (1937); Butler and Bathur8t~ (1956) 

Butler !l.!!.. (1959); Henzell .!!.!l. (1968); SImpson (1976); 

VaIllS (1978); Yaystead and Marrlott (1.978); 8roadbent ll!.! 
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TABLE 10. Total.nitrogen concentration {F> in ahoot~~o~ graaa plants for'the 
"B'rioua .ono and .ixed cult'u'rea when clipped periodically after planting 
february 1. (Experi •• nt JI h - \. • 

~ '. 

Total-Ni trog~Con'c!!ntration 
Har"en+ 

.... 

TREATMENT 1 2 . 3 4 M.an"t+ 
S 

.,.. "-.J 
Timothy with alfalfa 1.29bc 1.87a 1.77a 1.41bc 1.58a 
Bromegra88 w~th alfalfa 1.56b 1.918 1.5Jab 1.75ab 1.69a 
OrchBrdgrB88 with alfalfa 2.00a 1.78a 1.41abc 1.61abc 1.70a 
Tall Fescue with alfalf~ '~48b 1.74a 1.71a 1.948 "1.73a 

Timothy 
Bromegrass 
Orchardgrass 
Taii r~scue 

\ Mean 
~SE 

<? O.97d.c 
1.17bcd 
O.97ed 
O.81d 

1.09b 
1.14b 
O.90b 
O.99b 

• 1.15bc 
1.16be 
1. OZe -
1.13bc· 

" 

1.23dc 
0.91d 
1.19-cd 
O.89d 

1.Z8 1.43 1.35 ~ 1.36 
0.1e 0.22 0.19 C-~~.21 

/ 1 

1.11b 
1.09b 
1.0Zb 
O.96b 

1.36 
0.21 

Means in acoIl.imn followed by';the same -letter are not Bigni ficanf.fy- dl.-fferent 
at the 5~ level of probability, aeeording to Dunca~'s Mulll.ple Range Test. 

-+Harvest 1 performed 23 May 1984; harvest .2 performed 15 June 1984; 
harvest 3 p~formed 17; July 1984 and harvest 4 performed 24 August 1984. AlI 
harvests w're performed at 50~ bloom stage, 4 to 5 weeka after initial 
harvest on t Z3 Hay 1984. 

++Heàns compare~ vertieally )1 
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(1982); Ta and FaruI.(1985). On the other hànd, alfalfa N 

content was not, affeçted by the presence of ,the grass as compare" 

to that of alralfa gt~wn alone, demonstratlng the absence of a 

negatlve InteractIon of the alfalfa-gras9 mIxture on N ~ontent. 

The absolute amount of N transferred From alfalfa to graaa 

ranged from 1.03 mg N/plant (e.arvèst 1) to '.34 mg N/plant . 

(harvest 4) equlvalent to 5.7 and.15.5~ of th~ amount cin N2 fIxed 

by alfalfa ln thè InItIal and later harvestB~ respectlv~ly. 

Tranafer ~f N From legume to grass is Important for the growth of 

the grass, ~nder lo~ N çondltlons~ Visual observatIons durlng 

present study showed that grass ln mlxed stand grew more 

vlgorously than that ln pure stand. However,' the transfer of N 
" 'r! 

~ld.not allow ~he grsss planta to grow to their full potentla~. 

011z and Mulder (1962) quantlrl~d transfer of N and found 1 to 81 -
, 

(TIrst cu~) and 6 to 22' (second eut) of the fl~ed N2 wèS . 
transrerred to the associated gross. SImpson (1965) round 1 to ..... 

4~ of N2 fl~ed by the legume w~s transferred to the grasse rarlS 
, 

. and--l-a (1985) rep'ortë~ consIderable N transference From ij,lfalfa 

to tlmo~hy, the amount belng equlvalent to ~21 cif the total N2 

,. f!)(ed st the early stage of growth. Thua, the quantlty of, N ., .. 
transferred from alfalfa to the a~socIat~d grass, as estlmated by 

, 
l~otope dIlutIon technIqUe ~n thlS experlment was wlth~n the 

.1<, 

reasonable range obtslned by other"workers. 
fi 

The~e was no Slgnlflcant difference among grass specles on 

the amount' of N transferred. The 'fourffgt~sse8 behaved al~ke, 

, . 

f 
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~ although o ta11 fescue and orcMsrdgrss9 showed a s11ght adv9ntage 

ln the later harvest. Accordlng ta. Henzell (1962) the Increase 

of N lransfetehce may be'a functlon of the competItIve ablll~y of 

the gras8 component ln the aSéoclatlon. Thu8, ~he a~vant9g8 

could be attrlbuted 'to a ~re8ter competItIve abIllty of thes8 two 

earl1er maturing specIea." Bromegras8 and tImothy, WhlCh are" 

Intermedlste and late maturlng spec18S raspectlvely, benefltted 
• ~ h 

from the N ·trans rerence process to ''8 1e9ser ex te'l1t than tall 

fescue and orchardgrass. 

lot al herbage yleld of bath gra8s a'ione and ln m1Xture. luth . 
91falf8 (fIgure 7)')ndlcated that ail gra98 9peClas in mlxed 

, 
stand produced hlgher yleld than that of grass grown ln pure r 

stand. 'The advsntage of addlng a legume ln mIxtures to lncreese 

forage productIon IS ln agreement wlth that reported by Henzell 

(1962); ohz and Hulder (1962);, HamIlton et .!!. (1969)n.Hayatead 

and Marriott (1978, 1979); Belule.!!.!.. J. (1983). 

waB a slgnlfl~ant dlfferenc~ among gra88 8pecle~. 

However: ~e 

Tall feacue 

and orchardgra88 were the moat responal~e specles to N 

tr~n8ference wlth Slgnlflcant Incre8S~8 of herb~ge ,Yleld. 

Bro~egra8s a~d tlmnthy benefltted when grown 1n ~lxed st~nd, but 
..,. 'F , 

both specles were less productIve than tal1 fescue and 

orchardgrass. - \ 

Total N ylelds of grasses were Slmllar ln pattern to . 
herbage y181ds and fol~Qwed an Identlcal trend (fIgure 8). 

largest cumulatl;e N was obtuned fJ;'om tall fescue a>n~...,.../' 
~ 
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AT,morhy _ 
.. Timothv wirh .1I.If • 
o 8rom.grau 
• Brom.grass with .Ifalfa 

2 

HARVESY+ 

3 4 

.. , 

. F igul'a 7. A'ccu.ulation, of dry waig o~raaa plant"a in .ono an 
.ixad cu~turest c1ippad periodicall after planting.rebruar 
(Experi_ent JI}. [ach point ia th aean of three re,lieate 
the bar rapresenta standard error +SE) of the a~n. 
8. accuaulation of dry weight of .. haot 
b.' accuMulation of dry weight ~f l'Dot + croNn. 
e. accuaulation of dry weighl of whole plant ~ 
+Harvest 1 pe~for.ed 2' May. 1984; harvest 2 perfor.ed 15 Juna 
1984; tu{rveat J parfor.ed 17 July 1984 and harvaat tr parfor.ad 24 
August 19~4. ,AlI harveats wera perfor.ed at 50S bloo. stage, 4: , 
t~ $ v.ok. after i~al ~arva.t on 23 May 1984. . 
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A Timothy with alfaUl', 
D Btomegr.u 

• aromegr." wlth IIf.lf •. 
o Orchardgrau 1 

• Orc:hardgr.ss wlth .. lf.lf. 
~ Tall fescue 

• TaU fescue with .1f.lf. 
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6. Timothy 

• Timothy "!'ith .If.i,. 
a BrmniSlr.ss 
• Bromevrass with .Ifalfa 
o OrchlrdgrlSl ' 

• Orchardgrass wlih .If.lf. 
o TaU 'escut 
• T.II 'escue with .If.lfa 
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of dry weiqht of whole plant 
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il Tlm~thv 

.. Tlmothv with alfalfa 

o Bromegrass 

o Orc:hardgrass 

• Orchardgrass with alfalfa 

~ Tan flscue 
li Bromegrass with allal(a • Tan feseue with alfalfa 
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l 

figuJ;e 8. p Aecuaulation' af ni·trogen yield af grass. p~aht8 in .ono 
and .ixed cultures, clipped periodically after planting February 
rra '(Experj.~nt 1 I). Each pôint i8 tJle .ean af three rèplicahs 
and the bar represents standard error (+SE) af the .ean. 
a. accu.ulation of nitrogen yield of shoot ~/ ' 
b.- accu.ulatian of ni tra.gen. yield of root + erown 
e", accu.ulation of' ni.trogen yield of whole plant . 
+Harvest 1 perfor.ed 23 May 1984; harvest 2 perfor.ed 15 3une 
1984; harvest } perfor.ed 17 Jl,Ily:..,1984 and harvest 4 pufor.ed 24 
Au'guat 1984. AlI harvests were perfor.ed at SOS bloo. stage, 4. 
to 5 weeka after initial harv8st on 2} May ~984. 
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A TmlOthv with a'«'''a 
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• Bromegrass with alfalfa 
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A Timothy 

~ Timothy W'ith .1f,1f. 
o Bromegrass 
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• Bromegrasswith Ilfalfa 

o Orchlrdgrlss 

• Orchardgrass with alfalfa 

o Tall ftSCue 

• Tall ftscue wlth illfalfa 
'l, 

1 2 3 4 

HARVEsr+ 

• 
figure 8. c. Bcc!!.lIIulallon D,' t'utrO'gen Yleld of whole plant 
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orchardgrass Hl mIxture, and the smallest from tlfflothy and 

• 
bromegrass. ThIS dlfference lS a reflectlon of the slow growth 

and regrowth of .tlmothy and bromegrass due to the fBet that both 

gr,a,ss sp~cle8 were harvested before headlng. In cllpplng the 

experlment perlodlcally, when alfalfa reached 50~ bloom, the 

earlIer grasses were more mature, and benefItted more ln the 

muced st and. Thus, the productlvltles of the grass specles used 

ln thIS study were dlfferenl and appeared to be related to the 
il 

growth habIts and competItIVe abllItIes of the specles. 

Ia.1.Ia Co.petItIon between alfalfo and gross 

The competItIve effects were conduded wlth objectIves to 

eveluate the changes ln each component speCles durIng the growlng 

tIme, under greenhouse condItIons. Then, any changes ln the 

competItIve abllIty of the specles may nat be related ta the 

fIeld experlments. 

The competItIve effects of alfalfa on grass, and 

VIce-versa, expressed as the relatIve crawdlng c.Jeff!clent (RCC) 

are shown ln FIgures 9 and 10. The competItIve e:fect of alfalfa 

wlth respect to grass decreased slgnl fJcant l y wlth harvest tIme 

(fIgure 9), In cont rast, the ReC of grass 1 n companson to 

a l fa l fa 1 n cre as e d w 1 th t 1 me 0 f c Il pp 1 n 9 (F 1 9 ure 1 0 ) • The 9 l'e a ter 

competItIve abIllly of alfalfa ln the early harvest was due 

mostly ta the capaclty of alfalfa ta fD NZ and the very low 

grQwth rate of the grass specles under pOOl' N medIum, The 

/ 
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.. Alfalfa with timothy ~ 
• Alfalfa with bromegrass 

o Affalf!. with orchardgrass 

• Affalfa with tall feseul! 

.... .' ..... " " '0--------.... ~' .... --..... .... .. 
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2 3 4 

HARVEsr+ 

rigure 9. Ch~nge9 in the relative crowding coefficients of 
al fal fa on grass at four har vest s. [ach point represents the 
Mean of J."ree repltcates and the bar, is standard error (.s[) of . ( -
the _ean. .. 
+Harvest 1 perFor.ed 23 Hay 1984; harvest 2 pertor.ed 15 June 

,1984; harvest 3 performed 17 July 1984 and harvest 4 peI;For.ed 24 
fl August 1984. AlI harvests Nere performed at 50: bloo. stage, 4 to 

5 weeks after initial harvest on 23 ~ay 1984. 
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& Timothy with 11f.1f • 

• Bromegrlss with .If .. lfi 

o Orchlrdgrass with alfalfa 

• TaU ;escue with alfaU .. 
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HARVEST+ 

-. 
figure 10. Changes in the relati"e crowding coeffici'ents of 
grasses on alfalfa at four harvests. Each point represents the 
-ean of three replicates and the bar is standard errDt (+SE) 
of the _ean. 

. ~, .. 

~Hatvest 1 perfor.ed 21 Hay 1984; harvest 2 perfor.ed 1~ June 
1984; ~rvest l perfor.ed 17 July 1984 and harvest 4 perfor.ed 24 
August 1984. Ali har~ests Nere perfor.ed at SO: bloo. stage, 4 to 
5 weeks after initial harvest on 21 Hay 1984. 
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~ 
Incre9se of the competltlv~ ablilty of grsss after harveat 2 

• supported the conclusIon thst the grsss specles benefltted 

lncreaslngly From the N transference process. It appeafs that . 
cllPPlng Increased the competitIve abllity of grass when grown ln 

mlxed culture. 

, Thee~dlfferences can Indeed be expla.lned ln tecins of the 

effects of cllpplng on the two specles. 8o~~ alfalfg and grsss 
ri ., . -

moke demands on the N resources •• '·Thlt sl(alfa plants however, are 

able to flX almdsl aIl thelr N requlrements From the atmosphere 

U)tll t~e energy requlrements of thls process from photosyntheslS 

a~e cut off (Table 8). 50 cllpplng ln thlS case produced 

favaurable conditions for the growth of gfsse plants lhrough the 

avaIlablllty of the N compounds From aoy sloughed off oodules and 

toot tIssues (Butler ~!l. 1959) but more llkely From leached 

alfalfa foot N. Thus cllpplng decreased the competItIon of 

alfalfa agBlnst grass and Increased that ~f grase 00 alfalfa. 

Chujo and Dalmon (1984) reported that growth acceleratloo of the 

<. grass specles Increased ln aSSOCIatIon wlth the legume even 

durIng the early stage of cultivatlon. farls and Ta (1985) 

recently found a considerable N transfer durlng the lnltlal 

cllpplng of the legume plants and thlS procesB Increased wlth 

subsequent harvest tlmes. 

The enhancement of the competltlve effect of grass speCLes 

varled between harvests. OrchardgrasB and tall fescue ln harvest 

4 tended to compete ag~reBslvely wlth 8lf81fa and elmost 
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domlnated the mixture, WhlCh 18 exprf!ssed ,wlth hlgh ReC. Theée 

t wo graa8e8 were s 11ghtl y more r espons 1 ve spec 1 es toN 

tran~ference (fIgure 6), WhlCh corresponds to thelr accumulatIon 
" 1 • 

of dry welght and N Yleld (figures 7 snd 8). Thus, the .1 ncresae 

ln competltlvenes8 IS related llkely to the amount of N ••• , 
transferred From a1falfa and the efflC.lency ~f both grassea ln 

utll1z1ng the avallable N ln the medIum. TImothy wa9 a specles 

wlth an Inslgnlflcant l'1CreaSe ln competltlve'éffect durlng the 

experlment, an~ lt ~howed less productlvlty wlth cllpplng tlme. 

The competItIve ratIo (CR) values presented l~ figures 11 

and 12 represent the degree of competItIon between slfalfa and 
d 

9 r a-a s .1 n ml)( e d cul t ure. A CR val u e e quaI t 0 1 1 n d 1 C a t e B th a t 

th18 crop has a hlgher competltlve abl11ty wh en compared' wlth the 

other a~ecles ln the mIxture (Wllley and Rao 1980; farls ~.!!.. 

1983) • .cR values followed the same pattern ss.the relatIve 
~ 

crowdlng coeffICIent values. l'n general, a1fa1fa was more 

competlb'lve than the grasses spec1ally at the early harvest as 

compared w1th the other three hsrvests. Ne ver the 1 ~ 8 8, 1 n' la ter 

harvests when the grass specles benefltted from N transference, 

the competItIve abll1ty of grasses Increased slgnlflcently. As a 

fesult , a1falfa decreased ln Lts competItIve ablilty. 
1\. 
~ 

Orchardgrass and tell fescue had a hlgh CR ln the Iater 

asse9sment, as compared w1th the other gra8~es. The lncrease ln 

competItIve abIIlty and dry welght productIon by those grasses , 

8eems to\ be re1ated to thelr growth habIts assoclsted Wlth the 
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figure 11. Al fal r. shoot co.pet it i va rat.io· in .ixture wit.h gr.sa 
at four harvests. Each bar represents the standard error (+SE) 
of the .ean. ., 
+Harvest 1 perror.ed 2} Ma)' 1984; harvest 2 perfor.ed 15 June 
1984; harvest } perfor.ed 17~ July 1984 and harvest 4 perror.ed 24 
August 1984. AIl harvests were perfor.ed at 50: bloo. stage, 4 to 
5 .. eeks after Initfal harvest on Z} May 1984 • . 
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f'igure 12. Crass shoot competitivp. ratio in .. ixture vith 'alfalfa 
at four hilrvests. (ach bar represents the standard error (+5E) 
of the mean.· r 

+Harvest 1 perfot.ed 2) Hay 1984 j harvest 2 perfor.ed 1 S June 
1984; harvest :} per fOflled 17 Ju 1 y 1984 and harvest 4 per for.ed 24 
August 1984. Ail harvests Nere perrformed at 50: bloo. stage, la to 
S weeks after ini-tial harvest on 23 Hay 1984. 
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greater BCCe88 to N from alfalfa. Bramegrass and tJmothy, WNlCh 

8 rel nt e r m e dIa t e and 1 8 t e m B;Lltrl n 9 s P e CIe B, r e 8 pee t Ive 1 y, v a rl e d 
l' • 

the\competltlvè performance durlng the ge890n • .. 
• The prod~ctlVl(y of the alial(a-gra99 mlxed cultu~e relallve 

to the pure stand lS shown ln FIgure 13. A relatIve yleld total 

(RYT) greater~than 1 Indlcates the yleld advantage of B mlxed 
~ 

culture ove ... a monoculture (De Wlt and Van de Bergh 1965). RYT 

W88 greàter then 1 ln aIl mlxed systems. However, the 

composItIon af RYT dl ffered between crops and among harvests. At 
• 4 

the earll"eat harvest the relatl\'le yleld (RY) values of tlmothy, 

d j Il f 1 ~d' , archar grass and ta escue were ess than 1, an those of 

alfs1fa were greater then 1. The mal n r e a son for the s-m a Il gr a s 9 

RY value was the p'oor competItIve abllity of the grasse However, 

arter the second harvest the RY of grass was always hlgher then 

dlfa1fa, demonstratlng the benef~clal effect of ~lfalfa to the 
~ 
deve10pment of grass ln mlxed cultures • 

• 
4.1.5 Co.pafuwn of .e~hods fOf estl.ating N2 f'iJca'tion by 

alfolfa 

v 

Estlmates of N2 f,Datlon by acetylene reductlOn assay (ARA), . 
dlfference method (DM) and 15N dIlutIon technIque (ID) are glven 

ln Table 11. As the Interaction between measurement technIques 

anâ cultural systems was not slgnl f lcant, the values present,~ ln 

Table " are the maIn effects of both. DM and ID technIque gave 

\ a hi"gh estlmate ànd ARA the lawest. DM and ID gave estlmat.es of· 
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• Alt.lf. with Iimothv 3.0 4 

• Alt.lf. with btomegr." 
o Alt.lf. with orchaMgr~ 2.5 • AIf.lf. with 1111 tescue 
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r 
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1.0' 1.5 2.0 2.5 3.0 

GRASs 
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15 (g: plant-1) 
1 

Figure 13. Yield advantag~ of alfalra and grasses in .ixed 
cultures at rour harvests. Dota ~xpressed in relative total 
yield uni ts. , 

r 

3.0 

, 

+Harvest 1 perror.ed 23 Hay 1984; hafvest 2 perror.ed 15 ~une 

--

1 

""" 

1984; harvest 3 perrOflllCd 17 Jul y 1984 and harv~t 4 perror.ed 24 1 .... 

August 1984. AlI har,vest's were perror.ed ot 50l: bloo_ stage, 4 to -" li 
5 weeks arter initial harvest Dn 23 May 1984. 
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Table 11. Olnitrogen fned by alfalfe in .ono and .1xed cultul,es 
when ch'pped perlodlcally after pIan~in9 February 1&\, .eaaured by 
three technlqdès (E.peri.ent II). Values in parentheaes are the 
standard error of the .ean for Bach technique. 

TechnIque 
or 

Cultural 5)'8te. 

Acetylene ReductIon 

Isotope DIlutIon 
J . 
DIfference Method 

li 

Cultural System 
Alfalfa atone 

, Alfalfa wlth grass 

Mean++ 
+SE 

-;-

1 

.., 

9.37b 
(3.22 ) 
16.200 
(2.23) 
16.200 
(2.92) 

NZ fned 
Harvest+ 

2 J &\ 
.9 N/plant 

6.01b;k S.S4b 4.46b 
( 2. Z:n ( Z. 09 ) (1. 72) 
16.128 15.500 21. 268 
(2.12) (2.02) ( 2.07) 
17.429 17.638 18.74a 
( 2.20 ) (3.62) ( 2.90) 

Hean+-++ 

-6.35 b 

16.S4a 

17.49)1 

--------~-----------------------------------
11. 74b 11. 30b 11. 24a 12.02b 11.S7b 
16.098 15.139 12.53a 17.62a 15.34a 

13.918 1:3.21'ab 11.89b 14 B2a 1'.46 
1.70 1.53 2.22 i~6 2.72" 

Meuns ln a.column followed by the same' let1er are not slgnlflcantly 
dl fferent at the 5~ levaI of probab1l1 ty, accordlng ta Duncan' s 
Multlple Range Test. ' , 

+Harvest 1 performed 23 May 1984; harvest 2 performed 15 June 1984; 
han'est :3 performf}d 17 July 1984 and harvest 4 performed 24 Au'gust 
1984. AlI harv8stà were performed- .at 50~ blo,?-m stage, 4 to 5 weeks 
after Inl.t181 hatvest on 23 May 1984. 

n' ++Means compared horlzontally 
! -'+++Means comp'ared vertlc8~ly 
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N..2 fHatlon that were not different slgnlflcantly. Although, the 

'! 88ae89ments of N2 flxat len tTy OH exceeded thase praduced by ID br 

an o\l.erall av.erage of S. 7~. 
1 

Thls suggests that the DM' wIll 

provl'de a repres-entatlve N2 fIxatIon value w~ere the th'; medl~ 

condItIons permIt proper development' of control plants. For 
> 

example, at harveat 1, ID and OH produced essentlelly the same 

\lalues (1.6.20 mg N/plant), Independent of the cultural systems. 

The s e fIn d l ,n 9 seo n cu r w 1 t h t h 0 S e r e p 0 rte d b Y s e ver a lot he r 

researchers, but conflict wlth certaln other results. Legg and 

Slogel;; (1975) after lr~corporatlng 15N labelled fertlllZer, N lnto 

the 'sol1 , found excellent agreement between the DM and ID 

throu,ghout the season." ,Wllllams et !!l., (1977) determlned the -, 
relatIon between the two methods and fourro that they are strongly 

11near (r=O.9B). "Prevlous values clted for NZ fIXatIon measured 
.\ 

'by the DM for annuel legumes, however', may have been 

underestlmated by about 40% (Holland.!:1. a1.1969). Martensson and 

Ljunggren (19B4) compared the derlved total Nz fIXatIon value!! 
~ 

From DM and ID, 8nd concluded the ID gave a slgnlflcantly iow 

value of ,NZ flxed. Coale ~!!l. (1985) compareod ID and DM to 
~ 

quantlfy the %Ndfa and the amount of N2 fned. These comparlsons 

showed that there wes no difference between methods. 
,: 

( 
Nevertleless, there was a dlfference ln the preCISIon of the 

'";). 

methods. The ID consistently had a lower stand,ard devlatlon tha;, 
" 

DM for bath paramelers. Rennie (1984) stated that DM waS a 
. 

rellable method ln expenments ln WhlCh solI N level 
'" 

c 
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wes l~w so that non-fuong plerfts showed SIgne of N deflclency. 

He concluded that DM can be used wlth reasonable confIdence to 

estImate NZ fIxatIon ln fIeld' grown legumes, when the fert1l1zer 

use effIclency of the fIxIng system IS Identlcal ta that of the. 

nBn-flxlng system. l' -Howeve.f.;, the ID method affers greater 
_ r 

sensltlvlty compored to the DH (Ruschel ~!l. 1979; Talbott et 

.!l. 1982; Br,oad~ent n~. 1982), WhlCh IS an edvantage when 

measurlng relatIvely low rates of NZ fIxatIon. Several authors 

have also commented on the hlgher preCISIon of ID estlmates of 

%Ndfa çompared to YIe,ld-,dependent estl~.gtes based on total N 

dlfference (Ruschel ~.!l. 1979; Talbott et al. 1982; Rennle and 

RennIe 1983; Rennle 1984). 

" T~m..ate8 by ARA were always 81giuflcantly lower than 

those by the ,other two methods. A plcture- of the acetylene 

The reductlon through the growlng season 18 'shown ln Tat:e 4. 

8!'lount of NZ flxed ,was calculated by convertlng the rates of 
./~ -, 
1 ---........ 

acetylene reductlon to rate~ N2 reductlon wlth a converSIon 

,~, factor of 3:1, and Integratlng. the dally values for the season 

and adjustlng for clrcadlan varIatIon of the nltrogenas,e enzyme 

'funct Ion. The total amount àf NZ flxed was estimated to be an 

av~raqe 4.46 ta 9.37 mg N/plant. Thus, ARA method gave the 
• 

lowest NZ fIxatIon values and the error was notable due l~ the 

great varlatlon of nltrogenase actIvIty among sifalfa plants. 

These varIatIons may be' explalned by the facts that a ml)(tUl'"e of 

RhIzobIum stralns wes used ln aSSOCIatIon wIth the genetlcai 

, '" 

• 1 

, 1 

~I 
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varIatIons that occur wIthln the slralfs populatlon (Tough and 

Crush 1979). In splte of the VarlBtlons already mentloned, the 

ARA provIdes a useful test for studylng the nItrogenase enzyme 

actIvIty. However, rnsny precautIons are necessary when uSIng the 

ARA for estlmatlng total N2 flxed by slfslfa, and lt 18 possIble 

that stIll further precautIons are requlred. 

EstImates of NZ fl)~atlon From alfalfa grown ln mlxed culture 

waB always slgnlflcantly greater than that grown alone. Under 

these condItIons, the results suggest that grass may stlmulate NZ 

f I x !ft Ion 0 f a If a l f a wh e n bot h are 9 r 0 W n 1 n a s soc lat Ion • ThIS IS 

llkely due to lhe utIllzatlon by the grass of N excreted lnto the 

medIum by the alfalfa. A comprehensIve reVIew of_.alfalfa-grass 

mIxture research showed that legumes secrete nItrogeneous 

materIals that are used effIcIently by aSSDcIated grasses. Thus, 

If the grass 1 removes thlS N From the medIum, there wIll be no 

l nhlb l tory e f fect of these nlt r ogenous compounds on' the N2 

fIxatIon process. 

Our data are conSIstent wI·th the results of others (Ruschel 

et al. 1979; 8roadbent et al. 1982; Talbott !.l~. 1982; Henson 

and ~ e J. cte l 1 984 ; Vas lIa san d Ham 1 9 B 4. ; Co ale ~ al. 1 985) and 

sugge8t that thfi! ID te?hnIque 18 the method that provldes the 

best estlmates compared to the ARA and DM, when tne most precIse 

fIeld meas\:lrements of NZ fIxatIon are needed. However, the 
\: 

s~mIlarIty of the results belween the DM and ID technIques 

suggest that the former may be adequate when resources for 

1 

1 



8 

1 

L 

" 

93 ... 

Isotope e)(perl.ments·~re lImltlng. Also~ the results Indlcated 

that mneed cultures of alfalfa.wlth grass have no detnmental 

.effect on the ablllly of alfalfa to fue NZ, Indeed the presence 

of the grasses may Increase alf~lf8 N2 fl}atlon. 

4.2 fJ.eld atudlea 

4.2.1 Experi.ent III 

[xperlment III was conducted over 8 two year perlod ta 

examIne the sessonal changes ln nltrogenase enzyme actlvJ.ty of 

alfalfa ln pure and mlxed cultures. The other growth varIables 

dry matter,!planl helght, N yleld and N beneflt through the 

vegetatl.ve growth and regrowth ln succeSSIVe harvests were also 

examlned. 

4.2.1.1 5es80nsl changes in the growth and nitrogenase,activity 

of alfalt:a 

The InclusIon of grasses ln the mIxtures dld not have Bny 

sl.gnlflcant effect on dry welght per plant ().f alfalfa 

(fIgure 14). 
..... 

However, ln the second year, dry welghls ln mIxture 

tended to be hlgher than 'În 'pure stand laler ln the season. 

~fter harvest, shoots of the plants regrew slowly up to 9 days. 

From dey 9 to 20 there wes a rapld l"ncrease ln shoot welght whl.ch 

• 
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Vigure 14. Seasonal changes in shoot dry wClght of alfalfa 
plants grown in 1I0no 'and .. i)(ed cultures sampled before shoot 
removal and durlng herbage rcgrowlh ([xperiment III). Values 
sh~wn are lhe relransformcd nalural logarlthm of the means for 
each treatllent. [ach point 15 the mean of fJ ve replicates. 
Arrows indlcale li_e of harvests. 
a. secdlng year, 1983 
b. 8ubseque'nt year, 1984 
Harvest 1 perror_ed 23 July 198'; harvesl 2 performcd 26 August 
1983; harvest J perforllcd S July 1984. 
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reached the lnltlal values by day 30 ln the seedlng year and by 

day 40 ln the second year. Dry welght of a"lfalfa plants Hl the 

second year after harvest was almoet tWlce 9S hl.gh as ln the 

There were no sl1)nlflcaflt dlfference9 ln the 8e890n81 

varIatIon of total nltrogenase actlvlty (TNA) between alfalfa ln 

mono and mlxed stands throughout the e)(perlmental perlod (Fl.gure 

15) • The average TNA of alfalra plants was 383 nmoles 

CZH4/h. plant for the f!rst 36 days and Increased ta 432 nmoles' 

Moreover, tre T NA dec 11 ne(J about 70~ 
('Y~ 

wlthln 48 h. after harvesl for bath years (FIgure 15). 

areir harvest 
1 

There W8S 
ô 

a majo~ recovery of TNA from day 9 to 15, and by 
Ir 

day 23 the activity rose ta B maXImum of 550 nmoles of C2H4/h. 

plant. 1 n 2 y e a l' 0 1 d a 1 fa 1 f apI a n t S t the T NAm e a sur e d l n s p r 1/'yg 

(June 23) averaged 273 nmoles C2H4/h. plant, but decllned 

slgnlflcantly to 28.5 nmoles C2H4/h. plant wlthln 24 h. after 

shoot °removal. However, 20 deys' after harvest the nodule 

actlvlty had returned ta the prevlous levels as measured on June 

23 (FIgure 1Sb). Desplte the Slmllar proportionai decrease of 71 
" 

and 79% ln nodule actlvlty artel' cuttIng ln the s'eedlog year and 

ln the second year plants, respectIvely, the recollery rate of 

alfalfa TNA ln the later was faster than ln the seedlng year and 

reached hlgher levels. 

'. 

. 
The decllne of TNA of alfalfa w1.th herbage r-;moval and l.ts 

~ 
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figure 1S. Seasonal changes in total nitrogenase activity of 
alfalfa plants grown in .ono and mi~ed cultures sa.pIed before 
shoot removal and during herbage regrowth ([xperiment III). 
Values shown are the retraosformed natural logarithll of the lIeaos 
for each treal.ent. [ach poi nt, is the lIean of fi ve replicates. 
Arrows indlcale ti.e of harvesls. 
a. seeding year. 1983 
b. subsequenl ye8r, 198~ 
Harvesl 1 perforaed 23 July 1983; harvest 2 perfor.ed 26 Auguat 
1983; harvest 3 perfor.ed ~ July 198~. 
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r~covery' wlth the onset and extent of the vegetatIve regrowth 
Il 

were SlmIlar to that observed ln whIte clover (Mous'lafa .!!l.!!. 

1969; SInclaIr 1972) and Blmllar to the effect of stem glfdllng 

• 
ln soybean (Hardy and Havelka 1915) and shadlng ln peas (Raponen 

1970) • In fact, removal of stems and leav~s Interrupts the 

aupply of current photosynthate that are essentlal for nodule 

formatIon, fu~ctlon (Butler ~~. 1959; Whlteman 1970), 

maIntenance (Moustafa ~~. 1969; Vance et al. 1979; Cralle and 

Helchel 1981), Illustrates the Interdependence of N2 fIxatIon and 

canopy photosynthato capaclty. The rapld decllne ln TNA of 

al~alfa plants supports the substantlal eVldence thot shoot 

removal causes temporary senescence of the nodule and that the 

recovery of nodule actlvlty depends upon vegetatIve regrowth 

(FIgures 15). The reductlon of TNA after harvest IS ln agreement 

w1Lh data obtalned from other legume specles (WJlso~ 1942'; Butler 

.!!!..!.!.. 1959; WhlLeman 1970). However the maIntenance of nodule 

actlvlty at low levels (123.9 nmoles C2H4!h. plant and 60.3 

nmoles C2H4!h. plant ln th~ flrsl and second year, respectlvely) 

pOInts out the role of reserve carbohydrate ln the root, vascular 

system or nodule ln sustalnlng nltrogenase actlvlty, so that the 

capaclty for N2 fIxatIon IS only temporarlly lmpalred. The 

/ 

• recovery of TNA was faster ln the second year of alfalfa than ln 

the flrst year, demonstratlng that the larger root SyS~~ 
aIder alfalfa had greater ablilty ta supply reserve carbohydrates ' 

to vegetatIve regrowth. 

/ 
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The speclflc nodule actlvJ.,ty (SNA) (FIgure 16) showed 8 

pattern psral)_el to that observed for TNA. The nodule 

effectlveness, however, wes almost equal for alfalfa ln pur-e 

stand and for alfalfa 10 aSSocIatIon wlth grasse HarveBt caused 

a s1gnlflcant decrease of SNA 10 the seedlog year. However, ln 2 

year old alfalfa, there was a sllght lncrease 7 days after 

har vest, al t hough the SNA va 1 uea at &pn ng (June 23) were lower 

as compared wlth those artel' harvest (fIgure 16a). ThIS could be 
, 

explalned by the effect of carbohydrate competItIve sink for seed 

formation 
( 

ln late bloom stage of aIfaIfa. ThIS agrees wlth the 

eVldence presented by Cralle and Helchel (1981) that nodules are 

weak sInks compared wlth other tIssues. AIso, the chllllng 

lnjury may.llmll the N2 fIXatIon capablllty after the nodulea 

were exposed to cold wlnter temperatuTes. 

-the rate of recovery of SNA ln seedllngs and ln older plants 

of alfalfa waB pf'oportlonal to the rate of he,rbage regrowth 
\ 

.... 
( r 1 gUI' e 1 4:) • Although the recovery of SNA was fast 1 n both 

cultural systems, the nodule actlvlty ln older alfalfa plants 

reached hlgher values than ln young plants, and the onme trend 

was.also observed for N yleld (fIgure 17). ThIS IS consIstent 
" 

wlth the fa ct that older plants usually fpe more nltrogen by 

symb 1 OSI S t han younger ones. Sheehy et al. (1980) reported that 

any alteratlon ln the photosynthetlc rate over a sufflclently, 

lon~ perlod of plant growth assoclated wlth nodule mass WIll be 

reflected ln the nltrogen accumulatIon From the fIxatIon process. 
' . 

.. 
1 



• 
( -

" 

\ 

• 

'8.0 

, 
7.0 

" 

iI.o 

./'. 5.0 

4.0 

3.0 

>~ 
20 

t:~ >.J:! - . 
~-u :li :1 
...Ici 
:l E 
0 ..... o .. 18.0 Z2: 

ft uU 
iL' 18.0 
~~ 
~:. 14.0 

120 

100 

8 .. 0 

8.0 

4.0 

• 
2.0 

3 
Julv 

b 

99 , 

23 25 2 8 16 23. 
JulV August August 

...-... Alfalla , 
- Alfa". Wlth I"nollly 111 
60---.6 AIf.II. with timolhy 121 
__ Alf.lf. wlth bromegr •• 

l 

12 
July 

25 3 
July Auvust 

\ 

14 2(). 
August August 

'. 
figure 16. Seasonal changes in specif~c nodule activity of 
alfalfa plants grown ln mono and mlxed cultures sa.pled before 
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The srgnlflcant dec/ease of SNA assessments canducted at 
1 

, . . 
August ,23 ,ln the saadI ng yasr, and at August 20 ln the second 

year could be attrlbùted ta decreaslng temperature~d to the 

advanced stage of alfàlfa plants. Extreme temperatures are knawn 

to ieduce nltrogenase §ctlVlty ln nodules of both annual and 

perennlal legumes (Day and Dart 1969; Masterson and Hurphy 1976; 

Munns'~~. 1977). USlng Intact nodules of alf81f8, Day and 

D,rt (1969) found a I1near Increase of nltrogenase actlvlty from 

5 ta 25~C. Whlle Cral1e and Helchel (1982) who pl~tted log! 

nodule actlvlty versus absolute temperature, found a non-llnear 

Increase ln nltrogenase actlvlty between 20 and 35°C. Slmllar 
1 

patterns of InCrea(;le have been reported for the nltrogenase 
" 

actlVltIes of several leg'umes specles (Hardy ~~. 1968). The 

chlllIng ln jury of nodules 'may be related ta the blologlcal 
; 

change of nltrogenase enzyme (Moustafa et !l. 1969) or to rapld 

change ln the membrane permeabiiity of the nodules (levltt 
-

1972). Undoubtedly, the responses 9f nltrogenase enzyme actlvlty 

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

HelChel 1982). 

4.2.1.2 Sea90nal changes in nodule weight of alf81fa .. 

Shoot removal caused no slgnlflcant 10ss of nodule weight ln 

the s~edlng year, however a slgnlflcartt 10ss of nod~le welght wes 

observed ln 2 year old alfalfa after harvest (fIgure 18). 

. ' 
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.. 
The nodule fresh welghL artel' InItIal harvest decl1ned sl1ghtly 

. ~ 

and remained constant from day 2 to 10 and then Increased between .... 
, days 10 ta 30' (FIgure 18a). Nodule weight of ,2 ;,ye8r old 81falfa 

-plants decreased from about an average of 200 mg pel' plant ta 30 

mg pel' pl ant, after shoot r~moval. Thereafter It Increased 

slIghtly until the end of the experiment. In other forage 

legumes, (red claver, whIte clover and blrdsfoot trefoll) 

defollatlon or graZlng has been shawn ta cause shedding of 

nodules with apparent relnfectlon and formatIon of new nodules 

(~Ilson 1942; Butler ~.!!l. 1959; Whlteman 1970). The data from 

seedlng year alfalfa plants ln the present study suggest that 

alfalfa have the abllIty ta adapt ta the stress of shoot rpmovBI 

by. maintaining an unchanged or Sllghtly reduced nodule welght. 

Vance ~~. (1979) reported that the maIntenance of nodule mas~ 

by alfalfa plant after harvest was attnbutable to abtllty of the 

nodules ta contInue growth and the prolonged survlval of a 

functIonal arhc'al meristem on the el~gated nodule. ThIS ma)' be 
c/ 

Important ln explaining why the capaclty of NZ fIxatIon by 

alfalfa IS only temporanly Impalred (FIgure 15), and why alfBlfa 
~ 

has a rapld regrowth potential as compared to, other forage 

1 egumes. The decrease of nodule welght (FIgure 18) encountered 

,ln 2 year old alfaifa after harvest could be attrlbuted to the 

senescence or to the decay of older nodules that had 

overwlntered. 
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4.2.1.J Proflle of the effect of 81f81f8 on grs98 specles 

The aSSocIatIon of alfalfa with grasses lncreaséd grasses 

total nltrogen (TN) concentratIon before and after InItIal 

harvest durlng the seedlng year (Tables 12 and 13) and the 

subsequent year (Tables 14 and 15). However, the Increase of ~ 

TN ln the second year wes more m~rked than the fltst year. The 

enhancement of grasB N content and crude proteln by aSSOCIatIon 

Wlth legumes has prevlously been reported (Dllz and Muider 1962; 

Blrch and Dougal! 1967; HamIlton et al. 1969; Dubbs 1971; 

Chestnutt 1974; Haystead and Lowe 1977; Haystead and Marrlott 

19,78,1979; Cra,lg de Ande et al. 1981; Kroth et- al. 1982; Belzlle 
. 

!!.!!.!. 1983). 
1 

-," 

In the se~dIng year, IN content of grasses grown ln 

a~sociation dld not vary ln the same extent as grasses grown ln 
... 

pure stand, but these values tended ta decrease durlng the 

growlng season. The result Indlcated' that ln the earller stage 

of development, there waB a relatIve abundance of avallable 5011 

N ta support the Initial phase of the growth. However, at the 

end ,of season the depletlon of SOlI N, m81nly under grasses ln 
r 

monoculture resuited ln the reductlon of TN. The InclUSIon of 

alfalfa slgnlflcantly Increased the TN of grasses ln almost aIl 

estlmates, wlth the exception at July 3 ln the seedlng year. 

Although thls InCreaSe did not corcespond to the Increase ln N 
D 

yleld (tlgure 19). ThIS may be due ta the competItIon between 

q 
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Table 12. Total nl.trogen concentration (~) in ~t8 of grasses for t~ various 8OnO lWld .ixed cultures 
S8IIIpled before harvest and during herbage regrowth. in the seed~ng year, 198J (Experi..,.,t III)+. 

. '0 

DeteI'lllnation 

1 2 3 4 5 6 7 
3 Joly 23 July 25 Ju1y 2 Aug • a Aug. 16 Aug. 23 Aug. 

TREAUENT (Total NItrogen ConcentratIon ~) 

TImothy (1) wIth a1fa1fa 3.06a 2.2600 2,09b 2.24b 2.19a l,94b 2.108 
TImothy (2) wIth alfalfa 2.91a 2.31ab 2.248 2.45a 1.BOb 2.358 2.08a 
8romegrass w.lth aHaHa 3.088 2.36a 2.298 2.49a 1.79b 1.B9bc 2.098 

f> 
TImothy (1)++ 3.02a 1.74d J1.86c 2.17b 1.90b 1.77dc 1.82b 
hmothy (2) 2.92a 2.04bc 1.99bc 2.20b 1.48c 1.73d 1.75bc 
Bromegrass 2.80a' 1.9Bed 1.95be 1.8ge 1.55ê 1,10d 1.72e 

Mean 2.97 2.12 2.07 2,24 1,79 1,89 1.92 ~ 

+ SE 0.2B 0.19 0.11 O. 1 (} 0.14 0.09 0.06 

'--

-0 
V'I 

Mean ln a column followed by the S8me let ter 
accordlng to Duncan's Multlple Range Test. 

are not slgnIflcantly different at the 5~ level of probablilty, 

+ Har\lest ~1 performed 23 July 1983; har\lest 2 
++ hmot.tl)i (1) ellltlvar 'ehmax' 

TImothy (2)'e~ltlvar 'salvo' 

~ 

"" 

" 

performed 26 August 1983. / 

~ 

~ 
) 

..,. 
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Table 13. Total nItrogen concentration (~) in roota of grasses for the varioua .uno and .ixed cultures 
s~pled before harvest and during herbage regrowth in the Seedlng year, 1983 (ExperiMent 111)+. 

Determination 
J.. 

1 2 3 ft S 6 
3 July 23 July 2S July B Aug. 16 Aug. 23 Aug. 

TREATHENT 

" 
(Total Nitrogen ConcentratIon :) 

TImothy (1~ wIth alfalfa O.72a 0.71b 0.67ab O.72b 0.64c 0.7Sb 
T~mothy (2) w~t~ alfalfa 0.70a 0.B2ab O.73ab 0.89a O.92a 0.93a 
Bromegrass wIth alfalfa 0.738 O.BOab 0.79a 0.60c O.78bc O.81b 

hmothy (1)+; 0.68a O.70b 0.65bc 0.56c 0.52dc 0.42d 
TImothy (2) 0.59b O.60c O.66b O.49d 0.53d. 0.38d 
Bromegrass O.5Bb D.S7c D.'4c 0.4De 0.5Sd O.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 

, f'~ 

-<:) 
0> 

Mean ln a column fo~lowedby the same letter are nat slgnlficantly dlfferent af the 5% Ip.vel ofprobablllty, 
accordlng to Duncan's MultIple Range Test. 
/ 'Harvest 1 performed 23 July 1983; h~vest 2 p~rformed 26 AUQust 1983. 
++ TImothy (1) cultIvar 'clImax' 

T~mothy (2) cult~var 'salva' 

... 

~~ ... 

( ,) 

p 
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Table 14. Total nitrogen concentrati~ ~~) in shoots of grasses for the various .ana and .ixéd cultures 
s_pled befor~ harvest and during herb~ regrowth in the subsequent year, 1984 (Experilleflt I1I)+. 

~ 

Deter~nation ~ 

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

(Total Nitrogen Concentration :) , 'TREATt€NT 

, . 
TImothy (1) wIth alfalfa 1. BBa O. BBa 2.15b 2.47b 2.50b 2.42b 3.00c 
Tlmot~y (2) wlth alfalfa 1.55b O.92a 2.12b 2.63b 2.67b 2.578b 3.93b 
Bremegrass w~th ~lfalfa 1.58b 0.80a 2.69a 2.98a 3.168 2.80a 4.388 

TImothy (1)++ 1.00d O.35b O.76d 1.50c 1.60c 1.3Sc 1. 'Md 
TImothy (2) 1.00d O.37b 1.12c 1.04d 1.47c l~oéc 1.60d 

-------

-Bromegrass 1.28c O.40b 1.03b 1.61c 1.50c 1.27c 1.70d ·0 

e. 
,Mean 1.38 0.62 1.-98 2.04 2.15 1.91 2.71 
+SE 0.09 0.09 0.16 0.22 0.18 0.20 0.23 

Mean ln a column followed by the same letter are nat slgnlflcantly dlfferent at the 5~ level of probablllty, 
accerdlng te Duncan's MultIple Range Test. 
+ Harvest 3 performed 'July 1984 
++ TImothy (1) cultlvar 'cllmax' 

....... 

TImothy (2) cultlvar: 'salvo'-_--~ 

\ 

", 
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Table 15. Total nitrogen concentration (:) in roots of grasses for the varioua ..,..., .-.d .ixed cultures 
saIIIpled before harvest and during herbage regrowth in the subsequent year, 1984 (Experillent 111)+ • 

• 

Oeteraination 

1 2 3 4 5 6 7 
23 June 5 July 12 July 30 July 3 Aug. 1~ Aug. ~ Aug. 

(Total Nltrogen Concentration'S) TREATflENT , 
T~mothy ft) w~th alfalf8 1.20e 1.01a 1.02a 1.358 1. 31 a 1.0Zab 1.0Bb 
TImothy (2) wlth alfalfa 1.07b 1.03.a 1.179 1.1Bb 1.09ab 1.188 1.16b 
Bromegrass wIth' alfalfa 0.90c n.Bab O.95c 1.01 c O.92b 0.86b 1.518 

hmothy (1)++ ~ 0.2ge O.3Jc D.36i:le O.40d D.Sae O.47c O.53c 
Timothy (2) D.28e 0.J4c O.39d O.40d O.48c 0.42c 0.610 
Bromegrass O.38d o.38c O.30e O.42d O.51c O.4Bc O.47c 

Mean 0.69 0.66 0.70 0.79 0.81 0.73 0.89 
+SE 0.05 0.06 0.05 0.08 0.07 0.13 0.19 

... 
0 
Cl) 

Mean ln a column followed by the,same leller are nat slgnlflcantly dlfferent at the ,~ level of probablilty, 
accordlng ta Duncan'g MultIple Range Test. 
+ Harvest 3 performed 5 July. 1984 
++ T~mothy (1) cultIvar 'clImax' 

Timothy (2) cultIvar 'salvo' 

~ 

, 
/ 
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Figure 19. P~fIles of nltrogen yield of grasses for the varioua 
.ono~~nd .i.e~cultures sampled hefore harvest and during herbage 
regrowth in the seeding year. 1983 ([l'periMent III). Values 
shown aile the retransforMed natural logarith. of the .. eans for 
8ach treatment. [ach point 1a the .ean of five repli~atea. 
Arrowa indicate tiMe of hafvests. 
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b. nttragen yield of root + 
Harvest 1 perfor.ed 23 July 
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the two specles, where ,alfa1fa was the dOmll'I'8nt one. The 

competItIve domInance of legume lS u8ually reported for 

lègume-grass mIxtures, wheo the SOlI N level lS low (TrenbBth 

19'}4, 1976; Haynes 1980). Haynes (1980) repo.rted that at low 

levels of sol1 N, the N2 fIXIng legumcs benefJtled from hlgh 

rates of NZ flxatlon that promotes hIgher growth rates ln 

compaflson ta grasses, WhlCh rely 00 aV811able 8011 N. 

At the second yea't, th!:' difference of IN concentratIon among 

grasses ln aSSOcIatIon and those ln monocullur~ wes more 

pronounced (Tables 14 and 15). rhIS beneflcIRl effect due ta 

sifalfa could be attrlbuted ta lhe addItionsl contributIon of the 

decomposition of nodules and roots durlng aifaifs Iate stages 

beSldes the contlnuou8 excretlon of N compounds From lIVIng 

alfalfa roots durlng the growlng stage. 

Table 16 shows the effect of the alfalfa on the total 

nltrogen content of the SOlI durlog the experlmental perlod., The 

total N content ln the SOlI where alfalfa weB qTown alone or wlth 

\ 
gra8B Increased slgnlflcantly durlng the experlment, but the 

conc~ntratlon of nJtrogen ln the plots where gr889 was grown 

slone decllned slgnJflcantly. Therefore, alfalfs affected the 

sod N conlent prohably wlth the formatIon of a surface organlc 

layer WhICh effe~tlvely contrlbuted ta the nitrogen statuB of the 

sad. Buch and Dougall (1967) also reporLed thBt alfalfa 

Incre~sed N abundant orgenle matter ln the 5011, WhlCh 

effectlvely contrlbuted to the nltrogen statua of the SOlI 

.. 
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Table 16. Total nitrogen concentration (S) in the Boil under 
different ~reat.ent during the experi.entai period, fro. April 198' to 
May 1984 (Experi.ent .III). 

PERIOD 

TREATMENT 

Alfalfa alone 

Alfalfa~~lth grass 

Grass alone 

198' 
April 
(control) 

" 

1984 
April Septe.ber 

(Total Nitrogen Concentration S) 

0.0927 
(.:!:O .'0 145 ) 

0.0927 
(+0.0145) 

0.0927 
(.:!:0.0145) 

0.1105* 
(~O. 0220)' 

0.1050 
(+0.0160) 

" - .. 
0.0850 

(.!.O. 0120) 

0.1100* 
(,:t0.0240) 

0.1040*' 
(.!.0.0130) 

0.1170* 
(~0.0007) 

0.1130*" 
(.!.0.0180) 

~ ~ 

0.0830 0.0770* 
(+0.0100)' (.=.0.0008) 

Esch value ~B the mean of the ten obBervstion~ + the standard er~or of 
, the particular mean value. 

*Signi ficantly di fferent from cont,rol (April 198') P ~ 0.05 • 

• 

\. " 
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~nd leads to an Incre88e ln the dry matter and N y~eld of the 

a880clated gra8s. 

The grasses ln Bssoel at Ion showed excell ent deyelopment 

durlng the spring of 1984 wlth hlgh TN. ThIS 18 expressed ln 

sl.gnlflcant Incre8se ln the N yleld over grasses ln monoculture 

(f l.gure 20). However, ln t.he measuremenl conducled before 

t" 
harvest (July 5, Table 14), when the grasses reached advBnced 

heading stage, the IN concentratIon decllned slgnlflcantly 
. 

reachlng vr:ry 10w level. ThIS reduced markedly the N yleld ln 

both cultural systems. These results mey be due to the fact that 

the chemlcal composItIon of grasses change slqnlflcfHltly wlth 

a d van cel n mat url ty • Ph1l11pS ~~. (1954) studled these 

changes ln chemlcaI composItIon of grass dunng the aprtng, and 

reported a cont1nuous dechne of proteln content and soluble B8h 

w1th a slgnlflcanl Increase ln lIgnln. 

IN concentratIon and N yleld of grasaes qrown alone changed 

slgn~ flcant 1 y oyer t1me. However the change obs~r\led W88 not 8S 

.. 
la r g e, la B wou 1 d b e e )( pee t e d due t 0 de pl et Ion 0 f 801 1 N b Y 9 ra 8 8 

grown ln monoculture (Table 16). The maIntenance of the IN 

content ln gross alonc (TubI es 14 and 15) WhlCh 1 S supported by N 

y1eld ln the second year (fIgure 20), could be attnbuled lo 

m1nerallzed 9011 N and possIble Input of N from outslde of the 

8011_ sysl~m, 'such a~ N ln relnfall, NZ flxed by free lIvIng 

organlsms or posslbly by organlsms assoclated wlth grass roots as 

suggested by many reseachers (Doberelner and Day (1975); De Polh 

D 
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f"igure 2.0. Profiles of nitrogen yield of grasses -"01", the varioue 
.ono and .ixed cultures sa.pled before harveet and during herbage 
regrowth in the subsequent year. 1984 ([xperi.ent III). Valuea 
shoNn are the retransformed natural logarith. of the-.eans for 
each treal.ent. [ach point is the .can of five replicates • 

. ArroNs indicate ti.e of harvests. 
a. nitrog~n yield of shoot 
b. n~trogen yield of root + crown 
Harvesl 1 per"o~med 2' July 1983;' harvest 2 perfor.ed 26 ~ugust 
19~}; harvest , perfor.ed 5 July 1984. 
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!l ~ (1977); Neyra and Doberelner (1977); VaQ Berkum and Bohlool 

(1980); Van 8erkum and Day (1980); Van 8erkum (1980); Boddey et 

.!.!_ (1983); Wanl !l.!l. (1983); Rennie ~!l. (1983); Vase 
1 

( 1983) • However, thlS speèulatlon on aSSOcIatIve N2 fIxatIon ln 

te.mperate grass needa more investIgatIon. 

No signIfle'snt differencea ln N yleld were round among gras8 

speCles grown ln aSSOCIatIon durIng both years, but there -W8S a ,) 

dlfference among grass speCles ln aSSOCIatIon with respect to ~ 

TN (Tables 12 and 14). ThIS difference was nol Lransloled to an 

Increase ln dry welght and N.yleld. The effect of the nsaoclated 

alfalfa on the N concentratIon of grass wes eVldent from the 

carly stage ln the seedlng year. However thls ènhancement dld 

not cause an Increasc ln yleld. The 'beneflclal effect on the 

grass N yield firat became apparent ln the determlnatlon 

performed in 23 June 1984, and contlnued t"hrough aIl of the 

subsequent s9sessments. 

AlI grasses,ln the mIxtures were taller and more v~9orou~ 

~h8n those' grow~ alone (Table 17)~ The pOSSIble explaoatIon for 

thlS result 19 due ta the formatlon of fertIle tIllers (seed 

e t a 11< S) 1 n the g ras SIn m 1 )( 'e d cult ure bec a u 9 eth e r e w a S m 0 r e N 

avallable for growth. When grass wa9 grown alone fertlle bIlera 

d~d not narmally form, and were replaced by productIon of 

secondary Llliers WhlCh were small and less \/lgorous than fertJle, 

ones. Table 17 also shows that thè grass ln aSSOCIatIon h'sd 

fewer t Ille'rs than thBt ln monoculture, but the t,lllers were more 
~ 

l, 

, , 
, , 
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Table 17. Plant height, rulber and weight of tillera of grasses for the various 
.ana and .ixed cultures .. pIed in the amsequent year, 1984 (Experi ..... t III). 

Character 
Pllnt height 

2} June 11\ August 

TREATtENT 

... 
Timothy (1) wlth alfalfa++ 76.7a 
Timothy (2) wlth alfalfa 73.7ab 
Bromegrass wlth alfalfa 71.2b 

• Timothy (1) 
Timothy (2,) 
Bromegrass 

Mean 
+S~ 

44.0c 
42.7cd 
JB.Od 

57.7 
1.10 

45.7ab 
4J.Ob 
50.5b 

20.0c 
19.0c 
19.5c 

33.0 
4.00 

Tiller+ 
2) June 

nulllber weight 
no/aa-ple g/aa.ple 

d 

11.0c O.JOb 
16.0bc 0.4Bb 
18.0abc 0.6Ba 

28.2a 0.4Sb 
27.2a 0.41b 
2J.0.ab 0.,47b 

20.6 0.47 
6.B ,- -.. 

'" 
0.12 . 

\ 

Mean ln e column followed by the same letter are not slgmflcantly:d~ff'irent at 
the 51 level of probability, according to Duocan's Multiple Range Test. 1 
+ Numer and weight of tiller per sample , ... J 
++ TImothy (1) cultIvar 'climax' 

Tlmothy (2) cultIvar 'salvo' 

j' . 

. ' 
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vIgorous and re/ponslble for Increases ln yleld. Other 

greenhouse and fIeld ~llpping studles have shown VarlOUS effects 

on the growth and ChemI?al composItIon of forage plants. 

Increased helght· of the plants at the tlme of cllpplng led to 

hlgher dry matter y~elds of tops and roots (DaVIS 1960; Lang1l1e 

and Warren 1962; Dubbs 1971) and 
l' 

fewer )numbJHB of t lilers per 
f . 

plant (Baker 1957). '-.......-' , 

4.2.2 [xperi.entH IV AND V .. 

4.2.2.1 • H2 fixation, herbage and N yield of alfalfa 

Experiments IV and V were conducted wlth objectIves to 

evaluate the amounts of N transferred from alfalfa ta grass, the 
l' 

sOlI N uptake by alfalfe and grass, and ta measure N2 flxed by 

alfalfa ln mlxed swards under fIeld condItIons. In arder to 

increase the accuracy of aBseSBlng the parameters clted above, 

the isotope dIlutIon techn~que waB utIIlzed ta enrlch the 

percent age o'f atom 15N ln the sOlI. 

Atom ~ 15N excess data of the alfalfa and grasses were 

collected from two expenments ~t several har~est timea hablea 

18,19,20 and 21). Percent 1SN excess ln the alfalfa waB 

slgnlflcantly lower than that of the grasses and demonstrateB 

that the legume was fdong N2 From the aIr. However, the atom ,. 

15N exceBS ln the alfalfa plants ln both cultural systems waB 

'. { 
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Table 18. At_ S ,~ axcess of aIralfa grotrl 10 .ana and .i"ed cultures at 
dlfferent harve8t8~ 1983 to 198~ (ExperilleOt IV). 

Harvest 
YEAR TREA TfENT 

/'-' 
C> 2 , 1 

Jt ") (At_ s 15N excess) 

19&.1 Alfalfa 0.3292ab 0.2915a 
Alfalfa with hlnOthy(1)+ 0.38758 0.24499 
Alfalfa wlth timothy(2) 0.2610b 0.19909 
Alfalfa wIth bromegrB8s O.3230ab 0.2847a 

Mef;m++ O.3266a 'O. 256Sb 
+ SE 0.0320 0.0333 

1984 Al fai fa 0.21Ba 0.08100 
\, 

Alfalfa wJth tlmothy(1) 0.195Jb 0.1016a 
Alfalfa wlth timothy(2) 0.1799c 0.09510 
Alfalfa wJth bromegrsss 0.14BBc 0.09470 

Mean++ 0.1843a 0.094Sb 
+ SE 0.0035 0.0049 

1985 Alfalfa 0.09230 0.0910a 0.0810a 
Alfalfo wJth tUlIOthy(1) 0.0871a 0.0793a 0.0510a 
Alfalfa with tilllOlhy(2) 0.1266a U.OBOJa 0.0590a 
Alfalfa' with bromegr888 0.1J42a 0.0605a 0.07908 

/ 
Mean++ 0.11018 0.0777b O.0657b 
+ SE 0.0298 0.0106 0.0097 

Means ln a column, followed by the 5ame letter are not slgmflcantly dlfferenl 
al the 5~ level of probablhty, accordlng to Ouncar"i's Multlple Range Test. 
+hmothy(1) cultIvar 'chIA8". 

TJmothy(2) cultIvar 'salvo' 
++Means compared horlzontally 

.. 

'" 
/ 

' . 
. , 

" 

, 

~ 
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Tabl~ 19. AtOll S 1~ excess of aIf'aUa gro-.n in ...., and .jxed cultures at 
diff'erent harvests, 1984 ta 19Q5 ([)Cperilleflt V). -

Horvest 
YEAR TREA TfENT 1 2 } 

'(At~ S lSN excess) 

1984 Alfaifa 0.17900 
Al falfa ",ith timothy 0.17830 
Al falfa ",lth bromegra9s 0.1770a 
Al falfa "'1 th tall fescue 0.1723a 

~ .. 
Hean 0.1766 
+ SE 0.0123 

1985 Al fal fa 0.1042a 0.0690a 0.0778s 
Al falfa w!th tlmathy 0.0957b 0.07038 O. 067Sb fi 
Al falfa wl.th brom~r8s9 0.0937b 0.06838 0.0598bc 
Al falfa with tall fescue 0.0927b • 72Ja O.0580c 

Heon+ 0~0966s 0.06990 O.06S7c 
+ SE 0.0022 0.0037 "-- 0.0052 ... 

Mesos ln B column followed by the seme letter are not slgm flcantly dlffer-ent 
at the 5~ level of probablllty, 8ccordl.ng to Duncan's Multlple Range Test. 
+Me ans compared hOrlzontslly 

"le 

• 

-

, -

(' 
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Table 20. Atom ~ 15N exC88S of grasses gro .... ln ~ and IIlXed cultures at 
di frerent harvest~, 1983 ta 1985 (hperl.ent IW. 

Harvest 
YEAR TRtATfENT 1 7. } 

(At~ S 15N excess) 

19~3 Tlmothy(1) wlth alfalfa 0.7726cd 0.6660c 
hmothy(2) wlth alfalfa 0.6273e 1.0234abc 
Bromegrass wIth al falfa 1.09S0b 0.9549bc 
hmothy(l )+ O.8453c 0.8323c 
hmothy(2) O.6985dc 1.4839ab 
Bromegrass 1.2350a 1.5437a 

Mean++ 0.8789b 1.04809. 
+SE 0.0538 0.2037 

, 
1984 T J molhy ( 1) wllh slfalfa 0.79S0bcd O.2338b 

hmolhy(2) wllh al falfa O.7143cd 0.3536b 
Bromegrass wlth aHaHa O.5868d O.3654b 
hmolhy( 1) 1.0498abc O.3378b 

h~~) 1. 1740a O.6986a 
_. Brome a~s 1.0973ab 0.69788 

Me~ 0.9028a O.4478b 
+S . 0.1402 0.0560 

1985 Tl mothy ( 1) wlth aHalfs 0.Z964b O.3122sbc 0:2687cd 
hmothy(2) wlth alfalfa 0.4292a ~2415bc O.~ 
Bromegrass wlth alfalfa O.3622b 0.~350C 0.2435de 
TImothy(1 ) 0.41638 O. 6758 O.395Sab 
TImothy (2) 0.5833a 0.3303ab 0.3400bc 
Bromegrass 0.4481a 0.'3433a 0.44008 

M'ean++ 0.4225a O.3049a 0.3110a 
+5E 0.0237 0.0343 0.0281 

---
Mesns ln a column followed by the same letter are not slgnl~nt1y dlfferenl 
at the 5~ level of probabIlity, accordlng to Ouncan's MultIple Range Test. 
+Tlmothy(l) éultlvar 'clImax' . 

Tlmothy(2) cultIvar 'salva' 
++Means compared horlzontally 

/ 

. . 
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Table 21. Atom: 15N excess of grasses gro~ 10 .ana and .J.Xed cultures at 
d1.fferent horveata, 19~ to 1985 (ExperIlIeflt V). 

Harvest 
YEAR TREA TMENT 1 Z 3 

(Ala. : 1,SN excess) 

1983 Timothy wIth alfal fa 0.3320b 
Bromegrass wlth al fal fa 0.3343b 
Tall fescue wlth aHalfa 0.32S5b 
T 1.mothy 0.3532a 
Bromegrass 0.35608 
Tall fescue 0.35008 

Mean 0.3418 
+ SE 0.0076 -

1984 Timothy w} th alfal fa+ 0.4437b O. JJ20b 0.37J5b 
Bromegrass wlth a1falfa 0.4440b O. J343b 0.3}43bc 
Tall fescue wlth alfalfa 0.4463b 0.3255b 0.3255c 
hmothy 0.51238 0.4030a 0.5528a 
Bromegrass 0.5143a 0.4060a 0.4915a 
Tall fescue 0.51138 0.4115a 0.4885a 

Mean+ 0.47868 0.3687b 0.4276b 
+ SE 0.0195 0.0082 0.0175 - .r: - "~ 

Means 1.n a column followed by tHe same letter are not SlgnJ. flcantly dl fferent 
at the 5~ level of probablhty, accordlng to . Duncan , s Mulllple Range Te~t. 
+Means compared hor 12:ontall y 

.. 

.. 

.J 
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hlgher than the level of natural abundance, show 1 ng that the 
..... \ , 

alfal fa plants took up saIl N and competed sllghtly W 1 t"h the 

grass for mJnerai N mal n 1 y 1 n the seedlng year ln bath 

experlments (Jahles 18 and 19) • In the second and thlrd year 

(Experlment IV) and second yea r (ExpeIlment V) the uptake of 

label 15N nearly obtalned the level cH natural abundance, 

l n dIe a tIn g a, s u b s l a n t laI N 2 f 1 )( a t l'U n fr am the atm 0 S P h e r e b y 

1 
alfalfa planls at lhose limes. 

The 1'JN ennchmenls (alom % 15N excess) of the grasses and 

alfalfa exhlblled dpproxLmately parailei de'cllnes throughout the 

years ln bnth experlments, Wllh lhe exceplIon of harvest 2 

(Expenmenl IV). The decIIne reflecled the effect of plant 

uptake, Imll\oblllZallon lnto sOlI organlc N fracLlons, and gaseous 

and leachlng losses as weIl as release of non-labelled N From 

sOlI organJc matter. The trends ln reductlon of atom ~ 15N 

excess of the grass and legume components can be explalned by the 

r-elatl\/ely constant percentage of aifaifa N denved from fIxatIon 

over. the harvest lImes ln each trIal. The slmllarlty of the 

e n rIe tlm e n t l r end SIn ri ) C.8 les t h a t the s e il son aIs 0 JIN u pla k L 

patterns by the two specles were not dlfferenl enough ta vlolate 

the aSSU'fTlptlon of the 15 N dllulion t>echnlque ta measure N2 

flxatlon. These results provlde prellmlnary eVlnence that the 

grasses used ln""thls sLudy we~e a salJsfaclory control. 

The proportIon of N deflVed From thel!)llmosphere (~ Ndfa) 

ranged From 62 te 78% (average of han/est) ln Experlment IV 
1 

j 
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t (Table 22) and [xp~rlment V (Table 23), respectlvely. There were 

u s ua Il yon 1 y s l 1 9 h t s e 8 son 8 1 v 8 r 1 et Ion s t h r ou q h the e nt 1 r e 

p-e r lad. The crop obtslned the grealest proporllon of N From 

sy-mblOSlS sfter the secdInq ycar, wlth an annual sveroqe about 

B 0 %. fl)( e d N dur ln 9 the sec 0 n d yen r and Ull rd y e a r • 1 n the 

seedlng yeer ln e)(perlment IV, the % Ndfa of 81falf8 plants grown 

ln pure and mlxed stands contolned 62.78% f})ced N' ln the InitIal 

harvest, whIle ln t.he Experlment V the proportIon of N from 

symblosIS rbsched an average of 78.32% N fl)(ed. ThIS dlfference 

wes ,probaly relaled to the ava1lab1l1ly of readdy mlnerallzable 

N ln the saIl durtnq lhe InItIal phaDe of nodulatlon. lN 

ijv8Ileble ronged ~rom 0.10 ta 0.14% Hl lhe profIle al 

establlshment (Table 2). 1 t la weIl eslablIshed that large 

amounts of aV91lahle N reduce NZ fixatIon drastIcally (Dart and 

Mercer 1965j Munns 1968bj Glbson 1974; Summerfleld ct .!!.!. 1977; 

oazzo and Brlll 1978). However, small amounls of aV8110ble N are 

often round to allevJate the N-atress ln the lnltlal phase of 

establ1shment of the symbl..otic process (Glbson and Nutman 1960; 

oart and Wllc10n 1970; GIbson 1974; Lawn and Brun 1974; Dean and 

Clark 1980; Helchel ~ &. 1981; faglesham!:.l &. 19BJ). 

The proportIons of N derlved from the aIr ln these studles 

were much hlgher t.hon those reporled by Helchel!:l al. (1981), 

where the pel'centaQe. N flxed WBS 8pproxlmately 43% ln the flfst 

and fourLh harvesLs and 65~ Jn the second and thIrd harvests. 

The values ln the present trIals ranged from an annuel average of 
; 

1 
.. " ~( 

1 
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Table 22. Percent of nitrogen derived frOll at_phere (S Ndfa) of alfalfa 
grOMn in ~ and aixed culturea al different harv8sts, 1983 to 198~ 
(Expeu.ant IV) 

Percent Nitrogen derived frOll at_phere 
Harvest 

YEM TREA TKNT 1 2 } Mean 
(~) 

1983 Al fal fa 60.78b 64.30b 62.~4 
Al falfa wIth- tJmothy(1)+ ~J. 94b 71.61b 62.77 
Alfalfa wlth tlmothy{2) 61.78b 86.58a 74.18 
Al fal fa Wl th bromegrass 74.649 81.35a 77.99 

Mean++ 62.78b 75.968 69.37 
+ 'SE 3.16 3.00 2.86 

t 

1984 Al falfa 79.688 74.26b 76.95, 
Al falfa with timolhy(1) 81.689 69.89b 75.6~ 
Al falfa wlth tImolhy(2) 84.078 86.01s • 85.04 
Alfalfa wlth bromegra9s 86.418 86.41a 86.41 

-;, 
Mean++ 82.890 79.14b 81.01 
+ SE 2.67 2.72 2.53 

:. 

1985 Al falfa 77.188 75.35a 79.47a 17.56 
Alfslfa with tlmothy(1) 79.098 75.94a 89.09a 81.38 
Al falfa wIth tlmothy(2) 81.18a 75.648 82.268 79.70 
Al falfa wllh bromegrass 70.16a 82.358 82.048 78.18 

Mean++ 17.07b 77 •. nb 83.21a 79.20 
+ SE . 4.43 2.93 1.93 J.56 

/-. 
Means ln a column followed br. the same let ter are ot sIgnIflcantly dlfferent 
at the 5~ 1 eve 1 of probabl Il t)', accordIng to Ouncan's MultIple Range Test. 
+Tlmothy(l) cultIvar 'climax, 

• Ttmothy(2) cultIvar 'salvo' 
++Meana CoMpared horlzontall)' 

\ 

1 

• 

, 

• 
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'';''le 2). Percent of .nitrogen deuved fro.. at..phere (S Ndfa) of alfalfa 
gro ... in .unD and _ixed cultures at different harveata, 1984 to 1985 
(E"peri.mt Y) 

YÉAR TREATtENT 

1984 Al falfa 
Alfalfa wlth timothy 
Al fal fa Wl th bromegraBB 
Al falfa wltn tall fescue 

Mean 
+ SE 

1985 Al fal fa 
Alfèlfa with tlmothy 
Al fal fa Wl th bromegrasa 
Al falfa wi th tqll fescue 

Mean+ 
+ SE 

rercent Nltrogen derived frOM at.usphere 
Harvest 

1 

77 .64b 
77. 89ab 
7B.38ab 
79.37a 

78.32 
0.92 

79.6Ob 
81.31 a 
81.77a 
82.09a 

81.21 c 
0.55 

2 

82.07b 
82.57b 
83.1900 . 
84.16a 

83.02b 
0.92 

CS) 
J 

8S.94b 
87.79a 
87.85a 
88.12a 

87.42a 
0.94 

Mean 

77.64 
77.89 
78.38 
79.37 

78.32 
0 .. 92 

82.56 
83.89 
84.26 
84.82 

~3.89 

0.82 

Meana ln a column followed by the same let ter are nat slgm flcantly dl fferent 
at'the 5% level of probablilty, accordlng tp Ouncan's MultIple Range Teat. 
+Means compared hor~ontally 

" 

.. 

\ 
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,; 

69 to 81~ and 78 to 83~ ln ExperImenta IV and V respectively. 
il 

These val'ues are sImIlor tà thoae of other al:"irdles of mIxtures 

contalnlng slfalfs or other forage legume apecleB, WhlCh Indlcate 

that from 70~ ta almost 100~ of the legume shoot N can be derlved 

from N2 fIxntl()ofl when growlllÇJ wlth gra8s ln mIxture (Haystead and 

Lowe 1977; Valla et !l. 1977; Edmeodes and Goh 1978; Bergeraen 
• 

and Turner 1983; Phllltps ~~. 1983; farla and Ta 1985; West' 

and Wedln 19R5). 

There were slgnIfIcant dlfferences In,the stom ~ 15N e)(c~sa 

of alfalfa g.rown ln mIXtures as compared wlth that ln 

monoculture, speclflcally ln harvest 1 (Experl'ment IV) performed 

ln 1984 (Tahle 1Jl) and harvests 1 and 3 ([xperlmenl V) ln 1985 

(Table 19). A slmllar trend was also observed, when the daté 

t were e-xpressed as ~ Ndfa (Independent yleld CrllerIa). When the 

data were converled ta the amounl of N2 flxed (Tables 24 and 25) 

almost aIl slgnlflcant dl, ferences dIsappcared. The only 

exceptIon observed waB ln harvcst 1 (Table 24) when 81f81fa was 
~ 

grown wlth lhe tlmolhy cultIvar 'Cllmax', the total amount of N2 

fIxed waB slgnIfJcantly lower lhan ln pure stands. Therefore, 

9 r o·w 1 n gal fa l f a Ina fi soc lat Ion w l t h the 9 ras s d l d no t r e duc eth e -

actlvlty of N2 fIXallon by alfalfa. 

The f\H slgnlflcanl dlfferences detecled ln the otom ~ l'lN 

ex€css and proportIon of'~Ndfa from alfalfa grown ln mlxtures aa 

compared wlth that ln pure stand ln the fIeld and -greenhouse 

showed re valldlty of the Isotope dllutlon technl~ue 

'. 

.' . 

) 

, , 
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Table 24. AIIount of nitrogen' fixed by alfal,.. plante ~ grCMl in mno ..-.d 
aixed cultures lit dif"erent harveats, 190J to 1905 (Experi.ent IV). 

YEAR TREATt«:NT 

1983 Al falfa 
Alfalfa wlth tImothy(1)+ 
Al falfa w~th tImothy(2) 
Al falfa wlth bromegr8Bs 

Mean++ 
+5f 

1984 Al f8lfa 
Al falfa wlth tImothy( 1 ) 
Alf8lfa wlth tImoth'y(2) 
Al falfa wI,th bromegr898 

Me8n++· 
+5f 

1985 Al (alfa 
Alfalfa 'wlth tImoth)(1 ) 
Alfalfs w~th tImothy(2) 
Alfalfa wlth bromegras8 

He8n++ 
+5f 

1 

42. 75ab 
34.59b 
40;41ab 
56.17a 

2 

40.65a 
46.17a 
51.198 
60.27a 

43.48a 49. 57a 
6.12 8.53 

154.01a 
123.388 
137.398 
121.448 

134.058 
25.29 

122.448 
133.14a 
118.048 
102.668 

115.618 
ln.68a 
131.838 
124.56a 

~ 
123.94a 
35.49 

63.97& 
53.608 
60.52& 
55.55& 

H2 fixed 
Hsrvest , 
(kg/ha) 

44.30a 
65.018 
45.400 
42.150 

119.06a 55.91b 49.21b 
26.30 13.85 10.95 tr 

Tot·al""'" 

83' •• Ob 
80.76b 
91.60ab 

116 •• 4a 

9'.OSb 
8.41 

269.62a 
247.068 
269.22a 
246.008 

258.00a 
40.81 

230.718 
251.758 
223.96a 
200.36a 

226.70& 
41.38 

Means ~n a column followed by the same letter are not s1gnl flcantly 
dlfferent at the 5~ lével of probabl 11 ty, acconhng to Duncan'e MultIple 
Range Test. 
+T lInothy (1) cuH 1 var t c 11_ax t 

hmothy (2) cu 1 II var • salvo' 
++Ma&ns compared hor lZ onta11 y 
+++TQtal annual (meona) compared vertlcally. 

li 

.' . 

, 
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T.able 25. Mori of nitrogen fixed by 81falfa planta when groll«l in .anD and 
aixed culturea st different harvesta, 19M to 1985 ([xperi .... t Y). 

Ni fixed 
YEAR TREATŒNT Harveat 

1 2 ) Tota1++ 
(kg/ha) 

'", 
1984 Alfal fa 40.698 40.69a 

Alfalfa with timothy 44.798 44.79a 
Alfalfa wlth bromegra98 43.27a 43.27a 
Alfal fa w!th tell fescue 49.56a 49. S6a 

-.. 

Mean 44.5B 44. SBb 
+SE 6.55 6.SS 

198~ Al fal fa 1-24. na 70.06a 46.44a 241.2)a 
Alfal fa wlth tlmothy 114.63a 74.26a 46.22a 2JS.11a 
Alfalfa wlth bromegrass 127.58a 64.16a 52.27a 244.03a 

\ 
AI.fal fa ~llh tall fescue 135.20a 65.2Ba 47.24a 267.72a 

Mean+ 125.5'a 73.44b 48.04c 247.03a 
;tSE 22.79 16.45 14.36 40.79 

, 

Meana ln a column followed by the aame letter are not 81gmflcantly 
dlfferent at the 5~ level of probablilly, Bccord.lng to Dune!," MultIple 
Range Test. 
+Meana compared horlzontally • 
++Tot~l annual (meana) coœpared vertlcally. 

Q' 
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ta 88se88 N2 fIxatIon ln legume-grasB mIxtures, when bath 

dependent and lndependent crIterIa of Yleld were utlllzed to 

88se88 N2 flxation. 

Broadbent ~~. (1982) reporled severe restr'lctlons to the 

use of the Isotope dilution method ln mlxed swards for the 

measurement of NZ f.lxat Ion when comparl8ons are made between the 

legume and non-Iegume ln the mlxlure. Recent etudIee revlewed by 

CheIk (1985) hove shown lhat the Isotope technIque csn be applled 

to the measuremenl of NZ fIXatIon ln aSBOCloled pastures. 

However, B BUltable reference plant ln pure sland 1& requlred to 

.estlmate preclsely the contrIbution of Inrllgenous and SOlI N ta 

the N n4trltlon of the fIXIng plant. In the present study, 

mlXlng alfalfa wllh,.. grass dld not lead ta erroneouo estlmates of 

N2 fIxatIon because sUltable controls were ulillzed wlth close 

uptake of labelled l'N (TRbles 20 and 21); and thus, Bny 

81gnlflcant dlfferences were nol round when the amounts of N2 
• 

flXed were calculated. 

The absolute amounts of N2 flxed by alfalfa ln mono and 

mlXed cultures From [xperlments IV and V,' are Bhown Hl Tables 24 

and 25. In general, there wes s.casonal varlat Ion ln the amount 

of N2 f IXcd. Durlnq the seedIng y~art Rlfalfa plants fixed (an 

a ver age p e r h H r v est) f rom 4 0 • 6 7 t 0 4 2 • 7, k q N / h a and 3 4 • 59 t ,0 

60.27 kg N/ha ln purc and"mlxed slands, respectIvely. 

In the second and thud year, thc alfalfa plants fBed large -

amounts of NZ ln the InItIal harvest. Thereafter t the 

, ., 
'. 

, 
" 

1 
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" 
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amount decllned slgri~flc~ntly durlng the sea80n and reached low 

values comparable to the aeedlng year ln harvest 3 (Experlment 

IV, 1985 and [)t'perIment V. 1985). However, there'WBs only sllght 

varlatlon when the N2 flxed by alfalfa ln mono and mlxed cultures 

were compared. 
j 

The annual pattern of N2 flxatlon showed that alfalfa flxed 

44.58 to 9'.05 kg N/ha durlng the year of establIshment, and as 

much as 224.19 lo i5.8.00 kq N/ha dunng the second and· lhud year 

stands ln bath experlments. The publlshed data on amount of N2 

f 1 X e d b Y 8 1 f a 1 f fi are f e w And v Bry W) ,d e l y • A e Il El ri cf t.I ulm a n (1 9 71 ) 

reported a rale of NZ fIxBtlon of 220 kg N/ha per year for 

e f f e c t IVe 1 yIn 0 C Il l ale d a 1 f a If a plan t s W 1 t h 1'u plo 7 A ~ 0 f P la n t N 

denved from the almosphere. HCIChM!.!.!!..!.. (1981) found an 

average of 148 kg N/ha ln the establishment year wllh 43~ of the 

total ~ yleld derlved from fixatIon. More conservatlve estlmates 

range From 83 to 100 kg N/ha (Erdman And Ure Hee 1953). Recently 
J . ' 

We st 8 n d We d l n (1 9 B 5) r e p 0 rte d ~a n an nua 1 8 mou n t 0 f N 2 fI x e d 0 f 70 
1/1 

kg N/ha wlth a range of 15-136 kg N/ha ln the seedlng year and 

15-122 kg N/ha 10 the 2 year oid slfalfa ln mlxture9 Wlth 

orchardgra88. Slnce alfalfa lS 8 pererinlsl and can produce seven 
, / 

or elghl cutliOgS ln one cllmate. and only two or lhree cultlngs 

ln another, II lB normal lhal esllmales ôf N2 fIxed vary widely 

(Burton 1975). AIso, the amounl of N2 flxed 19 hlghly correl~~,ed 

wlth the percentag~ of Blfalfa ln the sward and wlth alfalfa dry 

matter yleld (~est and Wedln 1985), and It ls'closely 110ked to 
" 

\ 
", '" 

• 

1 
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gr 0 w th rat e 1 n a If al fa (,H el che 1 ~ !.!. 1 981 ) • 
<, 

Tt!e reBults ln thlS InvestigatIon suggest that the am ou nt of 

~lxed and recovered ln the alfalfa shoots ln mono and mlxed 

cultures varled among harvests ln patterns simllar to c~anges ln 

8lf8lfa dry matter (Tables 26 a,-,d 27) and N yIeld (Tables 28 and 

29). As the proportIon of Ndfa remalned relatlvely constant 

through the year wlth sllQht varIation wlthln the year (Tables 22 

and 23), the ma.)or'determlnant of the Flmount of N2 fll(ed was 

Qlfalba DW yleld. 

The aSSociatIon of alfalfa wlth grasses dld not have a 

detrlmental effect on total dry wCIght (DW) and N ylcld pel' 

hectare. 
..; 

The DW and N yleld of alfFll'a ln pure stand, however, 
} 

showed a trend of Improvement over alfalf~ ~n mlXed stands 

(Tables 26, 2.t. 28 and 29). The values ln parentheses 91ve t'he 

o " 

'=ontnbutlon of alfalfa to total DW of)d N peld harvcsted, as 

percentage of lotal herbage and N harvested. Wllhout exceptIon 

the amount of DW and N yleld From alfa1'fa to total herbage and N 

harvested was weIl malntalnt=;d throughout the year9, demonstratlng 'f 

a domInant competItIve abllity of ,alfalfa over aSSDclsted gr89s 

ln envlronmcnls wllh low ta medIum tivalloble 6011 N. When 

alfalfa was grown wlth tlmothy, the contrIbutIons of olfalfa DW 

and N yleld to the total annual were superlor to lhat whe'n grown 

wlth bromegrass. These dlfferences were always 8mall and none 

reBched sIgnlflcant proportIons. Nevertheless, when alfalfa W8B 

grown ln aSSOcIatIon wlth bromegrass, the total legume 
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Table 26. Herbage product.ion (DW) of alfalfa groNO in -.no .ixed cultures at 
dif"ferent harvests, 198) to 198~ ([xperillef1t IV). Values 10 parentheses are the 
percent,ages' of the total &nnual herbage harvested. 

Dry WClght (DW) 
YEAR TREATfiENT Ha n'est 

1 2 ) Tot a 1+++ 
(t/ho) 

1983 Alfalfa 3.150 2.18ab 5.33a (100.0) 
Alfalfa wlth tlmothy( 1)+ 2.79ab 1.87e 4.66b (85.2) 
Alfalfa wlth t'lmothy(2) 2.65b 2.04bc ~ 4.69b (86.7) 
Alfalfa wlth bromegress 3.02a 2.29a 5.31 a (84.4) 

Mean++ 2.91a 2.10b 5.01 
+SE 0.26 O.lS 0.29 

1984 Alfalfa 7.32a 4.23a 11.55a (lOQ.O) 
Alfalfawlth timothy(1 ) 6.64a 3.96a ~0.60b (83.9) 
Alfalfa wIth tllnothy(2) 6.90a 3.818 10.71b (83.9) 
Alfalf8 wlth bromegr889 6.59a 3.888 10.47b (80.4) 

Mean++ 6.86a 3.96b 10.83 
1 

'lt-SE 0.64 '0.63 0.52 

1985 Al falfa - 5.400 3.24a 2.380" 11.02e (100.0) 
Alfalfo wlth tlmothy(l) 4.868 2.78a 2.428 10.06a (80.8) 
Al falfa Wl th bmothy(2) 4.488 2.82a 2.388 9.68a (78.5) 
Aifaifa wlth bromegrosB 4.62a 2.468 1.94a 9.02a (76.9) 

Mean++ 4.848 2.83b 2.Z8c 9.95 . 
+SE 0.80 0.64 0.79 1.50 

Means ln a column followed by the same letter are not 81gm flcantly dlfferent at 
the 5% levei of probablllly, accord1ng.,lo Duncan's Multlple Range Test. 
+Tlmothy(l) cultIvar 'clImax' 

Tlmothy(2) CUltIvar 'salvo' 
++Means compared hOrlzontally 
+++Total productIon (means) compared vertIcall y -4. 

-, 

/ 
~---""-,,,/ "'"'"\ 

o 
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Table 27. Herbage productIon (ON) of alfalfa grown in IDOO and .ixed cultures at 
different harvests, 1984 to 1985 (Experi~t V). Values in parentheses are the 
percent-"' Df the tDtol ~~l "'C harvested. 

YEAR TREAnENT 

1984 Alfalfa 
Alfalfa wlth timothy 
Al falfa Wl th bromegrass 
al falfa wlth tall fescue 

Mean 
+SE 

1985 Al falfa 
Al falfa wlth tlmothy 
Al falfa wlth bromegrass , 
Al falfa wllh ta11 fescue 

Mean+ 
+SE 

1 

2.13a 
1.99a 
1.83a 
1.99a 

1.98 
0.45 

5.48a 
4.40a 
5.22a 
5.26a 

5.09a 
0.81 

Dry welght (ow) 
Harvest 

2 J 
(t/ha) 

2,.52a 1.44a 
2.57a 1 .. 51a 
2.47a 1.64a 
2.98a 1.47a 

2.63b 1.51c 
0.55 0.35 

90taI++ 

2.13e ,(100.0) 
1.998 (93.8) 
1.83a (85.5) 
1.99a (94.3) 

1.98 
0.45 ,-

9.44a (100.0) 
8.48a (87.9) 
9.33a (79.8) 
9.71 a (90.,0) 

9.24 
1.10 

Means ln a column followed by the same 1etter are not signlflcantly dlfferent at 
the 5~ level of probablllty, accordlng ta Duncan's MultIple Range Test • 
.... eans compared honzontall y 
++Total productIon (means) compared vertlcally 

l' 
1 

, 
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Table 28. Nitr6gen yield of alfalfa grown in l1OOO and lIixed culturea at different 
harvests, 1983 ta 1985 (Experi.ant IV). Values ln parent~s are the percent ages 
of the total annual nitrogen harvested. 

N Yield 
YEAR TREA TtoENT Harvest 

1 2 3 Total+++ 
(kg/ha) 

,1983 Al fal fa - 64.55a 62.35a 126.90b (100.0)' 
Al falfa Wl th llmothy( 1)+ 57.64b 62.49a 120.Db (87.1) 
Al falfa w!th tlmothy(Z) 61.57 ab 65.60a 127.17b '(89.3) 
Al falfa wlth bromegrass 72.06a 

" 
71.048 143.1 Da (86.7) 

, 
Mean++ 63.95a 65 •• 0a 129.33 
+SE 7.90 6.59 10.21 

'} 

1984 Al fal fa 185.118 165.738 350.84a (100.0) 
Al falfa wlth tlmothy(1) 146.35b 162.71a 308. 06 ab (87.6) 
Al falfa wlth tlmothy(2) 170.60a 130.41 a 301.01b (85.2) 
Al falfa Wl th bromegrass 148.65a 123.56a 272.21b (80.7) 

Mean++ 162.678 145.35b ~08. 03 
+SE 21.02 29.81 32.21 

3. 

1985 Al falfa 143.308 91.14a 75.74a 310.26a (100.0) 
Al falfa wlth tlmothy(l) 146.048 66.30b--75.82a 288.16a (85.9)' 
Al falfa wlth tlr.lothy(2) 142.72a 74.84ab 6B.36a 285.92a (85.7) 
Al falfa wllh bromegrass 135.448 62.68b 69.86a 267.98a (80.5) 

Mean++ 141. 89a 73.74b 70.94b 28B.08 
+SE 19.54 16.46 25.43 44.31 

Means ~n a C"olumn followed by the sarne let ter are not slgn~flcan~ly different at 
the 5% level of probablllty, accarding to Duncan's MultIple Range Test. 
+hmothy(l) cultIvar 'cllmax' 

hmothy(2) cul'tivar 'salva' 
++Means compared hor lzontall y 
+++Tot81 productIon (means) compared vertlcally 

) 

l 

-
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,Table 29. Nürogen yleld of slfalra grotllO ln lk)f)O and a.llCed culturêS~~t dlfferenl 
harvesta, 1984 to 1985e([.perl.ent V). Values in parentheses are the percentages 
of the total annuel nitrogen haryest~. ' ..... ~'JI-, 

N Yleld 
VE:AR TRfATfoENT Heryest 

1 2 , Total++ 
(kg/ha) 

1984 Alfalfa 52.508 52.50e (100.0) 
Alfelfa wlth tîmothy 59.538 59.53e (91.4) 
Alf8lfa wlth bromegrass 55.328 55.328 (86.1) 
Alfalfa wIth t811 fescue 62.618 62.610 (95.2) 

Mean 56.98 56.98 
+SE 8.24 8.24 

J 

1985 Alfalfa 156.65a 85.34e 53.938 295.928 (100.0 ) 
Alfelfa wlth tlmothy 141.368 90.030 52.108 284.090 (91. Z) 
Alfelfe wlth bromegrsss 156.008 17.15e 59.458 292.60a (84.' ) 
Alfelfa with tall fescue 164.68a 101.250 53.598 319.53a (92.2) 

Mesn+ 154.618 88.44b 54.92c 298.03 
+SE 2B.02 19.78 16.34 48.7S 

Mesns ln a column followed by the same letter ere nol signifIcently dlfferent at 
the S~ level of probabIllty, accordlng to Duncan's MultIple Range Test • 
..... esos compared horlZontally 
++Tot81 productIon (mesns) compared vertIcally 

, . 
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c.ontrlbutlon to OW .and N yald deo.reased moderate1y ln the thlrd 

4.2.2.2 N tran8feren~e, herbage and N yleld of grass. 

The lSN dllutlon technlque wa8 ut lIlZed to aasess tbe 

proport Ion of N tranBtJ.erred from alfa1 fa to g1"a88 when b,loth were 

grown ln aSSocIatIon. Bath specles recelved N fl'-om the sol1 pool~ 

WhICh"wss labellcd wlth 15N. Howe"er~ alfalfa plants also 

obtalned N2 from the almosphere by fIxatIon and qr.<3sses ln 

mIxture beneflticd from N released by the assoclaled alfalfa. 

Thls addItlonsl N source wlll dlll1te the labelled 15N where gte9s 

1.8 grown ln mIxture. ASI;lUmlng that the ratIO of the Isotope 

(1.5N) of sod-denved N 19 sImJlar ta bolh crops, the percentage 

a f N t r an B fer r e d w a s cal cul a t e d f r am the dl' f fer e n c e 0 fIS 0 top 1 C 

composItIon of grass plant tIssues 10 ml)ced culture, wlth those 

ln pure Btand as reference values. 

P e r ce n t a t am 1 5 N e)( ces SIn the al f a If a ,ln pur est and and 

rn1.xture was supenor ta the normal ahundance level, showlng that 

/".f:~ alfalfa took up soJ! N and competed wlth the BSSoclsted grass 

for mIneraI N ln the establIshment year <Tables 18 l\nd 19), but 

" 
ln the subsequent years the lcgume contrlbuted sorne fu/cd Nzto 

the grasse In almost a 1'1 Instances, grass atom ~ 15N cl/cess wes 
< , 

lower ln the ml )Ctures t"lln ln pure sland (Tables 20 and 21) WhlCh 

Indlcates that NZ fIxed by alfaifa was transferred from legume 

" 

< • 
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ta aasaclated grasse 

The 1SN enrlchments af the grasses exhlblted Increeses Q.nd 

decl1nes in both expenments through the Beason and yeafs. The 

observed Increages -or reductlons reflected the addItlons1 

a p plI c a t Ions of label 1 5 NIn l h e 9 p r 1 n 9 and the 1 osses of 15ti 

from the avallable 8011 N pool VIa shoot removal (uptake) and 

other proccss (lmmobdlzallon snd leachlng). liowever, the 

sIm lIa rIt Y a f l he e n r 1 c·h men l t r end S 1 fi d 1 C a tes t h a t the s e a 9 one 1 

sOlI N uplake patterns of the grass specles uBed ln thlS study 

were simllar wlth only SlllJhl varlatl-ons. The stom ~ 15N excess 

for the grass ln pure sland provldes sallsfBctory eVldence of 
\ 

thlS f Bct,. 

The proparllon of N tranaferred ta the grass (-Tables JO and 

31) \larIed 8lgnlflcanqy wlth cllpplng lime ln 1983 Bnd 1994. 

In 1985, the dlfferences Hmong harvests were always small and 

ndoe reachéd 91gnl flcance. The ~ of N transferred (~ Nt) ranged 

from an a,'-erege of 16~ ln lnttlal harvest to 4B~ ln the flnel 

harvest· (Expertment IV), whIle ln [xpenment V, the proportion Nt 

renged from an average of 8.0~ ln the seedlng year ta J7.0!O ln 

thE; lest harvest ln 1985. In Exper Iment V, the !'é Nt was lower 

t~iln thal of [)('perlment IV. These VariatIons could be altrlbuled 

ta the dlfference ln avallable solI N ln pach e~perimentfll sIte • 
• 

The analys~s of sOlI prIaI' lo ,the InItIatIon of the trIals showed 

a ~ total avallable N of 0.09~ (+ 0.14) and O.12!'é (=. 0.20) for 

Experlments IV Bnd~ V, respectl\lely • 

• 

\ 
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" 
Table JO. Percent age of nitrogen ln grasses transferred fr_ assoclated 
alfalfa at dlfferent harveeta, 1983 ta 19~5 (Experill8llt IV). 

1 

Nitrogen TJ'-IIn8fer 
Harvest 

YEAR TREAUENT 1 2 3 
(S) 

1983 Tlmothy(1) wlth alfal fa+ 16.11a }O.84b 
Ttmothy(2) wlth alfaIra 16.47a 33.)2ab 
BromegraBB pWl th alfalfa 15.48a 46.90a 

Mean++ 16.02b :n.02a 
..:t SE 5.50 8.31 -

, l' 

1984 Tlmothy(l) wlth alfalf, 29.79a 43.91b 
TImothy (2) wlth alf81'fa 44.718 55.388 
Bromegrass Hl th alfalfa 50.80a 56.85a 

Mean++ 41.76b 

~ + SE 6.48 5.10 . 

1985 Tlmo"thy(1 ) wlth alfel fa 35.94a 23.70s 35.558 
lImothy(2) wlth aUalfa 26.928 \ 34.368 56.628 
Bromegr8ss wlth (lUaI fa 35.9~ 37.70s 54,72a 

1 
,- 1 

Mean++ 32.64a 31.92a 4B~978 
+ SE 4 .. 50 10.84 13.41 

Hesns ln a column followed by the same let ter are not SlgnIflcantly dlfferent 
at the 5S level of probabihty, açcordlng.. to Dunc8n'B MultIple Range Test. 
+Tlmothy(l) cultIvsr 'cll.ax' 

Ttmothy(2) cultIvar 's8lvo' 
" +i-Heans compared hor lZontall y 

1 
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Table ". Percent age of rutrogen in qraa8ea tranarerred rra. 8880ciated 
alfalfâ at d~fferent harveata. 1984 to 198~ ([xperi~t v). 

Nitrogen trana'er 
Harveat 

YEAR TREA Tt'ENT 1 2 , 
~ 

, (S) 
(,t" 

\' 
b 

1984 Timothy wlth alf81'8 7.358 
Bromegr88s wlth 81falf8 7.788 
Tall fescue with alfalfa 8.8'8 

Mean '8.12 
.! SE, 0.87 

1985 TImothy wlth' 81f81fa 
. 

16.47a 25.27a }6.9'8 
'Bromegrass wlth alfalfa 16.8Ba 21.24a '6.71a 
Tall fescue wlth alfalfa 15.S7a 25. 'Ja H.86a 

Hean+ 16.24c 2~.61b 37.1}a 
.:!: Sr , J 5.20 .3.12 2.60 

~eana in a column followed by the S8me latter are not 8lgOl fI'ca:;Jt1 y d Herent 
at the 5~ level of probablilty, accordlng to Duncan's MultIple Range est. 
+Me ans compared horlzontally . 

• 

) 
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.. 
The ~ Nt of· the lhrée gra8s'. specles were 8lmllar, although 

tlmothy cultIvaI: 'Cllmsx" showed 8 81gnlflcant dlsadvantage ln 

the leter regrowth ln harvest 2 at 1984 (Table 30). In genersl, 

aIl grss8 specles benefltted !rom N tr8n~fer From alfalra dUflng 

the entlre perlod. Up to 50% (Experlment IV),and 37~ (Experiment 

V) of the total nltrogen of gros8 ln mlxed 8wards W8S derlved 

from the N2 fIxatIon pracess of a1fa1f8. The ~ N tranaferred W8S 

slgnlfIcant1y lower dUflng the fIrst growth (hafvest 1) ln bath 
~ 

experlmenls, bul it Increased substontlslly thereafter. The 

" 

reaults dld Indlcate that some N lransferenca dld occur barore 

fIrst cuttIng even ln the seedlng year. Thus the transference of 
,< 

N From alfRlfa wos nDt prlmsn1y due ta the sloughlllg off of the 

nodules From alfalfa, nor ta a decay of Its root sy~tem after 

harveat aa auggested by Butler and Bathurst (1956); 01lz and 

Mulder (1962); SImpson (1965). lt mey have, Involved a 

conslderable. degr'ee of N excretlon durlng the growlng season. 

The % Nt obscrved ln both trIals (16.02% and 8.12~) before shoot 

remova1 ln the eeedlng year lB ln agreement With on excretlon 

mec han 1 sm. f a rI s a Il d T a (1 9 8 5) r e p 0 rte d. 't h a t 1 2 ~ 9 f t 0 t 8 1 N 2 

f~xed by alfalfa was transferred ta oSBoclated gross prlor ta 

shoot removal. ThIs porportlon contrlbuted 3.0~ of lhe total N 

yle1d of gr..{iss, WhlCh on an ares baSIS 19 equlvalent ta 1.75 ky 

N/ha. Under hydroponlc'cultu,Ç~e condItions, Te and farlS (1985) 

found that there lS conSlderable release of soluble organlc N 

compounds, m of ammon18, gluta~ate, aspartate 

" 

,, 
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r 
and alanIne In~o the .edium by the lIvIng alfalf8 root nodule 

\ 

8yst em. Chujo ano'Dalmon (1984) reported that a growth 
" ' 

acceleratlon of grass speClee ln SSSOclstlon wlth red claver ln 

the earl y stage of development lS probabl y due tü the absorptIon 

of N compounds excreted dl r'"ectly From the root system of the 

leguma. However due to the apparent operatIon of ~he oxcretlon 

mechanlsm mOlnly whon the planta ore subjected to atress, Butler 

snd Bathûrst (1956); DIlz and Mulder (1962); Henzell (1962); 

SImpson (196S, 1976); Haystead and Marnott (1'978, 1979) 

concluded that a more ~mportant pathway of traneference ln a 
( "~'\ 

legume-grass pasture Inl/olves' the sloughlng off and decompositio-rr-

of légume nodules and root tIssues. 

- On the bOSlS of the present results, It was not possIble ta 

dlstlnguIsh the ~ontribution From dIrect Bxcretlon or N rele8sèd 

from decompasltIan of sloughed off nodules and dead 1'oot 

tl0sues. The data from [)(p~rlment III fJuggest, however, that . 
81folfo planta have the ablllty to adapt to the stresa of shoot 

l'emoval by malr~taInJng an unchanged or slIghlty !.educed nodule 

weight. Vance ~~. (1979) reporled SImIlor results, and 

concluded that the maIntenance of nod4le mass by ~lfalf8 after 

harvest ~as altrlbulable to'· the nodules abll1ty to contInue 

growth wllh the prolonged survll/al of the apIcal meristem ln the 

nodule. It 18 thus suqgested lhat N transference Jn 

al f'a 1 fa - 9 r 0 s s ml x luI' es l S no t mal nI y due t 0 the de a t h 0 f r 0 0 t S 

and nodules tIssue, but l,nl/olves N excretlon durlng the perlod 
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before and after harvest. 

N transfer from alfalfa to grasses ln mlxed stands was 
. 

calculafed as the dlfference between the IsotopIe composItion of 

grass ln mlxture and pure stand under the same SOlI condItIons, 

therefore, the contrIbutIon of N flxed from free-lIvlng, fIxIng 

organlsms or other Input of N from outel de of the 8011 system waa 
J 

consldered to be negllqlble ln thlS InvestIgatIon. The reaults 

ln Tables 32 and 33 clearly showed the eVldence of the beneflt of 

fI X e cf' N 2 0 b t a 1 ne d f rom a 1 f H 1 fat h r 0 u 9 h und erg r 0 und l l' 8 n s fer • 0 n 
A • ...... 

the arca basIs, the amounl of ~ lransferred ranqed from an annual 

total average of 4.S4, 20.16 and 18.64 kg N/ha for the fIrst, 

second and thIrd )leBr, respectIvel)' (ExperIment IV). In 

[xperlment V, the amount of N traneferred from alfolfa to the 

sasoclated gross varled from an average annuol amount of 0.'9 to 

7.39 kg N/hH for the flral and second year, respectlvely (Table 
" 

33) • The fIrst values ([xperlment IV) are equlvalent to 4.9, 7.8 

and 8.1~ of the total annuol amount of N2 fll<,ed by the alfalfa 

and equal to 26.5, 46.9{,\ond 37.8~ of total N )'leld of grosaes ln 

as soc 1 a t Ion • 1 n [x pel' 1 m e fi t V, the t 0 toi 0 n fi u,!J 1 0 mou n t 0 f N 

transferred wos 1ess thon that calculated ln the prevlous trIai. 

ThIS could llkely be explalned by the foct that the alte where 

[xperlment V wos e5tobllshed showed a greater svallablilty of 

901 1 N. 

Tronsfer of N from legume to gras9 18 Imp;Frtant for the 

growth of the graS5, under low N condItIons. ThIS process 

• -

.. 

, . 
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Table '2. A.lunt of rutrogen tranaferred to !he 88aoclated gr88a at . ' 
different harveata, 1983 to 1985 (E)(periMnt IV). 1 

'. 

,t -.unt N trensferred 
YEAR TREATtENT Horv8at 

ri 
1· 2 ' J ToLal+++ 

(kg/ha) 
::t 

,,--
1983 hmothy(1 ) ",!th slfs1fs+ 1.228 2.24b ).46a 

hmothy(2) wlth aHaHs 1.618 1.90b 3.518 
Bromegr8as wlth slfa1fa 1.38s 5.28a 6.66a 

J' Hean++ 1.40a 3.14a 4.54 
+SE - 0.49 1.72 2..-56 

1984 hmothy{ 1) wlth aHaHs 3.0Sb 10.68b 1).7)b 
hmothy(2 ) with aHaHa 4.13ab 14.91ab 19.64ab t. 

Bromegrasa wl~h al falfa 5.72a 21.40a 27.12a 

Me 0 n.++ 4.500 15.66b # 20.16 
+SE {J.58 7.59 8.17 

1985 hmQthy(1) wlth aHaHa 11.72ab 1. J7b 1.81b 14.90b 
hmothy(2) wlth al falfa 8.31b 3.75a 3.47ab 15.53b 
Bromegra88 wlth al fal fa 15.570 5.8% 4.038 25.498 

Meon++ 11 • .860 J.67b J. lOb 18.64 
+SF: 2.02 1.19 0.43 2.91 

Means ln a column followed by the 8ame letter are not slgm flcantly 
dl fferent at the 5~ level of probabl hty, accordlOg to Duncon'a MultIple 
Range Test. . 
+Tlmothy (1), cult IVar 1 c hms)C 1 

TImothy(2) cultIvar 'salvo' 
'. ++Means comparèd hor lZont8'll y 

+++Total transference (mesns) compared vertlcally. 

• , 

L 

.. • 
'-

Cl .. 
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1ab1e n. AIIount of nitrogen transferred to the 888OCÎ8ted gr888 at 
different harvnta, 1984 ta 1985 (Experillent V) • 

.-1 

Mount N t.ransferred 
YEAR TREATŒNT Harveat 1#' 

" 2 , Total++-
{kg/ha} 

1984 Tlmothy wlth alfalf8 0.21b 0.21b " 

Bromegr888 wlth a1falfe 0.70a 0.70a 
Tall fescue wlth 81f81fa 0.27b O.27b 

Mean 0.39 0.39 
+SE 0.11 0.11 

1985 TImothy wlth alfalfe 3.46ab 1.01a 0.4Jb 4.90b 
Bromegress wlth alfalfa 5.46a 3.29a 2.41a 11.168 
Tal1 fescue with alf81fa 2.15b 2.13a 1.829 6. 10 ab 

Meart+ 3.69a 2.14a 1.55b 7.39 
+SE 1.74 0.89 0.77 2.76 

Means in a column followed by the 8ame letter are not slgm flcantly 
dlfferent'at the 5~ level of probablilty, accordlng ta Duncan'e Multlple 
Range Test. 
+Means compared horlzonlal1y 
++Tolal trensference (~e8ne) compered vertlcally • 

• 

( 

.. 

. ' 
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représente s smal~ quantlty of the N2 flxed by the alfalfa and 

allows the grssB plants to grow at a rate similsr to Qr8ss ln 

monoculture. Ol1z and Mulder (1962) quantlfled lransfer of N and 

found thol 1 lo 8~ (fust eut) and 6 to Z2~ (second eut) of the 

N2 flxed wes lransferied ta t~e assocloted grosso Seerqe (1961) 

8Jld SImpson (1965) meoBured tranafer of N aa the amount of N 

excreted by the lequme lnto medIum and found lhet 1 to 4~ of the Jl 

fued NZ was tronsfel'l'ed to lhe qrass. Henzell (1962) reported N 

t.ransfer from lroplcal lequme lo qrass, and round only 0.6 to 
\. 

1.7~ of lhe lolol N2 fl~ed was trBnsferr~d From legume ta the 

grass. Hoysteod and Morrlotl (1979) used the Isotope dJlutlon 

method lo qUlJntlfy N transfcr and Indlcatcd tl10t ot le09t 1. 7~ of 

flxed NZ by whJte clover was trunsferred to ryegruss. 

Broadbent. El!.!. (1982) reported e)(ten91 ve t ronsfer of fi xed 

N2 to grosso Up ta 80% of the N ln ryegl'ass ln mlxed culture W8S 

derlv.ed From the symblollc proceS8 ln ladl·no clover. However, 

they round I1ttlo tronsfer of N l~ 8 relatlvely short term and 

Buggest that several months l~ Involved ln the graduaI 

mlnerallzallon of dead roots and nodule tIssues from the-Iequme 

through mlcroblal actlvlly. Recently, farts and Ta (1985) 
1) 

1 

demof'lstraleri the Importance of N transfer From alf8lfo la llmothy 

ln mlxed slnnds. ThIS tra~sfer Increased wlth limes of cllpplng 

uod contrlbuled 3, Band 25% of lolal N yIeld of tlmothy ln the 

first, second and thlfd cul, respectlvely. Thus, the ombunt of N 
" 

~ tronsferred From alfalfs ta the a9soclated grass, as est'lmoted by' 

, 

" 

• 

e. 
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• Isotope dllutlon technIque ln thlS study was wlthln the ronge 

obtolned by other researchers. 

EVIdence of N tronsfer waB ob8erved for aIl gros8 specles. 

However, there were dlfferences among gr~ss specles ln the omount 

of N lransferred from the alfolfe. 8romegrass was the most 

responSlve specles to N transference wlth slgnl flcant Increases 

ln the total N concentratlon <Tables 34 and 35). Thl a mey be due 

to the fact thet bromegrass has e weIl developed root system, 

better edapted to drought condltons. Abnormal dry condItlons 

that prev81led through to the summers 1984 and 1985, decreased 

the rate of the growth of the grass speCles less adapted to a 

drought envlronment (tImothy and tall fescue) and Influenced 

9IgnlfIcantly theIr Oblllty to take up avaliable N. 

Good contact be~ween roota and large occupatIon of 8011 

volume make more effICIent use of N released from assoclaled 

legumes and SOlI N. CraIg de Anda et &. (1981) and Chujo and 

DOlmon (1984) reported that the roots of grasses and l~gumes were .,. 

'\ tlghtly Intertwined when the'y are grown together, and Bny N 

:/ 

compounds excreted .by legume root nodules would be ropIdly 

absorbed by .gross footS. Henzell (1962) suggested that an 

Increase of N transfer may result from better'competltlve abll,lty 
, 
) 

of the gross components ln the aSSOCIatIon. The advantage 

observcd by bromegrass ln thlS experIment could be relaled ta Its 

greater foot competItIve ablilty and greater adaptabIllly to 

drought condltlons. TImothy and tall fescue, WhlCh are more 

J , .. 
, 

• 1 

,,1 
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Table 14. Total nitrogen concentration (S) of grasses groMO in .ana and 
aixed cultures at di fferent harvests, 198' to 1985 (Expen.ant IV). 

YEAR TREA THENT 

1983 . TImothy (1) Wl th alfal fa+ 
hmothy(2) wlth alfal'a 
Bromegrass w1th al fal fa 
T1mothy(1 ) 
Timothy (2) 
Bromegrass 

Mean++ 
.SE 

1984 TImothy( 1) wlth alfalfa 
Timothy(2) wlth a1fal fa 
Bromegrass wlth alfal fa 
Tlmolhy( 1) 
Tlmothy(2) 
Bromegrass 

, 

Mean++:-.! 
1 

.SE 

1985 Tlmothy( 1) w1th alfalfa 
hmolhy(2) wlth alfalfa 
Bromegrass wlth alfalfa 
Tlmothy(l) 
Tlmothy (2) 
Bromegrass . 

Mea,,++ 
+SE 

Means ln a column followed by the same 
the 5~ level of probablllly, accordlng 
+llmolhy ( 1) cu 1 t1 var ' c hmax ' 

llmothy(2) cult1var 'salva' 
T+Means compared har lzontaU y 

Total nltrogen concentration 
Harvest 

1 2 , 
(~) 

2.28ab 2.100 
2.34a 2.08a 
2.36a 2.10a 
1.72d 1.74b 
2.02b 1.78b 
1.98cd 1.70b 

~.12a 1.92b 

( 0.21 0.06 

, 
,t 

0.91 ab 2.98c 
0.97a 3.90b 
0.82b 4.34a 
0.3Sc 1.S8d 
0.39c 1.60d 
0.40c 1.54d 

0.64b 2.66a 
0.06 0.21 

1.78ab 2.47a '.08b 
1.68b 1.96b '.'lb 
1.95a 2.68a 3.81a 
1.14d 1.60c 1.42d 
1.00d 1.29d 1.3Sd 
1.40c 1.76bc 1.80c 

1.49 1.96 2.43 
0.14 0.23 0.28 

letter are not slqmflcantly dlfferent at 
ta Duncan's Multlple Range Test. 

" 

1 
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Table '5. Total nitrogen coucentration (1) of grasses grm«l in .unD and _illed 
cultures at different harveat, 1984 ta 1985 ([lIperi~ V). 

;; 

Total ndtrogen concentration 
Harvest 

YEAR TREAT~T 1 2 } 

(:) 

1984 Timothy wlth 81fa1f8 2.02b 
8romegra88 wlth al falfa '2.77a 
Tall fescue with alfalfa 2.618 

~, TImothy 1.95b 
Bromegrass 2.09b , 
Tall feElcue 2.04b 

Mean 2.25 
+SE 0.19 

~ 

1985 T lfnothy 2.368 2.46b 2.91b 
Bromegr8ss 1.95b 2.99a 3.76a 
Ta1l fescue 2.458 2.68b .. 2.70b 
Timothy 1.15d 1.43d 1.7Jd 
Btomegra9s -'. 1.55e 1.86c 2.ne 
Tal1 fescue 1.48ed 1.87c 1.83d 

1.83 
ù 

Mean 2.22 2.50 
+SE 0.24 0.16 0.19 

Heans ln a c01umn followed by the seme letter are not signl ficantly dl fferent 
at the 5" levei of probabihty, Bccording to Duocan's MultIple Range Test. 

" p 

• l' 

" 
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susceptible specles to drougHt cond1tIons, benefltted from the N 

transference process to a les8er extent than bromegrass. 

Total herbage Yleld of bath grass alone and ln m~xture wlth 

. alfelfa (Tables 36 and 37) lndlcated that 'a11 grass apeClee ln 

pure stands produced hlgher ylelds then those of grasses grown ln 

mlxed stands, prlnclpally ln the flrat and second yeer. In the 

th~rd year stand «(xperlment IV), however, ylelds ln mIxtures 

were equal to pure stands. As the experlment dld nol recelve any 

N fertllizer, these results perhaps lndlcate thst ln the 

e:Jtabllshment year and early stage of development ln the second 

year there wes a relatIve abundance of avallable sOlI N to 

support the growth of the grasses ln pure stand. However, the 

decllne ln the sOlI N avallebIllty by the end of the eeason ln 

the second year, produced the decr~ase of the herbage yleld ln 

f 

the thlrd year. Trenbath (1976) a,nd Haynes (1980) reportée a 

competItIve domInance of legume under low ,solI N aV8l1ablilty, 

where the Grass lS frequently suppressed or has l1ttle 
A 

advantage. However, under hlgh N levels the strong responses of 

the non-1egume usuelly t:auses decreases ln the 1egume growth. 

From the results shown ln Tables 36 and 37, the depletlon of BOIl P 

N resulted ln the reductIon ln the herbage Yleld of grass grown 
, 

ln monoculture, but dld not affect ylelds of grasses ln mIxtures. 

Because total N yleld (Tables 38 and 39) was obtalned from 

herbage yleld X total N concentratIon, lt foll()wed the same trend 

as N content and herbage yleld. As expecled, grass ln 

q 

\ fi 
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Table 16. Herbage production (DW) or gr88888 grollll in ."., .ixed cultul'es at 
different harveste, 198) to 1985 (Experi."..t IV). Yalues in parentheaee are the 
percentagee of the total ..... 1 herbflge harvested. , 

,Ji 

YEAR TREA TMENT 

1983 hmothy( 1) wlth alfalfa+ 
hmolhy (2) wlth alfalfa 
Bromegrass wlth alfalfa 
T lmothy( 1 ) 
hmothy(2 ) 
Bromegrass 

~ 

Mean++ 
+5[ 

1984 hmothy(l ) wlth alfalf8 
" hlnOlhy(2) wlth alfalfa 

Bromegraaa wlth alfalfa 
hmolhy(l ) 
hmolhy(2) 
Bromegrass 

Mean++ 
+5E 

'1985 hmolhy(l ) wllh alfalfa 
hmolhy(2) wlth alfalfa 
Bromegrass wlth eHaIra 
TImothy(1 ) 
T lmothy(2) 
Bromegrass ,; 

Mean++ 
+S[ 

1 

0.33e 
0.38c 
0.44c 
1.4300 
1.17b 
1.790 

O.92a 
0.31 

1.13c 
1.15c 
1.50c 
3.48b 
2.82b 
4.49a 

2.438 
0.54 

1.750 
1.86a 
2.04a 

Ory Welght (ON) 
Harveat 

2 J Tot a 1+++ 
(t/ha) 

O.SOc 0.8le (14.8) 
0.34c 

. .,. 
O.72e (13:3 ) J 

0.54c 0.98c (15.6) 
0.96b 2.39b (100.0) 
0.94b 2.11b (100.0) 
1.43a 3.220 (100.0) 

0.78b 1.70 
0.22 0.46 

0.88al> 2.01e (16.0) 
0.8900 2.04e (16.1) 
1.078 - 2.S7c (19~6) 
0.64b 

i 
4.12b (100.0) 

0.76b 3.S8b (100.0) 
0.50b 4.998 (100.0) 

0.79b 3.22 
0.'27 O.Sl 

/ 
0.310b 0.16b 2.228 (19.2) 
0.510 '\ O.20ab 2.578 (21.5) 
O.50a 0.21a (23.1 ) 

2.42a f O. 29b 0.05e 
~. 758 

':168 (100.0), 
'.98a O.37ab 0.04c 2.39a (100.0)' 

-2.'38a O.43ab 0.06c 2.87a <100.0) 

2.07a O.40b 0.12c 2.60 
0.56 0.14 0.03 0.59 

Heans ln a calumn followed by the same letter are nat slgnlflcantly dlfferent 
the 5~ level af probablilly, accordlng ta Duncafl's Multiple Range T~st. 
+Tlmolhy(l) cultlvar 'c!lmax' 

Tlmothy(2) cultlvar 'salva' 
++Means compared horlZontelly 
+++10tal product lOn (mèans) compared vertlcally 

• 
',' 

" 

àl 

,. 

Ji 
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Ttlble J7~. Herbage productlOQ (DW) of graaaes gro~ in -.no and .1JCed cultures at 
different haryeata, 19M to 1985 (Experillent V). Values in parentheaea are the 
percentagea of the total ...... al herbage hary_tad. 

Dry weight (DW) 
YEAR~ATKNT Harvest , 2 ) Tot.1++ 

(t/ha) 

1984 hmothy wlth aHaHa 0.14be 0.14bc (6.2) 
8romegraaa wlth alfalfa O. J2be 0.)2bc (14.~) 
Ta11 fescue wlth aHaHa 0.12e 0.12c (5.1) 
TllllOthy 0.57& 0.57b (100.0) 
Bromegr888 1.15a 1.15a (100.0) 
T811 fescue O .. 57b 0.57b ( 100.0) 

Hean 0.47 0.47 
,!SE 0.16 0.16 

1985 TUlOthl' wlth alfalfa 0.96b 0.16b ,O.04b 1.16b (12.1) 
Bromegr888s wlth alfalfa 1.69b 0.51b 0.18b 2.Jab (20.2) 
Tall fe8cue witt. alfalfs 0.57b O.J2b 0.17b 1.06b (10.0) 
TilIIOthy 4.898 . O.99a 0.67b 6.55, ( 100.0) 
BromegrasB 5.84a 0.968 0.65b 7.45 (100.0) 
Tal! fescue 5 .• 80a 1.288 1.16a 8.2~8 (100.0) 

~ 

Hean+ ).2Bs 0.7tb O.4Bb 4.47 . 
,!SE 1.00 0.20 0.17 1.17 

Heens ln a column followed b~ the aame letter are not slgmflcantly dlfferent at 
the 5~ level of probabIllty, accordlng to Duncan's MultIple Range Teat. 
+Mesns compared hor lZontall y 
++Total productIon (meena) compared vertIcally 

~ '1 

\ 

( 

, 
~ 

0 

~ 
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Table }B. Nitrogen yield of grasaea grONn in ~ and _lxed culturea at different 
harvesls, 198' to 198~ (ExperiMnt IV). Values ln parenthesea are the percent tiges 
of the total annual nitrogen harv8ated. 

f 

( 

N Yleld 
YEAR TREATKNT Haryest 
~ 

1 2 J Total+++-
(kg/ha) 

1983 hmolhy(l) wllh elfalfa+ 7.36c 10.41c 17.77e (12.9) 
Timothy(2) wlth alfalfa 8.99c 6.96e 15.96e (10.7) 
Bromegrass (lth élfalfa 10.69c 11. êSbe 21.94e (13.3) 
hmolhy(l) 24. S4b 16.6Sb 41.19b (100.0) 
hmothY(2~ 2J.65b 16.2Jb 39.88b (100.0) 
Brom'éqra,s J5.13a 24.449 59. S7a ( 100.0) 

Mea'n++ 18.39a 14.39b n.78 
+SE 6.67 4.17 9.39 

1984 Tlmothy(1) w!th alfaHa 10.22b ,,26.21b 36.43bc (12.4) 
Tlmothy(2) w1th alfalfa 11.17b J5.1?b 46. JOab (14.8) 
Bromegra8s'wlth alfa1fa 12.02b 46.H9 58.59a (19.3) 
hmothy(1) 12.08b 9.63c 21.72d (100.0) 
hmothy(2) 10.60b ll.ne 22.98ed (tUO.O) 
Bromegrass 18.098 7.61e 25.70cd ( 100.0) 

Mean++ 12.J7h' 22.92a 35.29 
+SE 2.53 10.36 lO,n . .. 

1985 hmothy(l ) W1 th al fa1 fa JO.95ab 7.7Sbc 4.89b \. 4J.59b (14.1) 
hmothy(2) wlth alfalfa 31.41ab 9.90sb 6.0Bb 47.39sb (14.3) 
Bromegrass wllh alfslfa 40. J9a 13.28a 8. lBs 61.85s (19. S) 
hmothy(l ) 27.Bab 4.B2c 0.75c :n.37be (100.0) 
hmothy(2) 19,84b 4.82c 0.6Dc 2S.26c (100.0) 
Bromegrass n.JOab 7.66bc 1.lBc 42.1Sb (tOO.O) 

Mean++ ~ 30.628 8.04b 3.61 c 42.27 
+SE 10.55 2.78 1.30 l' .42 

Mesns ln 9 c~lumn follo~~by the same letter are nat slgnlflcantly dlfferent at 
the ~~ level of probablllty, accordlng to Duncan's Multlple Range Test. 
+hmothy(1) cultlvar 'cl1msx' • 

Tlmothy(Z) cultIvar 'salvo' 
++Mesns compared hOrlzontally 
+++TQ~81 productlon (means) compared vertlcslly 

" 

~ 
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Table '9. Nitrogen yield of grasses groNn in".uno and .i~ed cultures st dlffer,ent 
harveats, 19M to 1985 ([xperiaent V). Vslues in parentheaea are the percentagea 
of the total BJ10Ual nitrogen harveated. 

" 

N Yield 
YEAR TREATHENT Harveat 

1 2 ) Totsl++ 
(kg/ha) 

1984 hmothy wlth sHaHa 5.57c S.57c (8.6) 
Bromegra88 wlth alfalfa 8.87~ 8.87c (13.9) 
~all fescue wlth alfalf, '.08c '.08c (4.8) 
TImothy 10.9'bc 10.9'bc (100.0) 
Bromegra8s 23.6Qa 23.60a (100.0) 
Tall fescue 11.56b 11.56b (100.0) 

Mean 10.13 10.13 
+SE 4.14 4.14 

1985 TImothy wlth alralfa 22.26c 3.81d 1.16d 21.29c (8.8) 
Bromegrss8 wlth'alfalf. 32.75bc 15.21bc 6.61dc 54.57bc (15.7) 
Tall fescue with 81falfa 13.8'c 8.55dc 4.69d > 27.07c (7.8) 
TilIIOthy 55.82b 14.15bc 11.63bc 81.6Ob (100.0) 
Bromegra88 91.68a 17.86ab 13.B6b 123.408 (100.0) 
Tall fescue 88~34a 24.05a 21.75a 134.13a ( 100.0) 

Mean+ 50.78a 13.95b 9.95b 14.68 
+SE 21.17 4.63 '.98 24.08 

He8ns, in s column followed by the S8me letter are not 8lgnlflcsntly dlfferent at 
the 5~ level of probabillty, accordlng to Ouncan'a MultIple Range Test. 
+Meana compared horlzontally 
++Total production (mea~8) compared verllcally 
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aSSocIatIon Ylelded more than that of pure stands after.the 

eatabllshment yeer. Thè presence of elfelf8 ceused a 8~~nlflcent 
~' 

1 ne r e a 8 e 0 f ',. N con t en t 0 f gr a 8 sIn ml)C e d cul t ure 1 n con t ra 0 t t 0 

the graoo ln 'pure stond WhlCh 8uffered from the decllne ln 

avallable oOlt N (E)Cperlment IV). In [xperlment V, however, the 

graos ln pure atands ylelded olgnlflcontly mor~ N thon groo~ ln 
~ . 
mIxtures. ThIS could be attrlbuted to the hlgher level of 

ava~lable nltrogen ln the sOlI that supported 0 normal growlh. 

~ 

~.2.2.J Dry .alter and N yieJ~ of cult~r ayate.s 
~. ~ 

;/" 

Annual ·dry welght (DW) Yleld~ are gllven ln Tables 40 and 42 

for each of the 7 cultural systems ln each of the 3 yBars. 

([xpenment IV) and' 2 yBars ([)Cpenment .V). As the InteractIon 

between cultural systems and year were Blgnlflcant, the vslues of 

totsl annual dry. welght and total annuel N yleld presented ln 

Tables 40, 41, 42 and 43 are the seconda l'y effects of both. ON 

harvested aver sIl cultural systems avera~ed 4.32 t/ho ln the 

fIl' S t y e 8 r, 1 n cre II se d SIg nIf l c 8 n t 1 Y t 0 8. 9 S t / ha 1 n the 8 e c 0 nd 

year and decllned 81gnlflcantly to 7.98 t/ha ln the t~lrd year 

( [ )C pel' 1 men t 1 V ) • The 1 a t ter w a 8 due t 0 the 10 weI' y 1 e 1 d s 0 f OM 0 f 

-L: 
~he three grasses ln monoculture ln the second and thlrd harvest 

ln 1985. 

Alfslfa ln pure stand and ln alfalfa-grass mlxtures gave 

hlgher ON ylelds than the grasses (Tables 40 ond 42). Ylelds 

'1 
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1 Table ta. Herbage prodtdion '(DIO =veated frOll different cultural eyJ.t_e 
at eaeh harv ... t, 198" ta 1985 (Expa ... t IV). 

Dry Weight (ON) J. 
Harveet 

YEAR ctI. TURAL SYSTEM 1 2 ) lotal+++ 
Ct/ha) • 

\ 
l. fs 190' Alfal fa 2.18 5.') 

Alfalfa with tl~othy(l)+ '.11 2.37 5.48 , , 
,< 

Alfalfa wlth tlmôthy(2) '.03 2.37 5.40 
Alfal fa WI th bromegrs88 '.47 2.83 6.30 
Timothy(l ) 1.43 0.96 2 .. 39 
Timothy(2) 1.17 O.~ 2.11 
Bromegras8 1.79 1.4 3422 

-Mean++ 2.45· 1.87 4.32 
" LSD (5~) 0.48 ,9.27 0.S8 

'" 1984 Alfalfa 7.32 4.23 11.55 
Alfalfa wlth tlmothy (1 ) 7.77 4.84 f;:J , 12.61 
Alfalfa wlth timothy(2) 8.05 4.69 12.74 

, Alfa1 fa wlth bromegras8 8.06 4.94 B.OO 
Timothy(1 ) 3.47 0:76 4.23 
hmothy(2) 2.82 0.64 3.46 
Broroegrss8 4.50 0.50 5.00 ' 

) ,. Hesn++ 6.00· 2.94 8.94 
lSO (SI> 0.96 0.85 0.81 

1985 Alfalfa 5.42 3.24 2.41 11.07 
Alfalfa wlth tlmolhy(l) 6.68 3.12 2.64 12.44 
Alfalfa wlth tlmolhy(2) 6. J8 3.J4 2.61 12.33 
Alfalfa wlth bromegr~88 \.60 2.94 2.18 11.72 
Tlmothy( 1) "- 2.42 O. }l 0.06 2.79 
TimQthy(2) 1.98 0.38 0.05 2.41 
Bromegrass 2. J6 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 Blgnlflcant dlfference among harvest at the 5l\î level of probablhty, 
8ccordlng ta Lesat SIgnIflcant DIfference Test. 
+Tlmothy(l) cultIvar 'cllMax' 

.. Timolhy(2) cultIvar 'salva' 
\ ++Means compared harlzontally "-.) - +++Tolal annual (mesna) compared vertlcal1y 

1 

.~ 



f 

155 

Table 41.· Nitrogen yield of different cultural ayat ... at eaeh hllrveat, 1983 
~ ta 1985 (Experi.ent IV). .. 

N Yield 
Harveat 

YEAR CUl TURAl SYSTEM 1 2 3 Total+++ 
(kg/ha) 

" 198' Alfalfa 64.56 63.32 127.88 
Alfalfa wlth tlmothy~1)+ 64.98 72.90 1H.88 
Alfalfa wlth tlmothy(2) 71.68 70.68 142.36 
Alfalfa wlth bromegrB88 82.66 B2.26 164.92 

v hmothy( 1 ) 24.52 16.66 41.'18 
hmathy(2 ) 23.62 16.62 40 .• 24 
BromegraBB 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 ( 
t Alfslf8 wlth tlmothy(l) 163.68 187.90 351.58 

, Alfslf8 wlth timothy(2) 183.72 165.58 349.30 
.,. Alfalf8 wlth bromegra88 160.68 176.74 337.32 

Tlmo-thy(l) 12.00 8.56 20.56 
T Imothy( 2) 10.58 12.32 22.90 
BromegraBB 18.06 7.60 25.66 

Me8'n++ 
.. 

105.40 102. JO 207.70 
lSO (5,.) 24.75 29.98 32.82 

1985- Alfelfè ~ 143.92 91.14 76.06 311.12 
Alfelfa wlth tlmdthy(l) 178.44 74.46 82.42 n5. J2, 
Alfalfa wlth tlmolhy(Z) 173.72 84.76 74.98 . Jn.46 

.J , 

Alfalfa wlth bromegrass 175.60 75.88 "69.06 nO.54 
TImothy( 1) 28.46 ~. 10 1.79 35.35 
Tlmothy(2) 20.1~ 4.94 1.66 26.72 
Br:omegrass 34.14 7.72 2.21 44.07 

~ 

Mean++ 107.77* 49.14 43.60 200.51 
LSD (5%) 23.06 16.99 24.91 45.95 

.. 
·Denotes significant dlfference among harvest at the 5~ level of probabl hty, 

.. accordlng to Least Significant DIfference Test • 
+Tlmothy(l) cultIvar 'clImax' , Tlmothy(2) cultIvar 'salvo' .. ... ++Hesns compared horllontal1y 
+++Total annuel (m'an8~ compared vertlcelly 

" : 
'", ~.II 
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Table 42. He~bJIge prodœtion (DV) harveated fr .. different culturill ayat_a 
at each harve.re, 1984 to 1985 ([)(peri .... t Y). 

YEAR Ctl. TURAL SYSTEM 

1984 Al fal fa 
Alfalfa wlth tlmothy 
Alfalfa with bromegra88 
Alfalfa wlth taU feacue 
T ,unothy 
Bromegra88 
Tall fescue 

Mean 
• LSD (5~) 

1985 Alfalfa 
Alfalfa with timothy 
Alfalfa with bromegra88 
Alfalfa wlth tall feacue 
T~lI\Othy 
Qromegra8s 
Tall fescue 

Hean+ 
LSO (5~) 

1 

2.n 
2.12 
2.14 
2.11 
0.57 
1.15 
0.60 

1.54 
0.5} 

5.48 
- 5.36 
6.9p 
5.8} 
4.89 
5.84 
5.80 

5.73* . 
1.91 

Dry Weight (DM) 
Harvest 

2 , 
(t/ha) 

2.52 1.44 
2.n '.55 
2.98 1.'81 
3.30 1.64 
0.99 0.67 
0.96 0.65 
1.28 , 1.17 

2.11 1.28 
0.74 0.47 

., 

*Denotes slgnlflcant dJfference among harvest at 
~ccordlng to LeBst SlgnlfIcant DIfference Test. 
+Me ans compared horlzontally 

the 5~ level 

++Total· annuel (means) compared I,/ert Ieolly' 

'.\ 

Total++ 

(2~' 
2. 2 
2."'4 

• 2.11 
0.57 

-1.15 
0.60 

1.54 
0.53 

9.44 
9.64 

11.69 
10.77 
6.55 
7.45 
8.25 

9.12 
1.70 

of probablllty, 

--.., 1 

v 

" 
" 

, 
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Table 43. Nitrogen yield of different cultural aysta.a at- each harveat, 1984 
ta 1985 (Experi-.nt Y). 

, , 

YEAR CUlTURAl SYSTEM 1 

1984 Al fal fa 52.50 
Alfalfa wlth tlmothy 65.10 
Alfalfa wlth bromegra88 64.20 
Alfalfa wlth tall fe8cue 65.80 
TImothy 10.90 
BromegraBB 23.50 
Tall fescue 11.60 

Mean 41.94 
LSD (5,.) 12.40 

1985 Al falfa 156.60 
Alfalfa wlth tlmothy . 175. JO 
Alfalfa wIth bromegra88 188.51) 
Alfalfa wIth tall fescue 178.50 
TImothy 55.70 
Bromegrs88 91.50 
Tall feacue 88.20 

Mean+ 1 133.47· 
LSD (5,.) 56~6J 

N Yield 
Harv ... t 

2 , 
(kg/ha) 

85.40 5J.90 
9J.90 54~OO 
92.JO 66.00 

109.70 58.JO 
14.10 11.50 
17.80 1 J.80 
23.90 21.60 

62.44 39.87 
23.68 19.48 

Total++ 

52.50 
65.10 
64.20 
65.80 
10.90 
2'.SO 
11.60 

41.94 
12.40 

295.90~ 
323.20 
J46.80 
J46.50 
81.30 

123.10 
133.70 

235.78 
50.69 

*Denotes slgnlflcant dlfference among harvesl at the 5,. level.of probabilIty, 
accordlng to Lesst 51gnlflcant Dlfferenc~~st. 1 

+He ans compared horlzontally 
++Total annual (means) compared vertlcally 
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from alfalfa-grass mIxtures exceeded the ylelds of aifaife grown 

alone, ln majorlty of cuts. However, the dlfferences were always, 

amell and were only slgnlflcant for alfalfa grown ln aSSociatlon' 

wlth bromegrass ln harvest 2 (1983, Experlment IV) and ln harveat 

, (1985, Experlment V). 

Among the t:hree grasses grown ln pure stand, bromegrass was 

slgnlflcantly more productIve ln the InItIal two years, but ln 

the thlrd year thlS dlfference disappeared (Experlment IV). 

However, the total annual forage Yleld of thlS s,pecleo was 

depressed by 69.5% durlng the flrst year, 48.6% ln the second 

year and 4.5% ln the thi rd year of the èxper lment t when 1 t was 

grown ln mIxture wlth Blfalfa. On the othe r hand, ln ml)( tures 

the contrIbutIon of'bromegrass to annual dry welght yleld 

- Increesed from 15.6~ ln lhe flrsl year to 2J.l~ ln the thlrd 
~ 

year (Table 36, Experlment IV).' 

In Experlment V, among the three grass specles grown ln pure 

atand, bromegrass wes slgnlflcantly more produ~tlve durlng the 

flrst yeBr, bu~ at the end of the second year tall ~eBcue proved 
J 

t 0 b e sig nIf 1 ca n t 1 Y mo r e pro duc l 1 ve th B n "b rom e gr B S s' • The t 0 t al 
\ 

1 
annual forage ylcld From these two speclcs, however', was very 

1 
close. Moreover, the contrIbution of bromegrass to annual dry 

weight yleld Imp~ved From 14.5% ln the flrat year ta 20.2% ln 

the' second year 1Table 37). 

N yleld ln alfalfa and alfalfa-grass mIxtures were more than 

, to 4 fold as hl,gh as ln grasses alone - durlng the fust yeor end 

.. 

. . 
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lncreased conslderably ln the followlng year (Table 41 and 43). 

Over the experIments, alfelfa-grasB mIxtures produced more N than 

alfalfa ln monoculture. However, thlS dlfference wos only 

BIgnlflcant ln the flrst year ln both harveBts (Table 41). 

Horeover, among the 81falfa-grass mIxtures there were only 

8lgnlflcant dlfferences durlng the InItIal year. 

The N contrIbutIons of the three grasses to the 

alfalfa-grass mIxtures followed the same trend of dry welght 

productIon. The contrlb~tlon of bromegrass to annusl N yleld weB 

superlor to the other, grass specles. Bromegrass contrlbuted 

13.3% of the total annual N yleld ln the flrst yeer and Increased 

ta 19.5% ln the thlrd year (Table 38, Experlmnet IV). 

The low N yleld of these grasses ln monoculture could be . 
slgnlflcantly Improved by growlng them ln mIxture Wlth' alfalfâ, 

BInee the legume-grass mIxtures reported here contalned more than 

three tImes as much N yleid aB grasses grown alone. Such an 

l,mprovement lB malnly related to the hlgh N content of the 

alfalfa, and olso, ln sorne caSBa to the release of N to grasaes 

From the assoclated legume. The Sllght dlfference ln N yleld 

among the mIxtures ln comparlson to aifai fa ln monoculture> 

reported here seemed ta reflect seasonsl varIatIon ln total dry 
" 

welght productIon relher than N content of the specles. However, 

the major d~fferences ln N yleld among lhe mIxtures as weIl as 

grasses ln monocultures seemed la reflect dlfferences ln both dry 

welght productIon and % N content 'Of the specles. For a hlgh and 

, 
\ -

• 
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nutrltlous forage yleld under temperate condItIons alfalfa should 

be grown ln mIxture wlth grasses because thlS cultural system 

often has greater advantage than IS expected on the beals'of 

performances ln pure stend. Although several explanations have 

been Buggested for thIs, the most ObVIOUS reasons are that the 

alfalfa and grass use dlffere~t N sources, spatIal dlfferences ln 
",'" 

tt\e use of resources (Hart ln and Snaydon 1982) and N transference 

From alfalfa to grass (Ta and Farls 1985). 

2.2.' Co.parlson of .ethods for esti_atlngnN2 fIxation by 

alfalfd 

Nltrogen fIxatIon by alf8lfa grown ln mono and mlxed 

cultures WSB meQsured by three methods (Table 44). As there were 

S 1. 9 nIf 1 c an t dl f fer e n ces . am 0 n 9 me a sur e men t t e c h n 7q u es, cul t ur a "1 

s)<stems and the InteractIon of the8e two varIables, the values 

presented ln Table 44 are the two-way InteractIon and the maIn 

effects of both. DIfference method (OH) and 15N Isotope dIlutIon 

{ID) gave hlgher est Imale::; then .acelylene reductlon aasay (ARA). 

DM and ID gave esllmates of N2 flxallon thet were slgnlflcantly 

dlfferent ln the seedlng year for both cultural syslems. 

s u b s e que n t ( Y e 8 r s , the e stt 1 mat es b y the 8 e t W 0 me l ho d 8 wc r e 

however, t~ showed lower slandard error than DM, 

demonstratlng ~ha~the ID was more preClse to 88sess N2 

fIxatIon. Generelly the assessments of N2 flxatlon by DM 
,,' 

1 n the 

close, 
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Table 44. Slgruhcant two-way interaction .-.d INÙn effecta of l.ethods of , 
estillating N2 fixation and cultural s)'stea8 at each year during 198' to 1985. 
Values in parentheses are the standard error of the .aan for each techmque. 

Cultural systea x Measura.ent technique 
Interaction 

Syste. 

Al fal fa alone 

Alfalfa wIth grass 

LSD (5%) 

Main effects 

Hessuretlent technique al' 
Cultural systeIR 

ARA - Acet y lene reduch'On 

ID - Isotope dllutlon 

DM - Dlfference melhod 

Al fal fa alone 
Alfalfa wIth grass 

'LSD (5%) 

TechnIque 

ARA+ 
ID 
DM 

ARA 
ID 
DM 

+ARA = Acetylene reductlon assay 
ID = Isotope dIlutIon technIque 
DM = Dlfference method 

H2 fixed 
Year 

1983 1984 

2).94 
83.95 
67.77 

24.51 
115.81 
105.51 

3.87 

(kg/ha) 

26.48 
266.90 
288.85 

23.79 
246.44 
~46. 70 

N2 fixed 
Year 

44.14 

1983 1984 
(kg/ha) 

24.22 25.13 
(4.9) (4.7) 
99.88 256.67 

(18.4) (12.0) 
86.64 267. 78 

(21.8) (32.8) 

58.55 194.07 
82.11 172.31 

3.87 44.14 

1985 

229.85 
213.86 

200.34 
255.92 

54.82 

1985 

215.09 
(17." 
234.B9 
(33.97) 

221.85 
228.13 

54.B2 
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e~ceeded those produced by ID • 

• 
The DM sasum'es equal uptal<e of N from the 8011 by fI.x1ng and 

, ) 

, r e fe r e n cep l an t s • In thlS s'tu-dy, durlng the seedlng year, DM 

'underest1mated slgn1f1csntly NZ fl-xatIon' .compare~ to the., 

w-hlle ln t.he followlng years DM overestlmated fIxatIon. ThIS 
, 

çould be due ta a less effIcIent use of solI N by the fIxIng no 

(18 and 19) stom % 15N excess' plants. A)was observed ln Tables 

ln alfalfa plants ln both cultures wes hlgher then the level of 

natural abundapce, showlnq lhat the fIxIng p'lsnt took up SOlI N 
\ 

a~d co~peted silghtly wlth the grass for mIneraI N maInly ln the 

'seedlot;J year. Bole and RennIe (198') claIme.d that the N 

dlfference meLhod has generally underestlmated fl)<sLlon ln the 

fIeld compared to the lsotope dIlutIon method. ~artensBon and 
\' 

, \ \ 

ljunggren (1984) compared t\1e denved total NZ fIXatlon values 

from DM and ID, and concluded the ID gave a 51gnl(Icantly L9wer 
<. 

value C?f N2 f1X~. Boddley !:l.!!l. (1964) found that estlmates of 

NZ fIxatIon by soybean were generally hlgher by the total N 
} 

dl f fe rence me thod, bec ause the upt ake by t-he nodu l!it ed plant 'J W~S 

con SIS l e f) t l Y hl q h e r th an 1q> t a k e ~'Y non - no du 1 ale d S 0 y b e an. . W a 9 n e r 
"-, 

and Zapata (1982) also found fi hlgher uptake qf fertIlller N by 

nodulated so~bean ln the fIeld compared to non-nodulated plants, 

wlth N2 fIxatIon beIng overes,tl·mated by total N dIfference •. The 

relatIve upt.ake of ferlllIzer and/or 50,11 N by fIXIng an'd 

reference plants WIll depend on SOlI, plant and envlronmentel 
/ ... 
fa,cto,fs and mana.gement practlces <qelbert el tl. 1979; VasIlas 

\ 

• 1 
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and Ham 1985). ( 
Independ.ent of the cultural system, the assesaments of N2 

- , 
fU(atlOn by'DM after the InItIal year e)(ceeded those esttmated by 

ID by an ovetall average of 4.15 and 8.43:; ln 1984 and 1985, 

respectlvely, nevertheless, these dlfferences were not 
f 

Slgnl fleants. ThIS ,sugges t s that the DM wIll pro v l de a 

representative N2 fI)(atlon value where the envlronmental 

condltlohS p~rm~t proper development of control pl8nt~ and t~ere 

, 

are no dl fferenees ln uptake of N From so11 or fert IIIzer between 

fIxIng and reference plants. 

AIt hou 9 h man y co m par 1 son s of ID and DM est lm a tes 0 f N 2 

fIxatIon have been made, the results have been Inconslstent. 
1 

However, ln a number of st Udl es good agreement haB beeil obtalned, 

and thlS has lead sorne Investlgators (Broadbent ~ !!,l. 1982; 

PhllllpS ~ El.. 1983) to questIon If the ID offers cleBr 

advantages aller the DM, and whether the extra cost assoclated 

wlth.ID are warranted. Talbotl et al. (1982) noted that 

IndlVldual observatIons of the amounts of N2 flxed by Boybean 

estlmaled hy ID and DM were hlghly correlaled, but Ind1vIdual 

observat Jons of % Ndfa were not as closely relaled. Slmllarly, 

RennJC (1984) obselved th8l sJgnlflcanl relatlonshIps between ID 

and DM estlmates were Frequent, and generally of 8 hJgher 

statlsticai slgnlflcance for the. amounts of NZ flxed lhan for % 

Ndfa. Coale ~ al (1985) comp&'red 10 and DM to quantlfy the l'é 

Ndfa and the absolute amount of N2 flxed. These comparlsons 

\ 
\ 
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showed some slmllanty, but there was a dl fference ln the 

preCISIons of the methods. T he ID cons 1 st ent 1 y showed e lower 

'"' standard deviation than DM for both dependent and lndependent 

yIeH1 crIteria. 

The ID offers greater sensltlvlty compared ta the DM 

(Ruschel et al. 1979), WhlCh .lS an advantage when meaBurl~J( low 

r1tes of fIxatIon assoclated wllh forage grasses (Boddey et al. 

1~) or cereal Buch as wheal (Rennie et al. 1983). Several 

authors have 81so commented on the hlgher precISIon of ID 

eatimates based o,n total N yleld difference (Ruschel ~..!!l. 1979; 

Talbotl !:.!:.. .!!.l. 1982j RennIe and Rennle 1983j Rennle 1984). 

However, ln the absence of eVldence th~t fl)(lng, and reference 

plants up teke the B8me proport Ion of N' from BOIl and/of 

fertillzer, It cannat be assumed that the ID provldes a more 

accurate estlmate of NZ fl)ced compared to the DM. • 
'Iv 

The estlmates by ARA were always 8Ignlflcantly lower than 

those of the other two lechrnque,s. The amount of N2 fu(ed wa9 

calculated as already mentloned ln [xperimenl: II. The total 

amount of N2 fI xed ranged From 23.79 kg N/hB ta 26.48 ' g N/ha. ';' 

In addItIon, lhe ARA esllmate for alfalfa grown ln pure stand wes 

always close lo thal of 81falfs grown ln mlXed stand. Thus, ARA 

method gave lhe lowest N2 fIxalIon esllmates and lhe VIHlutlon 

was nolable due to nItro(jenase acllvIly thut WüS not normally 

dIstrIbuted wIlh no homogenelty of varIance (Appendlx 1). These 

varIatIons a~d low values may be exp18lned by the fact that a 

r 

.1 

, " 



; , 

165 

~- "-

/ 
mIxture of RhIzobium 8troln8 WOB uBed ln 8ss6clatlon wlth the 

genetlcal V8rlatlons that occur wlthln 'the" alfa1fa populatJ.on 

(Tough and Crush 1979). As weIl the loss of nodules and damage 

to the roota durlng, the proceaa of aeparatlon of the root systems 

from the sol1 contnbuted to the Vartatlons. 

Data from th~ greenhouse Bludy {Table 11 r Indlcated that the 

ARA for N2 fl~tlon underestlmates the DM by an ov~all a\lerage 

of 64~. In thlS case, there waB no control plant Involved ln the 

DM, the 1" e for e a v e f est 1 ma lIon a hou 1 d no t b e a f a c t 0 r • ThIS would 

Imply a C2H2:N2 fatlo of near 1.1:1, WhlCh lS almost the same a8 

that measured for 80ybeans (HerrIdqe 19820)., ApplIcatIon of such 
,." 

a ratIo to the ARA estlmate for fIeld grown alfalfa would 91\18 an 

eatlmate of 66.05 kg N/ha and 68.53 kg N/ha ln 1983 and 1984, 

respectlvely, stIll weIl below that of the DM estlmates. In 

splle of the error of eatlmate for N2 fJ)catl~~, under fIeld or 
.,', , , 

greenhouse'l>con~l1tJons And other IImIlations c~ed, the ARA 

pro \1 1 de 8 a use fuI te s-t for 8 t u d yIn 9 the r e la t 1 ve 8 ct 1 VIt Y 0 f the 
'1 

---\ nltrogenase enzyme complex at a speclfIc pOInt ln tlme. 

Estlmates of N? .. f})Catlon from alf81fa qrowrl ln m])(ed stands 

were slgnlflcantly'qreHler lhan for that grown alune ln the 

seedlnq yeor. In the subsequent years, however, there were no 

SIg n J fIC an t d J f f e l (' Il C es he t w e e n the am 0 u nt 0 f N 2 f l x e d b Y 8 J fa 1 fa 

pla n l s gr 0 W ri l f1 mu no and ml xe d cu llu l' es. These data uuqqest 

that lhe grass has no delrlmenlal effect on àl falfa NZ fIxatIon 

and may stlmulale NZ fIXatIon of Blfalfa when both Bre grown ln 

.. 

• 
, ... 
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a880clatlon. CraIg de Anda !l!l (1981) reported,thst the 

IncluSion of grass ln legume mIxtures caueed an Increaee ln the 

N2 fIxatIon of legumes. They explalned that elther lees N IS 

'avsIlsble to the legumes aa a resultb of fast uptakepy grasses, 

'or a possIble excretlon of some actIve sub&tances by the gra88 
>' ) , 

apecles may stlmulate the legume N2 fIxatIon. 

In summary, lt can be concluded From the data presented ln 

thlB report that under low SOlI N elther the 15N dIlutIon 
\ 

technIque or the N dlfference method lB BUltable for quantitatIve 

sssessments of Sym~lotlc NZ fIxatIon. 

consJstent wlth o~er flndlngs (Ruschel 

These results are 

~ .!!l~ 1979; TalboLt et 

!i. 1982; 8roadbent ~~. 1982; Rennle 1984) and 8u~gest that 

the ID lB the method of cholce when the/moet preCl&a fIeld 

measurements are needed. However, glven the addltlonal costs 

assoclated wlth the applJCatlon and analysls of 15N (stom % 15N), 

the OH msy be preferred ln some SItuatIons. 
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5. SUMMARY AND CONCLUSIONS 

ThIS- study Investlgated sorne sspeets related to N2 fIxatIon 

by a1falfa and N transfer to associsted gras8 when grown in 

~lxture, uSlng the 1SN dIlutIon technIque. The seasonal pattern 

of nl~r~gena~e enzyme 8ctIv~ty 81so wes evaluoted by ocetylene 

reductlon asàay through the growth and regrowth time. Dsto were 
J 

collected ln' flve e)(peflments; two were conducted under 

greenhouse condltJOnS, uSlng very 10w N le~el medIum ~nd the 

o.,t he r t h r e e und e r fIe 1 d con dIt Ion s • 

The proportIon of nitrogen derlved,from the atmoshpere (~ 

l Ndfa) showed thot lhroughout the entlre soa90n(8) "Ifalfa plants 

w~re able to flX moat of thelr total N requlrement. The ~ Ndfa 

Increased over the growlng season and ra~ged From 69'.0 to ~J.O~ 

(fIeld studIes) and From 95.0 to 98.0% (greenhouse studles) • 

ThIS waB compatIble wlth the reduction of atom ~ 15N e)(cess o~ 

alfàlfa and grass durlng the e)(perlmental periode Also, thiS 

e)(plalned weIl the relatively small, Increases of % Ndfa Bnd 

IndIcated that alfalfa and grass had an acceptable N ~ptake. 

addItIon, lhe low varIabIllty BBBoClated wlth Bssessmenls of % 

Ndfa lilustrated the usefulness of the 15N dIlutIon method ln 

thIB study. 

In 

The lotal amount of N2 flxed by alfalfa presented a pàttern 

SImIlor to % Ndfo wlth Sllght Increases ln the amount of N2 flxed 

by alfalfa ln aSsocIatIon wlth grasse ~n other words, mlxed 

cullures of alfalfo W 1 th grasB dld nol reduce the apparent , 
actlvlty of legume N2 fl)(all0n, Bnd Il appeared ln sorne cases .. ' . l 

" 
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~ that the presence of ')ross stlmulated alfaifa N2 fIxatIon due to 

4 

e1ther Ies8 N avatlable to le9ume or the excretlon of 

b1010g1cally actIve substances that stlmulsted the legume N2 

f1xatlon. 

Transfer of N from alfslfa to the grass paralleled the N2 

f1x1ng cspaclty of 01falf8 snd Increaaed throughout the season. 

Although N transfer only accounted for 4.0 to 24.0~ (greenhou8e 

,8tudles) and S.O to 8.0~ (fIeld studIes) of the total amount of 

N2 flxed by alfalfa It wes s,lgnlflcant ln ImprovIng the 

productIon of greSB when growil ln mIxture wlth alfal fa. Durlng 

~he InItIal season less than 5.0 kg N/ha waB tronsferred from 

H~falfa to grass, but these values Increased to 20.0 kg N/ha and 

19.0 Kg N/ha ln the second and ot thlrd year, and represented 

about 26.0, 46.0 and 3B.0~ of the total N yleld of gra88 ln 

aSSOCIatIon during those years. The conSIstent percentoge N 
1 

transfer that occurred before InItIal harvest, together wlth.the 

requlrement of maIntenance of the nodule welght by alf81f8 roota, 

Indlcated thst thlS transfer proce8~ lB not totally due to the 

. d e a t h 0 f r 0 0 t Ban d no d u 1 e t 1 S sue a f ter B h oot rem 0 vol but m a y 

Involve a conSIderable degree of N e~cretlon durlng the perlod 

before and after harvest. 

In general, lhe 15N dllullon technIque provlded a useful 

method to meHsure N transfere"nee and showed lhat ail grass 

specIel; IJenefItted Slmllorly From N transfer From olfalfo dunng 

the eotire perIod, alth)U9h specl~ wllh euriler mulurIty .and 

greater competItIve a~J,.ltY were more responsive. ThIS suggests 

) 
• 
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that grasB BpeCleS wlth fast developlng root systems should b~ 
; 

used in alfalfa-grass ml~tures to efflclentfy utillze ovalloble 

N. 

The results on sessonal changes ln nltrogenose enzyMe 

actlvity thot were assoclated wlth nodule weiqht of 8lfalf8 

auggeat thot olfolfo ptants have the oblllty ta mOlntoln the most 
( 

of thelf nodule welght ofte'r the stress of shoot removol. ThIS 

InformatIon may explOln why the capaclty of N2 fIxatIon by 

01folfa 18 only temporanly Impalred, wlth fast recovery of 

nodule a~tlvlty ln few deys. 1 

HerbeQc and N ylelds From alfalfa-gras!l matures e~ceeded 

those produced by each componenl specles grown ln pure stands. 

Thus, alfslfe shou~~ be grown ln mIxtures Wlth grass, and managed 

for hlgh yleld to mOXlmlze N2 fIxatIon, whlle malntalnlng grass 

to efflclently utlllze avallable SOlI N. 

[stlmales of NZ flXatlon, uSlng the N 'dlfference melhod and 

15N dllutlon method were fOlrly SImIlor and larger thon N2 

flxatlon estlmstes by the acelylene reductlon osssy. Under low 

BOIl N levels elther the 15N dIlutIon method or the N dlfference 

method IS nUltable for qlJünlIlatlve essessménts of symblotlc,N2 
~ 

fIxatIon. The 1~N dilul.lon technIque lS the method of chOlce 

when the mU!it ~recise OIeasurement of N2 flxat Ion IS requlred. 

MOI'eover, due tü the coots assoclated wlth the applIcatIon and 

a 
analysls of 1)N, and the slm.llarlty of the results obtalned by 

these two techniques, the N dlfference may be preferred ln many 

SItuatIons. V 
/ 

.' 
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6. ORIGINAL CONTRIBUTIONS TO KNOWLEDGE AND IMPLICATIONS fOR 

fUTURE RESEARCH IN LEGUME-GRASS MI~TUR[S 

" 

Knowledge on the use of 15N dIlutIon method to messure N' 

transfer frgm Iegume to assoclsted gra8s over ,the llfe of r( 

perennial a\falfa-grass mIxtures 18 practlcally non-exIstent. 

The present study lS belleved to be unIque ln thst It lS the 

flrst sttempt to estlmate the magnItude of the beneflclal 

tronafer of N from alf~lfa to graas over tlme. The unlqueness of 

thlS InvestIgatIon lS also related to the fact thbt It descrlbea 

meosurement of NZ flxotlon by alfalfa under ml:ed culture ovèr 

several years. 

2. ThIS la the flrat report to compare the aasessment of NZ 

fIxatIon by alfalfe grown ln mono and mlxed culture, utlIlzlng 
1 

Isotope dilutIon technIques over severel years )t'ith 

InterpretatIon of long term laotope dIlutIon study. 

J. ThIS lS the flrat attempt to report the seasonal changea 

ln nltrogenase enzyme actlvlty of alfalre grown sione and mlxed. 

wlth grass afler succeSSJve harvests under fIeld condIt lona. 

4. It was shown thal alfalfa plants have the abll1ty to 

adapt"" to the stress of shoot removal by maIfüalnlng an unchanged 

nodule welghl wIlh the conclusIon lhat the N2 fIllat Ion pI'ocess 1S 

Impolred only Immedlütely after haI'v~st. ThIS suq!]esls thal the 

~ transfer mechanIsm 19 not only due to the d~composltlon or 

-'" death of roots and nodule tIssue afler cllpplng. ThIS was 

J 

" 
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supported by the flndlng that there wes sorne N ~ransferred before 

the flrst clIpplng ln new stands. ThIS 18 the flrst research 
()' 

t"at su9gests that the N transference From slfalfs ta grssa 
" 

In~olves a conslderable degree of excretlon of soluble N 

compounds by lIvIng roots • 

. The fundamental InformatIon round ln thlB dIssertation Will 

contrlbute to a better understendlng of N2 flxed and released 

Into the envlronment, and the InteractIons that occur wlthln 

alfalfe-grass mixtures. However, several aress were Identifled 

that.need further InvestIgatIon. These areas C9n be summarlzed 

as follows: 

(a) The aSSOCIatIve N2 fIxatIon waB not lncluded ln the 

objectlves of thls study. However, Il WeB auggested from the 

reaulta of Expenment III that eBBoclstH'e N2 fU(atlon was 

contrlbutlng to the N nutrItIon of the grass, The aSSOCIatIve 

flxatlon vlolotes the assumptlon that the reference ~lant does 

not flX nltrogen From the atmosphere. Ta more accurately msssure 

th, N2 fu(stlon by the 15N dllutlon method, aSSoclstlve N2 
• 

fIxatIon should be consldered and Included ln the measurement. 
,~ 

Trunsfer ot N From alfalfa to grasa was demonstrated 

snd quantlfled. FUlther research 19 necessary to determlne the 

through absorptIon 

N whJ;ch ~ obl<lIned by the qrsss:, (.1) 
f - -\ / 

of éxcreted soluble 'N compoJm.ds; (2) 
1 \ 

abjorpt Ion of N ftom nodule and l'Dot 

dlrectly proportlun of lhlS 

Indlrectly through 

breakdown; and (J)"through aSSoclat.J.Ye N2 flxatlon, perhaps 

. . .~ 
'. , , 

î 
.. 
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stlmulated by the presence of the legume. 0 

Cc) • Genersl1y, aIl grsaa BpeCles benefltted From transfer 

\ of N from alfal fa ln the present, study. Howeve r the ear li e r 

Maturlng specles and speCles wlth greater competItIve abIlity 

were Sllghtly more !eSpOnSlve to N tronsfer. Addltlonal re~eQrch 

~s necesssry to ldentlfy the effect of grsss specles and 

cultivars or genotypss wlthln speCles on the amount of N 

transferred. ~ 
( d) Desplte the extensIve use of legumes OB N sources ln 

cropplng systems, relatlvely few mea8urements on relesse of 

avsll~ble N From the decomposltlon, of 1egume resldues Bre 

avallable. ReseBrch on thlB Bubject 19 needed lo clsrlfy the 

Importance of th18 IndIrect patnway of N transfer rr~m 81fa1fa to 

grasse 

-
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Appendix 1. Bartlett test for ho.ogeneityLof variance of alrtalfa variabl~8 in the 
seeding year, 1983 (Experi.ent III). 

Varlable - Nodule fresh weight 
'" 

(-

Source of D.F. Overall Variance 
Variation Mean Minimum Maximum 

Tr'eatmen~ (T) 3 552.7 68044.4 169884.8 
'Oetermlnation (0) 6 585-77.2 21305-6.5-
T ln 0 .... 27 20183.7 211096.3 
~ 

V'ariable - Total nitrogenase activity 

Source of D.F. Overa!! 
Variatlon Mean 

Treatmenl 0) 3 2.68 
Determlnatlon ~b) 6 
T'in D 27 

.1 
Varlable Shoot dry weighJ: 

Source of 
Varlatlon 

Treatment (T) 
Determlnation (0) 
T ~n 0 

.., 

D. F • Ove"i-all. 

3 
6 

27 

Mean 

4.52 

Cl, ",,' 

Variance 
Minimum Maximum 

~ 

1.727 
.0.383 
0.175 

3.946 
4.047 

19.901 

Variance 
Minimun Maximum 

9.574 14.855 
O.96x10- 1 16.322 

. O.J7x10- 1 17.485 -, 
" 

) • 

Bartlett teat value 
actual data tranaformed data+ 

7.81* 
14.51* 
36.3 .. 

0.25- ns 
"2.16 ns 
12.80 na 

Bart!ett test value 
actua! data tranaformed data 

~ 

, 7.67* 
35.69* 

\ 43.05* 

1.86 'ns 
13.10* 
22.97 na 

~" .Bartlett test value 
" 

<, 

actual data transformed data 

2.94 ns 
126.39* 
11'8.66 * 

2.73 ns 
21.25* 
48:56* 
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Appendix 1. Continued ••• "' 4 . 
Variable - Ruut dry weight 

Source of D.t. Overaii V!iriance Bartlett test value 
Varlatlon Mean Mïnimum Maximum actual data transformed ~ata 

: . 
Treatment (T) 3 4.81 4.733 1.204 2.09 ns 2.98 ns , 

DetermInatIon (0) 6 1.395 B.S6B 21.B3* 6.18 ns 
T ln D . 21 0.497 9."847 . ' 34.21* 27.28 ns .. . ~ 

'. -
Varlable - Shoot nitrogen yield 

~ 

, :>J ~. 

Source of D.r. Overall ~ VarIance Bartlett test value , ..: 
VarlBtlon Mean actual data transforme& data " !J: Minlmum Maximum ,.. 

Treatment (T) 3 2.88 0.244 0.451 3.42 ns 2.11 1 

ns -:. 
DeterminatIon (0) 6 -0.525x10- 1 0.207 14.32* 8.70 nS4 
T ln D 21 0.299x10- 2.O.348 63.69* 62.81* _ .... 

Variable - Raot nitragen yield 
.; 

" 
û 

Source of D.r. Overell Variance Bartlett test value 
Vanation Mean Minimum Maximum actual data transformed data 

Treatment (T) 3 1.678 O.J94x10- 1 0.957x'10-1 8.98* 1.46 ns 
DetermInatlpn (D) 6 0.9S7x10~2 O,998r10- 1 29.18* 3.66 na 
T ~n D 27. 0.20~10-2 0.322 60.07* -27.60 ns 

*, = sl.qnlflcant dIfférence at. the 0.-05 leve-r of-pr-oba61lity. 
ns, : no slgn~flcant dlfference. ~ 
+ Analysis of transformed data using natural logarithm. ~ a 
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Appendix. 2. Bartlett test for. ho.ogeneity of variances of al'a11'. variablea in the 
subsequent year, 1984 (Experi.ent III). 

VarIable - Nodule fresh weight 
" 

Source of , D.F. averaI]. Variance 
VarIatIon Mean Minimum Maximum 

Treatment (T) J 378.61 1.12x·10> 3.Z2)C10 5 
Oeterminat~on (D) 5 4.99x10J 2.75)(105 
ï ln 0 23 1;25x103 5.02)(10 5 

Var-l.able Total nitrogenase activity 
'9' 

, 
Source of D.F. Overell 
Var~at~on Mean 

Treatment (1) 3 2.225 
De te rtu n a t 1 0 n (0) 6 
T ~n 0 27 

~ 

Variab~ - Shoot dry weight 

Source of D.F. Overal! 
-41ariat1on Mean 

Treatment (T) 3 ".62 
DeterminatIon (0 ) 6 
T ~n 0 27 

Variance 
M~nimum Maximum 

3.73 ~ 0.10 11. 
0.178x10- 1 17.49 

Varianc~ 
M~nimum Ma)Cimum 

'2.9.88 
0.16 
0.23 

J~ ~ 

51.90 
35.0~ 
80.25 

• 
Bartlett test value 

a'c tuaI dat a tran~forme.d data 

11.5* '0.60 ns 
104.4* 13.10* 
120.6* _ :53.70 ns 

Bartlett test value . 
actuel deta transformed data 

7.6* 1.80 na, 
157.8* 13.00* 
161.8* 35.40 ns 

~artlett test value 
aclual value· - transformed data 

- 2.6 ne 
152.6* 
161.8* 

..--J 

1.20 OS 
9.12 ns 

35. 00 ns 
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Appendix 2. Continued ••• 

\ 

Var1able - Root dry weight 

li, 

Source of D.F. Overall 
Vari.at10n Mean, 

Treatment (T) - 3 8.19 
DetermInatIon (D) 6 

... 

T in 0 27 

Variable - Shoot nitrogen yield 

Source of 
Va'riat l on 

D.F. Overall 
Mean 

Treatment (T) 3 
DetermInatlon (DL- -~ 
T in 0 ____ ---- 27 

-}';02 

VarIable - Root nitrogen yield 

Source of D.F. Overall 
VariatIon Mean 

Treatment (T) J 1.63 
DetermInatIon' (OJ 6 
T ln D 27 

• 

Yari!:lnce 
Minimum Maxi~um 

8.27 12.95 
4.34 17.12 
0.48 ' 26.29 

Variance 
MIni~um Maximum 

0'.11 
0.,25x10-'1 
0.29)(10- 2 

0.41 
0.29 
0.31 

Variance 
Minimum Maximum 

~ 

0.26x10-1 0.78x10- 1 
0.11,,10- 1 0.74x10- 1 
0.20)(10- 2 0.23 

L 

,~ 

• 
~ 

., 

Bartlett test value ~ 
actual data 'transformed data ~ 

1.BO ns 
15.75* 
46.'00* 

2.06 ns /' 
10.80 n~/ 
33.3~/AS -

.------/ 

Bartlett teat value 
actual data transformed'data 

. 
14.11*. 
36.65* 
52.91* 

9.05* 
24.13 l'la 
30.48 na 

Bartlett test 'value 
actual data transformed data 

17.42* 13.10* 
30.80{ 36.57* 
75.84 32.93* 

.-. 
\Q 
W 

~=Slgnl flcant dl-(ferenCi!attlle O--:-rrs-Tevel~or probB6ili ty. 
ns, = no slgnificant difference. 
+ Analysls of transformed data using natural logarIthm. 
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Appendix 3. BBrtlett test for ho.ogeneity or varianees of gra88 variables in the 
eeaing yeBr, 1983 (Experi.ent III). 

Var1able - Sho~ dry,weight 

Source of D.F. Overall 
Variation Mean 

ü 

Treatment (T), 5 1.112 
DeterminBt1on'(0) 6 
T ln D' 41 

Variable -, Root dry weight 

Source of D.t. Oversll 
Var1atiort Mean 

Treatment CT} 5 2.331 
Oeterm1nat10n (0) 6 
T in'D 41 

~Var1able ~. Shoot nitrogen yièld 

D.t. .Overall 
Mean 

T} 5 2.143 
10n (0) 6 

. ,41 . 

" Varian'ce 
Minimum Maximum ., 

O.410x10- 1 3.124 
0.161 4.099 
0.230)110- 1 19.76 

Variance 
Minimum Maximl!m 

0.912 6.762 
2.561 12.673 
O.67x10- 1 13.027 

Variance 
M1nimum Maximum 

o. "73;)(1 0-1 0.236 
~ 0.315x10- 1 0.856)(10- 1 

0.199)110-2 0.162 

Bartlett test value 
actusl data transformed data 

119.5f1' ~ 20.87* 
91.3* "6.90 ns 

335.9* 44.93 ns 

Bartle~t test value 
actual dat transf"ormed dat,a 

92.38* 2.28 ns 
35.49* 8.09 ns 

160.13* 49.00 ns 

Bartlett test value 
actual data tranef"ormed data 

41 

';1 1.69* 1.96 ns· 
9.10 ns 1.56 ns 

146.00* = 33.55 n9 
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" " "Appendix 3. Continued 
~ 

Variable - Root nitroqen yield 

•• 
Source of D.F. Overall 
Variatlon Mean 

lreatment (T) 5 0.691 
Oeterminatlpn (0) 6 
T ln 0 41 

/ 

Variance 
Minimum Maximum 

0.828)(10-2 0.276x10- 1 
0.895x10- 2 0.424x10- 1 
0.199x10~2 0.200x10- 1 

, ,~ 

Bartlett test value 
actual data transformed data 

17.14* 
24. B"6* 
54.'0 ns 

6.20 na 
9.70 ns 

51.09 ns 

*, = slgnlflcant difference atthe 0.05 level of pro&ability. 
ns, = no slgnlflcant dlfference. 

.. -
+ Analysis of transformed data using natural logarIthm. 
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Appendix' 4. Bartiett test for- ho.ogene'ity of ~ariances of gras8 "variables in the 
subsequent year, 1984 (~xperi~ent III). 

~ 

Variable - Shoot ~ry'weight 

Source of D.F. Overall 
Variation Mean 

Treatment (T) 5 1.96 
Determlne t 1. on (D) 6 
T ,ln D 41 

Varlable - Root dry weight 

Soùrce of D.F. Overail 
VariatIon ·Mean 

Treatment (T) 5 6.56 
Deternunatlon (0) 6 
T ln D 41 

Varlable Shoot nitrogen yield 

Source of 
~ariatio'n 

Treetment (T) 
DeterminatIon 
T ln D r 

.. 

-. 

-
(0) 

f">-,-

D.F. Overell 

5 
6 

41 

Mean~ 

1. 76 

Variance 
. M1.nimum Maximum 

0.479 10.937 
0.246 11. 245 
0.700x10- 2 8.455 

1 

Variance 
Minimum Maximum 

1.22~ -32:680 
30.60 61.315 
0.1 [J3 76.587 

Variance 
Minimum M~imum 

0.163 1.22 
0.733x10- 1 1.411 
0.200.,0- 2 l8 . 

~ 

Bartlett test velue 
actual data transformed data 

Bl.1\' 1,5.96 * 
179.0* 9.95* 
179.6* 81'.03* 

f, 

Bartlett test value 
actua,l data transformed data 

115.7* ,13 .. 02* 
29.9* 12.04 ns 

170.6_ 56~OO ns 

~ 

Bartiett test value 
actual data tranèformed data 

59.~7* 5.08 ns 
73.3* 11. 77 ns 

165~.5* 1,25.77* 
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Appendix 4. Continue~ ••• 

Var~able - Root nitrogen yield 

Source of 
Variatl.on 

~. 

Treatment (T)
Determl.natlon (0) 

T~D 

D. F • Overall 
Mel;tn 

5 
6 

41 

0.754 

Variance 
Ml.nimum Maximum 

O.635x10-2 O.613x10- 1 
0.1096 0.191 
0.200 _ 0.167 

Ba-rt let t test value 
actual data transformed data 

62.9* 
4.1 ns 

127.0" 

15,.03 .. 
5.11 ns 

56.92 ns' 

*, = snqroifJ.cantd1fference at the D.OS leve! of probabil1ly. 
ns, = no signlficani d~fference. 

'+'Analysls of transforrned data using natural lo~rithm. 
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