
BIOMASS AND PROTEIN YIELDS, N2-FIXATION AND N TRANS FER 

IN ANNUAL FORAGE LEGUME-BARLEY (Hordeum vulgare L.) CROPPING SYSTEMS 

by 

Helen G. Sampson 

A thesis submit.ted to the faculty of Graduate 

Studies and Research in partial fulf Lllment 

of the requirements for the deqree of 

Department of Plant sci.ence 
Macdonald Campus of 
McGill University, 
Montreal, Quebec 

Master of Science 

November, 1993 



Short title: 

ANNUAL LEGUME-BARLEY INTERCROPS FOR FORAGE PRODUCTION 

Helen G. Sampson 



Ar.'WIAL .... ~ "'lM!, -1:~~l:'EY INl'ERCROPS FOR FORAGE ll'ROOUC:TION 

Helen G. Sampson 



ABSTRACT 

M.Sc. Helen G. Sampson Plant Sc~ence 

BIOMASS AND PROTEIN YIEI.DS, N2-FIXATION AND N TRANS FER 

IN ANNUAL FORAGE LEGUME-BARLEY (Hordeum vulgare L.) CROPPING SYSTEMS 

In this study, six annual legumes and the perenni.al, red clover 

(Trifo~ium pratense L.) were monocropped (MC) and intercropped (IC) with 

barley in a field etudy with three N levels, 0, 30 and 60 kg N ha"'. At 

o kg Nha"), H2-fixation and N transfer were estimated by the ,~ isotope 

dilution (ID) method. At 60 kg N ha:', ft direct u.~ labelling method was 

employed to study N lEansfer. The hypotheses were that the annual 

species would be more productive within one growing season than red 

c lover , that increased N levels would increase herbage dry matter (DM) 

and crude prote in (CP), that the proportion of N derived from N2-

fixation in IC-legumes would be higher than that of MC-legumes and that 

within intercrops there would be evidence of N transfer. In neither 

year was the total DM yield of red clover, MC or IC, less than the rest 

of the legumes. In 1991, the total DM yield of intercrops responded to 

30 kg Nha"'; in nei4;her year did the estimated total CP yield of MC

legumes or intercrops respond to N levels. Only in 1992 was taere 

evidence of N2-fixation and the proportion of N deriyed from fixation by 

IC-legumes was 145 , higher than that of MC-legumes. Only the I~ direct 

labelling method gave evidence of N transfer, to associated legume and 

barley plants in 1991, and to associated legume plants in 1992. 



Résumé 

M.Sc. Hélène G. Sampson Plant Sciflnce 

La Biomasse et le Rendement en Protéine, La Fixation et Le Trancfert de 
L'Azote dans une Culture d'Orge et de Légumineuses Fourra~ères 

Annuelles 

La culture, avec apport de 0, 30, et 60 kg N ha"l, de six es~cea 

annuelles de légumineuse a et d'une espèce péréenne de trèfle rouge en 

monoculture ou pn culture intercalaire avec l'orge, est evaluée en plein 

champ. La méthode de dilution d ,I~ est utilisée pour estimer la fixation 

et le transfert d'azote dans le traitement avec a kg N ha"l, alors que la 

méthode employée pour étudier le transfert d'azote dans le traitement où 

60 kg N ha- I est incorporé, pourvoie directement de l'azote enr ichi UN 

aux légumineuses • Les hypothèses de depart étaient que les rendements 

des espèces annuelles seraient plus élevés que le rendement du trèfle 

rouge pendant la periode d'éssai, qu'une teneur superieure en matière 

sèche et en protéine du fourrage corre~pondrait l un apport maximal 

d'azote, que le taux d'azote fixé serait meilleur pour lea légumineuses 

en culture intercalaire et que le transfert d'azote en culture 

intercalaire serait évident. Pendant les deux années consécutives, la 

biomasse, en monoculture ou culture intercalaire, a été plus élevée pour 

le trèfle rouge. En 1991, un meilleur rendement en matière sèche fut 

obtenu a. l'apport de 30 kg N ha"1 pour les légumineuses en culture 

intercalaire. Par contre, l'apport de différentes quantités d'azote ne 

changea pas la teneur en protéine des légumineuses, en monoculture ou en 

culture intercalaire. La fixation de l'azote était évidente seulemer.t en 

1992 et le pourcentage d'azote fixé par les légumineuses en culture 

intercalaire, était superieur de 145\ a. celui des léguminsuses en 

monoculture. Seule la méthode de dilution dtlsr. indiqua un transfert 

d'azote parmi les légumineuses et l'orge en 1991, et parmi les espAce. 

légumineuses en 1992. 
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FORWARD 

This theeia ie submitted in the forro of original papers suitable 

for journal publications. The first section i.e a literature review on 

t,his tapie. The next two sect ions, each il complete manuscr ipt, form the 

body of the theeie. The laet eection consiste of an overall sununary and 

conclusions of the research. This thesi.s format has Ijeen approved by 

the Faculty of Graduate Stuo~es and Research, McGill University, and 

follows the conditions outlined in the Gl.'idelines Concerning Thesis 

Preparation, section B.2 "Hanuscripts and Authorship" which are as 

follows: 

"The candidate has the optl.on, subject to the approval of the deparment, 
including as part of the tresis the text, cr duplicated published text, 
of an original paper, or papers. 
--Manuscript-style theses must still conform te aIl other requirements 
explained in Guidelines Concerning Thesis Preparation. 
-Additional material (procedural and design data as well .. s descriptions 
of equipment) must be provided in Bufticient detail (eg. in appendices~ 
to allow a clear and pr.acise judgement to be made on the importance and 
originality of the research reported. 
-The thesiEl should be more than a mere collection of manuscriptt, 
published Qr to be published. It must include a general abstract, a 
full intI'oduction and literature review and final overall conclusion. 
Connecting texte which provide logical bridges between different 
manuDcripts are ueually deeirable in the intereste of cohesion. 

It is acceptable for the thesis te include, ae chapters, authentic 
copies of papers already published, provided these are duplicated 
clearly on regulation thesis stationary and bound as an integral part of 
the thesis. In such instances, connecting t.E>xti1 are mandatory and 
supplementary explanatory material is always necessary. 
-Photographe or other materials which do not duplicate weIl must be 
included in their original form. 

While the inclusion of manuscnpts co-authored by thQ candidate 
and others is acceptable, the candidate is required to make an explicit 
statement on who contribut~r:i to such work an to what extent, and 
supervisera must attest to tbe accuracy of the claims before the Oral 
Committee. Since the task I.)f the Examinera is made more difficult in 
these cases, it is in the candidate's interest to make the 
reaponsibilities of authors perfectly clear." 
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Saction 2 

GENERAL INTRODUCTION 

2.0. Forage production in Nova Scotia: 

Sixt y-six percent of Nova Scotia'a improved land ls in forage crop 

production (Anon. 1991a.) and conaiata mainly of perennial legumea and 

graaaas. Forage cropa are frequencly underaown with a cereal cover crop 

and red clover (Trifolium pratense L.) and tùnothy (Phleum pratense L.) 

are, generally, recommended over the uae of alfalfa (Medicago sstiva L.) 

and moat other grasses (Anon. 1991b.). Currently, the only recommended 

annual forage legume in Nova Scotia ia peraian clover (T. resupinatum 

L.), monocropped or intercropped with annual ryegraaa (Lolium 

multiflorum Lam.) for pasture or 8ilage. In Prince Edward Island, 

Kuneliua and Naraaimhalu (1983) examined the petential of Beveral forage 

lequmes aa aummer annuala when monocropped or intercropped with either 

Itelian or westerwolda ryegraas (Lolium mult~florum Lam.). Dry matter 

(DM) yielda of mixture a were increased over monocropped legumea by IS to 

22 , when legumea were intercropped with Italian ryeqraa8 and by 15 to 

S2 , when the graas component wa. weaterwolda. Of the legumes, peraian 

clover proved to be the most productive. Binary mixtures of peraian 

clover, red clover, alfalfa and birdsfoot trefoil (Lotus corniculatus 

L.), each with Italian ryegraas, produced total DM yields which were, 

reapectively, 84, 72, 63 and 50 , that of the N-fertilized monocropped 

grasB. Theae aarne mixtuJ:".1I produced N yielda which were, respectively, 

91, BI, 73 and 49 , that of the fertilized monocropped graBs. With the 

exception of the mixture containing birdafoot trafoil, DM yield of 

mixture. with we.terwold. were higher than tho •• of the non-N-fertiliz.d 

monocrop graaa. Annual legumea intarcropped with barley (HOrdeum 

vulgare L.) for forage production, have potential for UBe in Bhort term 

2 



cropping rotations. As annual legumes complete their life cycle in one 

aeaeon, their growth, compared with that of a parennial, .uch •• rad 

clover, would be expected to be more vigorous during the establishment 

year. As such, annual legumes may compete more effectively in cereal 

intercrops. Inveotigations into the use of alternative annual legumes 

are necessary ta e~pand their limited use and may provide growere with 

more flexibility and greater choice in their rotations. 

2.1. Annual legume-cereal intercropping: 

Compared with studies involving legume-grass intercrops, report. 

on legume-cereal intercrops are limited. Such studies have examined the 

cerea1 compone nt grown for grain and forage prOduction. Kunelius et al. 

(1992) evaluated barley production in Prince Edward Island by under

sowing the cereal with either westerwolds ryegraee, Italian ryegra •• or 

red claver. When intercropped in small plots (2 m x 5 m) in alternate 

rows, grain yields were reduced. Grain DM yield in mixture was mOBt 

aeverely depressed by westerwalds ryegraaa 'Aubade' and produced only 

71 ~ of monocropped grain. Intercropped red claver had the least effect 

on grain yield, allowing fc)r 90 ~ of the monocropped yield. Barley 

height ~as not affected by undersowing. Although the N concentration of 

red claver (26.9-36.1 g kg-I) waB higher than that of ryagraBB (21.6-31.9 

g kg-·), red clover N yield (390-1545 kg ha-I) was lower than that of 

ryegrass (775-2890 kg ha-I) since ryegrass herbage yields, either mono

cropped or interc:ropped, were greater tt.an those of red clover. The 

authors also studied large plot. ta eimulate commercial condition.. In 

these plots, grain yields were less affected by ryegrass. Italian and 

'Marshal' westerwald. ryegras. had no effect on grain yield. Red clover 

had the same effect on grain yielda as in the smaller plata. 

With the aim of examining biomass yield and weed control on two 

sites in Southern Ontario, Samson et al. (1989) interseeded red claver 
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at different times into existing winter wheat (Triticum aeBtivum L.) 

fielda and included treatments of Nitro alfalfa, crimson claver 

(Trifolium ~ncarnatum L). and hairy vetch (Vicia villosa Roth.) drilled 

in wheat in early May. On a sandy loam site the authora found no 

differencea in wheat yields between treatments, with the exception of 

-che early frost aeeding of red clover (3.35 t ha-I) bei"lg signif icantly 

lower than thos~ of the late frost seeded red clover (4.36 t ha-il and 

drilled crimson clover (T. incarnatum L.) (4.38 t ha-I). There were no 

significant differences in wheat yields between treatments on a silt 

loam site. Of the legumes. vetch produced the highest forage biomasa on 

each aite, yielding 3367 and 2554 kg ha-Ion the ailt loam and sandy 

loam, respectively. on the silt loam, drilled red claver (678 kg ha-I), 

Nitro alfalfa (890 kg ha"l) and crimson claver (844 kg ha"l) yielded 

significantly lower than the red claver frost seeded treatments. On the 

sandy loam, Nitro alfalfa (1440 kg ha"l) and crimson clover (1426 kg h~"I) 

yielded significantly higher than red clover treatments. The authora 

.tated that in gelleral, weed suppression wa. greatest where fo.:age 

production was greatest. 

In a pot atudy, installed in a winter wheat field in Vienna, Hartl 

(1989) monocropped and intercropped winter wheat with a specific group 

of weeds, black medic (Hedicago lupulina L.) and persian claver, and 

found a tr~nd of more grain when winter wheat was intercropped with 

black medic (approximately 22.5 g pot"l) than when monocroppecf 

(21.5 9 pot"I). Straw yield when intercropped with medic was 

aignificantly higher than weedy wheat, and weed DM, of weedy wheat 

intercropped with medic, was reduced by 55 , compared to weedy wheat. 

In wheat intercropped with peraian clover, there was a trend for 

decreasad grain yield (20 g pot"I). campared ta monocropped wheat. 

Persian clover aignificantly decreased straw yield compared to weedy 

wheat and decreased weed DM over 70 , when intercropped with weedy 

wheat, compared to weedy wheat. In a field Btudy, the authora br~adcaat 
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the clover and medic each into weedy winter wheat plota in the apring 

and found them to both significantly decrease grain yield c~pared to 

monocrop~~d weedy wheat, and persian clover to significantly decrease 

straw yield. In a eeparate field etudy, under-sown white clover (T. 

repens L.) in weedy winter wheat, decreased weed DM by 36 " in 

comparison with monocropped wheat. In addition, the author reported a 

trend of higher grain and straw yields when underaown with white claver. 

Stewart et al. (1980) grew binary mixtures of four red claver 

cultivars and two white clover cultivars in association with oce of 

three barley cultivars of varying straw length. Although there were 

higher proportions of claver in intercrops with red claver than white 

clover, and lower proportions of clover in intercropa with ths long 

stemmed barley cultivar than the medium or short stemmed cultivars, the 

grain yield of monocropped barley did not differ from that of barley 

intercropped with any claver. 

In a forage quality e\'aluation in Illinois, Roberts et al. (1989) 

examined whe~t-hairy vetch intercrops fall seeded at four vptch seedling 

rates (0, 54, 108, and 162 (PLS) pure live seede mol) which were 

harvested at three different wheat stages (boot, antheais and milk). 

Intercropped shoot DM yielda were found to increaae with later harvests 

and to decrease with increasing vetch seeding rates; monocropped wheat 

and the intercrop with vetch seeding rate of 162 PLS m02 yielded 7. J and 

6.5 Mg ha-', respectively. By increasing vetch seeding rates, the crude 

prote in (CP) concentration of the intercrop increased: monocropped 

wheat was 12:" 9 kgo' DM while the CP concentration of the mixture at the 

highest vetch seeding rate was 161 9 rgol DM. AB weIl, "h. '=~ 

concentration of the wheat in intercrop increased with increasing vetch 

seeding rate; at the highest vetch seeding rate, wheat CP of 129 q kgol 

DM W&S hiqher than that intercropped with vetch at 54 PLS mol (117 q kgO

' 

DM) • 
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Tidwell et al. (1985) investigated the quality of winter wheat

hairy vetch intercrops for spring harvested forages in Indiana. The 

etudy included two winter wheat cultivars monocropped or intercropped 

with vatch at two locations, harvested at five wheat maturity stages 

ranging from boot to soft dough. Although, the monocropped DM yield of 

each cultivar, aver'aged over each harvest, ,,'as not different from the 

average j r1tercrop yield, the CP conten:: of the intercrops harvested at 

milk and soft doul;Jh stage were 1.81 and 3.06 percent age units higher 

than ~onocropped wheat. Lunnan (1988) examined barley for forage 

production in Norway through intercrops with yellow lupin (Lupinus 

luteus L.), field bean (Vicia (aba L.), three field pea cultivars (Pisum 

sativum L.) and C()lfIlllOn vetch (Vicia sativa L.) at 60 and 120 kg N na-I. 

Plots were harvest:ed at the boarley dough stage. Nitrogen yields of 

intercrops with fm:age pea and vetch, averaged over slx sites and three 

ysars, 146 kgl ha,l and 143 kg ha'l, respectivs1y, wera highsr than tho.e 

of aIl other intercrope. The N yield of monocropped barley (85 kg ha-') 

was lower tha~n the N yield of the intercrops, with the exception of the 

lupin intercr'op (91 kg ha-I ).. AB weIl, the prote in concentration (~) of 

mixtures including forage pea and vetch (13.2 and 12.9 \, respBctive1y) 

were signif icantly higher thal' that of monocropped barley (7.4 "), or 

the other legurnes. Of the le9umes, forage pea and vetch were rnost 

competitive with barley, prod1olcing 43.7 and 39.1 , of the intercrop DM 

yield, and as Buch were signi.ficantly lower in percent weed DM than 

monocropped barley and the other mixtures. Barley idtercropped with 

ve~ch or forage pea were disadvantageouB as they resulted in the highest 

percent lodging. 

Jooat (1989) examined winter annual clovera intercropped with 

annual ryegrass during two field aeasons in Baton Rouge. The following 

clovers were included in the study: two baIl clover cultivar. (cv •• ) 

(T. nigrascens), two berBeem clover cv •• (T. alexandrinum), thraa 

crimBon clover cva. and pereian clover. Their productivity wa. comparad 
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with monocropped rye9rass fertilized with difierent N rates. While 

monocropped ryegrass at N rates of 168-224 kg Nha"· yielded the higheat 

DM, the a kg N ha-· monocropped ryegrass yielded lower than all of the 

mixtures, with the exception of ryegrass with ball clover. All 

fertilized monocropped ryegrass treatments and all intercrops, with the 

exception of one ball claver cv., yielded higher in total CP than mono

eropped ryegraaa at a kg N ha"l. Of the intereropa, only multieut 

berseem elover yielded signifieantly higher in total N (812 kg ha"·) than 

at least one of the fertilized monocropped ryegraa8 treatm.nta (N 

fertilizer rate of 112 kg ha"·, yielded 533 kg ha"I). There was no 

evidenee of N transfer from the legume to the assoeiated grass during 

the growing season as, in none of the mixtures waa the grasa N yield 

higher than that of the a kg Nha"· monoeropped ryegrass treatment. 

2.2. Grass response to legumes in mixture: 

Legumes aa eomponents of forage swards eontribute symbiotieally 

fixed atmoapheric N and they often inerease grass yields (Ta and Faria 

1987a). As graBB herbage production is limited mainly by N availabillty 

(Burity et al. 1989), this inerease in yield has baen attributed to the 

transfer of symbiotieally fixed N to the assoclated graa.. Nitrogen 

tranafer May be the reault of ita direct excretion from the legume, and 

its releaBe by decomposition of the legume root system (Burity et al. 

1989; Boller and Nosberger 1987). Such tranafera May partly aubatitut. 

N fertilizers (Brophy et al. 1987). 

From 1973 to 1979, LLoyd and Hilder (1985) examined the h~nefita 

of barrel medie (Nedicago truncatula Gaertn.) to a Bummer growing 

perennial graaa, Panicum coloratum, through the application of 5 levela 

of N fertilizer (0, 50, 100, 200 and 400 kg ha"l) by comparing the 

monocropped graBs and grass/medic intercropa. In addition to N 

fertilizer increasing gras. DM production, at the low N levala th. medic 
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increased grasa DM production over monocropped grass during the la~ter 

part of the experiment. Examining the means of DM production and N 

uptake over the six years, it was found that the medics increased DM 

production and N uptake of grass in treatments of 0, 50, and 100 kg N 

ha- I year- I • At, 0 kg N ha-l, medic increased grass DM from 2900 kg ha-' 

year- I (monocr"'pped) to 5500 kg ha- I year- I
• Grass N concentration, at all 

N levels, was higher when intercropped. Medic DM yields were lower at 

the higher N levels, as illustrated in 1974-75, monocropped medic 

biomasB yields at 0, sa, 100, 200 and 400 kg N ha-' were 4.3, 4.0, 4.1, 

2.8, and 1.8 t ha-l, respectively. 

Clarksolo et al. (1987) examined the production of the winter 

annual legumes Hedicago Bcute11ata and Medicago truncatula monocropped 

and intercropped with summer growing grasseB. Yields of the monocropped 

medica were higher than medic intelcropped at two sitea, and medic 

yielda at the Bite which experienced low aummer rainfall were not 

affected by grass competition. At sites receiving irrigation, grasa 

yielda in association with medic were tw~ce that of monocropped graas, 

an effect equiva1ent to the application of 100 kg N ha- I year- I • On the 

moat reaponsive dry land aite, graaa yields were also doub1ed when inter

cropped. Here, the medic effect waB equivalent to N applications 

between 50 and 100 kg ha- I ysar- I • On the high fertilit} aoila, gras. 

yields when intercropped were increased by 25 \, equivalent to an N 

application of lesa than 50 kg ha- I year-'. In general, during the aummer 

the authors found grass N concentration to increase when intercroppad 

with medic. or when N wa. applied. 

EvanB et al. (1990) evaluated eight white clover variatias with 

parennial ryegraBB (Lolium perenne L.) under rotational sheep grazing 

over three years and found clover baaed awards to c nsistently outyie1d 

grasB monocultures each year and to be, on average, 50 \ more 

productive. While the authors attributed mOBt of thia effect to a 

direct clover contribution, the clover biomaBB yield, there waa evidenca 
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of an indirect clovp.c ~ontribution to grase yield as an increase in 

grass yield grown in mLxture over mon~cropped graas. This indirect 

increaae waa greate~t during the apring of the second and third year. 

At these times, the clover variety Nesta indirectly contributed 

approximately 0.5 t ha-lof extra grass biomaas. Over the third year, 

Nesta' e indirect contribution was equivalent to 54 kg ha-lof nitrogen 

fertilizer. Lutwick and Smith (1977) obaerved the CP concentration of 

crested wheatgrass (Agropyron cristatum (L.)Gaertn.) to be greater whsn 

intercropped with alfalfa than when monocropped, as exemplified in the 

second yea~ where non-N-fertilized monocrupped grass was 7.9 \ CP and 

intercropped gr~ss was 12.2 \. Monocropped alfalfa yielded the hiyhest 

in CP product~on and monocropped grass the lowest while the CP yield of 

the mixture waa between these valuea. This ranking of protein yield ls 

illuatrated in the following 0 kg N ha- I treatmenta of the f irst harvast 

year: monocropped alfalfa, 0.75 t ha-I; monocropped grass, 0.17 t ha-i, 

and intercrop, 0.50 t ha-I• In an evaluation of crested wheatgraas 

(Agropyron desertorum), Ruasian wildrye (Elymus junceus) and pubescent 

wheatgraas (A. trichophorum) intercropped with eicklepod milkvetch 

(Astragalus falcatus), alfalfa, sainfoin (Onobrychis vici~folia) and 

crownvetch (Coronilla v~ria), McGinniea and Townaend (1983) found no 

differences in the CP content of the grasses when monocropped or 

intercropped. 

Sollenberger et al. (1984) reported monocropped legume stands of 

alfalfa, red c10ver and birdsfoot trefoil contained markedly more weed 

DM than did stands intercropped with orchardgrass (Dactylis glomerata 

L.) or perennial ryegrass. To illustrate the extent to which the 

inclusion of grass decreased weed yield, the author8 reported 

monocropped alfalfa averaged 1.0 t ha-lof weed DM, while alfalfa

orchardgrass averaged only 0.05 t ha-I• As weIl, higher legume 8eeding 

rate8 of monocrops also reduced weed yields. Jung et al. (1991) 

observed that in intercropa of perennial ryegraa8 and alfalfa, wead 
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content w~s inversely related to the ryegrass seeding rate, but waa not 

affected by alfalfa aeeding rate. 

2.3. Evaluation of intercrop efficiency: 

To determine the effectiveness of an intercrop, the land 

equivalent ratio (LER) ia the measure most frequently employed 

(Vandermeer 1989). The LER ie baaed upon relative land requiremente for 

intercrops versue monocrops. The LER, as described by Mead and Willsy 

(1980): "represents the increased biological efficiency achieved by 

growing two crops together in the particular environment uaed". If one 

deaired to produce two oeparate monocrops, the amount of monocropped 

land necessary to produce that which would be produced on one 

intercropped hectare iB the LER (Vandermeer 1989). The LER is the 

sommation of the relative yieldB, relative yield being a componenta 

yield in intercrop divided by ita yield in monocrop. An LER which ia 

higher than 1, indicates that lôIonocropa use more land than an intercrop 

to provide an equal amount of crop yield (Hiebach and McCo11um 1987). 

There can be problems in assessing the yield advantage obtained by 

intercropping, although if compone nt crope are equal1y acceptable this 

ia not complicated (Mead and Willey 1980). Simply evaluating the value 

of one intercrop over another by comparing LERs may not reflect their 

actual valuea as higher proportions of one component crop may be 

preferred even though resulting LERs are low (Mead and Willey 1980). 

Hiebsch and McCollum (1987) argue t.hat as an intercrop often occupies 

land for greater duration than monocropa, LER ia often inadequate aa 

time is not included in its calculation. To addresa this inadequacy 

they developed and area-x-time equivalency ratio (ATER). Ofori and 

stern (1987) claim that this ATER has not been wide1y adopted. 

Ofori and stern (1986) intercropped cowpea (Vigna unguiculata L.) 

and two maize (Zea mayD L.) cultivars at four N levela (0, 25, 50 and 
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100 kg N ha"l) and obaerved a tendency for the N applications to decrease 

LER values. As well, maize waa competitive for N as the N content of 

intercropped cowpea was lower than when monocropped and with increasing 

N levels the maize ~rain yielda, either ~ntercropped or monocropped, 

were increaeed while cowpea yields were decreased. The authoro 

speculated that the reductions of Beed yield of intercropped cowpea 

under heavy N applications were probably due to direct effects of 

ahading by maize on cowpea DM production. As maize growth under heavy N 

applications was enhanced, LER values were lower due to reduced cowpea 

yields. In a separate atudy, Dfori et al. (1987) found the intercrop 

advantage of maize-cowpea DM, in terme of LER, to be lower (33-55 ') 

when plots received N fertilizer (25 kg Nha"') than when no N was 

app1ied (56-69 %). 

Hiebsch and McCollum (1987) evaluated 182 legumejmaize intercrop 

atudies by comparison of reported LERa with calculated area x time 

equivalency ratios (ATER). The intercrop advantage, as determined by 

ATER, was found to be greatest when the maize was grown without adequate 

N. In ten of the surveyed experiments, which were under low N statue 

conditions, the average ATER was approimately 1.3; 69 of the experiments 

were on soils of fairly high N supplying capacity and gave an average 

ATER of approximately 1.1; 103 of the studiee received 42-270 kg Nha"' 

and produced an average ATER of approximately 1.04. 

The most common way that an intercrop will produce LER values 

greater than one ia through the components complementary use of 

reaourcaa (Trenbath 1976). In intercropa of legume-nonlegumea the 

nonlegurne will explo~t available soil N while the legume ia capable of 

obtaining N through N2-fixation. It is on soils which are deficient in 

available N that legume componenta can be moat use fuI and that high LERa 

may be obtained (Trenbath 1976). 
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2.4. Nitrogen and its fixation in general: 

Th. gaS N2 conatitutae 78 , of the .arth's atmoaphare, and in this 

form ia unavailable to moat higher planta. Nitrogen fixation by 

Rhizobium or Bradyrhizobium, aybmiotically aaaociated with legumea, is 

one of the modes by which it ia converted to plant usable forma of N 

(Tisdal. et al. 1985). Nitrogen fixing organisme contain nitrogen~ee, 

an oxygen eensitive metalloenzyme. Nitrogenase can reduce Nl to ammonia 

according to the equation: N2 + 8H+ + 8e" • 2NH, + H2 (Richards 1990). 

Most of the N raquiramente of forage 1eqwmee can be supplied by 

biologically fixed-N2 (DansO et al. 1988; Heichel and Henjum 1991). 

Saaed on the reaulte of a I~ dilution atudy, Cadish et al. (1989) 

concluded that the total amount of N derived from eymbiotic Nl-fixation 

ia baaed on herbage yield, N concentration in plant tis.ue, and th. 

percent age of N derived from tixation. They reported herbage yield of 

.everal tropical legumes to be the moat variable parameter and that it 

wae adequate for ranking legume. in terme of Nl-fixation. Nitrogen 

concentration wa. the next Moat affected parameter, followed by the 

percent age of N derived from aymbiotic fixation. In an intercrop of 

white clover, alfalfa and fescue, Danso et al. (1991) found the 

proportion of N derived trom the atmoaphere to vary little over 

harvests. They did find large variations in the amount. of N fixed 

between the legumea and harvesta, the result of herbage yield 

difference.. A. pointed out by La Ru. and Patter.on (1981), .ymbiotic 

Nl-fixation cannot be con.idered fre. fertilizer, planta must provide 

photosynthate energy. As the nitrogenase enzyme require. energy, "1-
fixera prefer to use combined N if it ia available (Sprent 1990). 

The nitrogen in nature ia a mixture of two stable i.otope., I~ and 

I~. The natural abundance of I~ in the atmoaphere ia 0.366 atom , ± 

1.5 , relative (Fiedler and Prokach 1975). The chemical properties of 

l'If and I~ are almoat ident lcal, but 15N2 will diffuse alightly more 
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.lowly than l~l (Bergeraen 1980). The half live. of the radioactive 

isotopes of N are tao short for tracer etudie. dealing with plant 

.ystems and the stable isotope l'N muat be employed in N tracer 

experimants (Fielder and Prokach 1975). 

In an analysis of atmospharic Hl' Bergersen (1980) found the 

natural abundance of l~ to range between 0.362 and 0.368 atome ,. 

Delwiche and Steyn (1970) found tha averaga I~ content of clover (0.0008 

atom ,. excasl I~ - comparad to atDlOepharic H2 ) to be .ignificantly 1 ... 

than that of grass or eoil which luggested that the grau N came 

primarily from the loil and that much of the clover N w .. from the 

atmoBphere. The authora concluded that Nl-fixing legumes have an N 

isotope composition similar to the atmoaphere while non-Nl f ixers have a 

composition similar to their growth medium. Studying varioue 80i1.., 

Ledgard et Ill. ( 1984) found the l'N natural abundance of the total aoil N 

to increaee with depth, whUa there wa8 no such change in plant 

extractable N. 

A8 defined by Fiedler and Prokech (1975), the number of l'N atoml 

in the total amount of H atome ia referrad to to as atom ,. or 

,. abundance. When the I~ abundance of natural N i8 eubtracted from the 

I~ ,. abundance of the sample, the l~ atom ,. excea. ie obtained. The 

I~I'~ ratio of a system can be determined by lU •• apectrometrie or 

emi8sion spectrometrie technique a on Nl ga8 generated from the sample. 

2.5. Effect of mineral H on legume nodulation and Hl-fixation: 

Shomberg and Weaver (1992) atudied the time requirad by arrowleaf 

clover (2'. vesiculosum L.) roots to nodulate when exposed to thra. 

different temperature8 in a growth chamber: 18, 32 and 25°C; two atrains 

of effective R. trifolii and three rate. of atarter N ferti1.izerz 0, 0.5 

and 1.0 mg N plant"l. At 25°C the rate of 0.5 mg N had no effact on th. 
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time to nodulate while 1.0 mg M delayed nodulation by 1.5 dayl ovar the 

o mg M plant'· treatment. Under 18 and 32 oC with application of 1.0 mg 

N, nodu 1 .. 1 ware vilib1e 10. S to 11.5 dayl aftar inoculation while they 

were vi.ible after approximate1y 8.5 days when no N wu app1ied. 

The N difference method wU amployed by Shomberg and Weaver (1990) 

to examine the M2-fixation activity of arrow1 .. af clover when 

uninocu1ated or inoculated with two R. trifolii strains and grown in 

aand culture in a growth chamber at the foll.owing five N ratel appliad 

at laoding: 0, 14, 28, 42 and S6 mg M pot-le Plant. were harvestad 40 

dayl after planting and it w •• detarminad that low rates of N fartilizar 

aided in N2-fixation. The amount of Hz fixed at the 14 N level waa twice 

that of the Nz fixed at the 0 N level. Although the amounta of M:z fixed 

at the 28 N and 42 N levaIs were higher than that at the 0 N level., the 

amount of N2 fixed declined at levela over 14 N. The N contenU of 

clover either i.noculated with the strain RPl.14-2, or uninoculated, 

receiving 56 mg N were similar and therefore showed no 8vidence of N2-

fixation. 

Through the application of ground rhodesgraaB (Chloria gayana 

Kunth.) plant material, which wu labelled with l'N, to pot cultura. of 

.irato (Phaseo~uB Itropurpureua D.C. var. Sirato), Henze1l et al. (1968) 

were able to determine that it waB at the time of earl}" nodulation that 

sirato relied most highly upon soil N. 8y determining the eOlrichment of 

sirato harvested over 15 weeka and that of rhodesgra81 to indicata tha 

anrichment of the loil M, they were abla to aeparate drato' s 

aymbiotically fixed-N2 from 80il derived N. The Authon obaerved th. 

time of the beginning of effective nodula formation, at threa weaka, to 

correspond with the time that Boil N contrHmèed mo.t to airato N. In 

monocropped sirato and airato intercroppad with rhoc:lelgrlla., 50 and 43 , 

of sirato'l N, respectively, was of aoil ori.qin while after 15 waekl, 

only 4 and 2 , of airato'l N was of .oil N origine 

The effect of two concentration. of N (5 and 10 Hm) a. eithar 
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urea, nitrate, ammonium, and nitrate" ammonium on the nodulati.on and 

N2-fi.xation, &1 detarmined byacetylene reduction a •• ay (ARA), wa. 

report.cl by Rongqing et a~. (1992) on the following legume.: faba bean 

(Vicia faba L.), white lupin (LupinuB .~bUB L.), and medic (lfadieago 

rugoaa Dear. cv. Paraponto). 1.11 forma of N were found ta negatively 

affect the number of active nodules of al1 crops, with the medi.c moat 

severely affecteu and the higheat N concentration having the greateat 

affect. Nodule initiation was alao delayed by moat N treatment.. At 

the firat aampling date, day 15, medic which had received either N 

concentrati.on had no active nodul •• whila the control medic had 5. 

Nitregenaae activity was alao depressed at aU lf treatment., wi.th NH4Cl 

being malt depreaai.ve and urea, the lea.t. 

In an ARA atudy of barrel medic (lledicago t:runcat:ul. Gaartn.) 

grown in pote, N2-fixation was found to be negatively correlated with 

mineral N and to not be related te the total N content of the aoU. 

(Al.ton and Craham 1982). 

In examining Hz-fixation, by the Istt isotope diluti.on (ID) method, 

of di.ff.rent claver cultb,.ars in .cyegra •• -clover Iwards, Ledgard et .~. 

(1990) found a large decreaae in the proportion of Nl-f ixed due ta an 

increase of inorganic soil N reeu1ting from dry Boil condition.. They 

conc1uded the clover subatituted N from fixation with the uptake of .oil 

N. Heichel and Henjum (1991) found the percent N derivad trom the 

atmo.pharb of legume. in mixture with read canarygrua (phalaris 

IIrunclinaeea L.) over four yeara te ineraase with 8tand age and believad 

thie occurrence to be relatecl to the depletion of soil N. studyinq Nz-

fixation, by the 1:D method, of award. of white clover, red clover and 

birdafoot trefoil, each eombined with tall feecue (F •• t:uea .rundinace. 

Schreb.), Mallarino and Wedin (1990) found N fertilizer to temporarlly 

increale herbage yield. With 100 kg il ha"1 thera wa. a lengthy period 

during which the proportion of legume decrea.ed. Th. perc.ntage of 

nitrogen derived from the atmoBphera wa. decr.a.ad for a number of w •• k. 
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after the fertilization application while there wal a lengthy decreaae 

in f ixod N yielda reaultinq from the decreale in lepe yield. When the 

N treatment wae applied to eatabliahed awarda annual fixed-N yielde were 

reduced from 178 to 148 kg ha 1 while N applicationl at eeeding reduced 

annual fixed-N yielda from 65 to 29 kg ha-I. 

Uaing the I~ natural abundance technique, Ofori et: al. (1987) found 

that, whether monocropped or intercropped with maize, two thirde of the 

N of field cropped cowpea waa derived from N2-fixabon. In the 

greenhouae portion of the atudy, the authora found monocropped eowpea to 

have derived leaa If from the atmoaphere (42-50 ') than that of the field 

study, and speculated that this may have been in responae ta higher 

rates of availability of mineralized N. In the greenhouse, , N2-fixed 

values as determined through the application of l'N-urea (25 kg N ha"I), 

were lower than those calculated by the natural abundance techn1.que. 

The authorB had expected auch a reaponae due to the neqative affectl of 

combined N on N2-fixation. In the field, thil reaponae only occurred 1.n 

monocropped cowpea, and not in the cowpea-mahe intercrop. McAuliffe et 

al. (1958) grew ladino clover (T. repens var. lat:um) and tan feBcue 

together in a pot atudy and obeerved the application of N, up to 224 kg 

ha"l, to eatabliahed planta to not 1.ncreaBe the total (of three eut.) N 

yield. The authora explainE d thia lack of responBe by the occurrence of 

H-uptake by clover accompanied by a decreaae in N 2-fixation. On a Cec1.l 

clay, clover, which had received 28 kg If ha-l, derived 65 , of ita N from 

N2-fixation in cut 1, while clover which had received 224 kg N ha-I (aa a 

solut1.on of (NI~4hS04) derived only 10 , of ita N from N2 fixation. Over 

time, the clover increued ita rel1..,nce on fixed Nz in re.pon •• to an 

apparent reduction of aoil N. By the time of the second cut, at the N 

rate of 224 kg ha"l, the clover der 1.ved 43 'of ita N from Hz-fixation 

and at cut 3, 75 " while clover at the 28 kg N level derived 91 and 93' 

of its N from H2-fixation at cute 2 and 3, respectively. 
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2.6. Principles of the 1~ iaotOpl dilution (ID) mathod: 

In field studies, the l'N ID method can give an integrated value of 

H2-fixation, and it ia the only metnod that can determine N 

contributions ta the plant from soil, fextilizer and atmoaphere (Dansa 

1986). The l'H ID method ia based upc.m the comparison of an N2-fixing 

and non-N2-fixing system. The penible N sourcas of theae sy.tem. are: 

fertilizer, aoil, and in the case of the fixing system, the atmoaphere. 

The N in the plants derived from the soU or fertilizer will be enriched 

1.n 15tf and in the legume, fixed .tmospherie 1~2 will dilute it. The non

fixer is required to determine the amount of H derived from the .oil and 

fertilizer (Rennie and Rennie 1983). 

In a pot study, McAuliffe et al. (1958) used I~ labelled 

fertilizer to determine the ratio of absorption of fixed to .pplied N. 

Ladino c10ver and alf.lfa were eaeh grown with tall feacue as a 

reference plant. They used the following formula to determine the , N 

in the legume f rom non- fixing sources: unf ixed N = (atom' exe9SS I~ in 

the legwne / .tom , excess 15tf in the grass) x 100. The \ H f ixed by th. 

legume equalS the above value subtracted from 100. Their work was based 

on the .asumption that the legume and grass absorbed the sarne proportion 

of soil and fertilizer N and, that the legume did not release fixed N ta 

the grasa. 

2.7. The 1~ isotope dilution (ID) method compared ta other methods: 

Dy expoaing a legume to 1~2 in a contained system one c.n directly 

meaaura the &r.'')unt of N:z-fixed. MeNei!1 and Wood (1990) expolled white 

cl.over, intercropped with perennial ryegrasa, to l'Hl' and were able to 

detect H2-fixation as the clover had a higher I~ content than the gr •••• 

Studiaa involving such syatems .re not practical in field etudia.. The 

17 



e 
I~ ID method providea a direct me.aurement of N2-fixation which lend. 

itself to field etudies. with thi. technique, the Boil N ia enriehed 

with I~ and the rate at which the pla~t l~ ill diluted give& an .stimate 

of Nl-fixation (Berger.en 1980). 

In a pot experLment involving alfalfa and meadow fescue, 

MartensBon and Ljunggren (1984) concluded that when eatimating the total 

amount of N f ixed by a legume, the l'N ID method may be preferable to the 

acetylene reduction asay (ARA) as it integrates diurnal and plant 

phenologieal variations. They found the differenc. method to be 

comparable ta l'N ID. Rennie (1979) eompared the I~ ID method and the 

elasaleal total N difference method (N fixed = total Legume N - total 

non-legume N) for calculating N2-fixation of navy bean (Ph.seoluB 

vulgariB} and reported the l~ ID method yielded the mOBt logical 

estimation. Contrary to Martenason and Ljunggren's (1984) finding8, the 

difference method wa. not in agreement. Talbot et al. (1982) a180 

concluded the l'N ID method to be more accurate than the difference 

method. They found the total N accumulation in soybean to be more 

variable than l'N concentrations. 

A two year field study on the N2-fixation of bean (Phaseolu. 

vulgaris L.) by Rennie and Kemp (1984) found the ARA to aeverely 

underestimate N2-fixation compared ta that of the l'N ID method. They 

concluded the ARA to be at a diaadvantage aa it ia a meaBUre of 

nitrogenaae aetivity only at the time of sampling while the l'N ID method 

eatimate ia integrated over time. 

In an irrigation and fertilizer atudy of N2-fixation by white b.an 

(PhaBaoluB vulgariB L.) and aoybean, eatimated by ARA, Smith and Hume 

(1985) explained their reBulta due to the undereatimation of N2-fixation 

by ARA. In a comparison of N2-fixing .atimat •• for white bean and 

aoybean, Smith and Hume (1987) reported no dif~erence between the 

difference method and the l'If ID method, while ea';imateB by the ARA were 
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lower for both crops. The authors reported ARA Hl-fixation eetimat.e of 

field grown 80ybeana, soybeana grown in a growth room and white bean 

grown ln a growth room to be half those of the difference method while 

ARA values of white bean grown in the field were only 10 , that of 

differance method and ID mathod. Legg and Sloqger (1975) compared the 

astimatas of aoybean H2-fixation by the ARA, the difference method and 

the ID method and also found the ARA estimatea to be much lower than 

those of the other methods. 

In a I~ ID atudy on aoybean N2-fixation, Rennie (1982) concluded 

that there ls potantial in using naturally occurring l'tf as it ha. the 

advantage of a greater degree of soil N homogeneity, although it is 

easier to detect isotopically labelled N. Ofori et al. (1987) found 

good agreement, in a field and greenhouse study, between the I~ natural 

abundance and I~ ID method in the estimation of H2-fixation of mono

cropped cowpea and cowpea intercropped with maize. The authora do etate 

that a highly sensitive mass spectrometer ia required when employing tha 

natural abundance method. In a greenhousa study on N fertillzer uptake, 

Meints at al. (1975) also compared the two techniques and reported that 

unanriched fertilizer N undere.timated the amount of fertilizer N teken 

up by sudangras. and that the standard deviations of these astiroatee 

were larger. ln conclusion they stated that methods ba.ad on natural 

abundance could at best be termed roughly quantitative. 

2.8. Nitrogen transfer: 

The excretion of N compounda by planta, a8 atated by Wilson and 

Wyss (1937), is known to occur. In an ~nclosed root chamber atudy 

Brophy and Heichel (1989) found the sum of N relsased to the root zone 

of sand cultured soybean roota (harveated after 65-80 daya) to be 10.4 , 

of total plant N while alfalfa, over 173 d4ye, released 4.5 ,. Undar 
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water daficit conditions and shoot harvaat, the author. noted an 

incraase in released N. 

Lory et al. (1992) quantified the depoaition of aymbiotically 

fixed-N2 into the Boil .urrounding monocropped alfalfa rootB and nodulas 

reBulting from excretion or leakage from roots and nodules, or from the 

eloughing off of root cells. The authors employed the .~ ID method in a 

f iald and greenhouse atudy to compara the I~ concentration of the 

rhizosphere of effeetively nodulated alfalfa with that of an 

ineffactively nodulated alfalfa. In the field .tudy, plant. were 

harveatad threa time. over 135 dayB. There waB no evidence of 

deposition of eymbiotically fixed M2 to the rhizosphere (80il adhering 

to roots), atom , I~ and soil N concentration wae eimilar for the 

effective and ineffective alfalfa. In the greenhouae atudy, thera was 

evidence that over two harvests (112 daya) 1 kg of fixed H2 wae 

deposited into the rhizosphere at the 0-15 em depth. In both the fiald 

and greenhouse, there wa. evidence of deposition of .ymbiotieally fixed 

Hz into the nodusphere soil (soil adhering to nodule.). In the fiald 

and greenhouse these values were O. 1 kg ha"1 and 0.4 kg ha"', 

reap8ctively. The authors questioned the validity of theae valu •• due 

to the poeaibility of leakage resultinq from the use of the Bonicator in 

soil removal. 

Vallia et al. (1967) suqgestad that when a legume transfers N, 

whieh originated from the .oil, to an intereropped grass, the gras. 

receivea no praetieal benefit. Ta et al. (1986), examined the root 

axeretions, defined as substances loat throuqh root epidermia, of 

hydroponieally qrown alfalfa. Once the planta reached the 10 , bloom 

staqe, they were expoaed to an environment anrichad in '~2' It wa. 

determined that the nodule-root system excreted 15 ug N plant"' day"', 

approximately 3 , of the total daily fixed N. A. the hydroponic 

Bolution was enriched in .~ only one day after the plant. were expo.ed 

to 1~2' it was determined that recently fixad H2 eontributed to the 
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excreted N. Ae atated by Wahua and Miller (1978), the fact that legume. 

may fix Nl which could become available to ae.ociated non-Legume., i. 

one reaBon for intercropping. 

In l'tf ID methodB of calculating N tran.fer, the enrichment of the 

non-N2 fixer intercropped with a Legume and that of a monoerop of the 

non-N2 fixer are compared. In intercrop, the extra N reBulting from 

transfer will dilute added l'tf of the non-N2-fixer in proportion to the 

amount of N traneferred (Vallia et al. 1977). Valli. et al. (1967) 

firet used 15tf labelled fertilizer to atudy N transfer from legumes to 

grase while _tudying the N economy of a rhode.-grass/Townsville lueerne 

(StylosAnthes humilia H.B.K.) mixture. Although their pot study wa. 

unable to detect signifieant transfer of unlabelled N, the author. found 

evidenct of N sparing as two gras_ plants grown with two alfalfa plants 

each received almo_t half of the available N while four grass plant. 

grown together each received 1/4 of the available sail N. It wa. 

speculated that the legumes were unable to compete for available .oil N. 

As pointed out by Brophy et al. (1987) the Ist. ID method can only 

provide information on the N cransfe~red from unlabelled sources. Any 

uptake by the non-fixer of unlabelled N other than that originating from 

the atmosphere can result in errors. When the Ist. ID method is used ta 

measure the , N of a non-legume obtained from transfer, one assumes that 

the dilution of l'tf in the non-fixer intercroped with an Nl-fixing crop, 

compared to that of the non-fixer in monocrop, is a result of the 

transfer of fixed N2 from the Legume (Baller and Nosberger 1988). 

Baller and Nosberger (1988) found that intercropped grasse. 

appeared ta have deeper root systems than those monocropped. When l'N 

fertilizera are spread on the sail surface they .uggested thi. 

difference would result in an underestimation of N transferred from 

white clover. In 1 year of a four year study, Heichel and Henjum (1991) 

found white clover to tranafer more N (53 kg N ha"l) to a •• ociated reed 

canary gra._ durinq one season than the actual amount of fixed N in 
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white clover planta in two combined yeara (.pproxim.tely 10 kg N ha-I
). 

Thia auggeated to the authora that the root ayatema may have atLmulated 

the release of soil organic N. 

Hardareon et .~. (1988) studied monocropped .nd intercropped 

parenni.l ryegr.as to me.aure the Nl-fixati.on of alfalfa in a l'N ID 

atudy and found the atom , l'N exceae of the intercropped ryegrasa to be 

alightly, but not signific.ntly, lower than th.t of the monocropped 

gr.ee in the second harveat. ~hey euggeated thie May have been due to 

an ineignificant uptake of N derived from the atmosphere by the 

intercropped grasa. They uaed the followi.ng formula to eatLmate , N 

tranaferred: l-(atom' I~ exceaa of intercropped ryegraaa 1 atom , ,~ 

excese in monocropped ryegraas) X 100. The amount of N tr.naferred 

(kg ha-') waa then calculated aa: (' N tranaferred / 100) x tot.l N in 

intercropped ryegr.... In the aecond harveet, only 4 kg N h.- I w.s 

eatim.ted to have been tranaferred. 

Reaulte of • I~ dilution field etudy by Eagleeham et al. (1981) 

showed that in zero and low N ferti';'izer treatmenta (2S kg N h.-'), m.ize 

intercropped with cowpea w.a aignificantly higher in N, in terma of mg N 

plant-' .nd , N content, than monocroped mai.ze. At the 2S kg N h.-I 

tre.tment the l'N concentration of intercroped m.i.ze w.e aignific.ntly 

diluted comp.red with intercroppad maize, thia auggeated N excretion by 

cowpe.. The f Act that the componenta of the intarcrop abaorbed a 

similar amount of N fertilizer ruled out Any possible N sparing by the 

cowpea. The I~ concentration of intercroped maize waa not diluted in 

the 100 kg N ha-' treatment, .nd .s ARA activity wae reduced .n~ 

nodulation reduced .t the flowering etage, the high rate of N wae 

believed to have inhibited nodul.tion. The .uthors coneluded th.t N 

excretion by a legume will be of aignifieant benefit to .n .aaoci.tsd 

crop, only under conditions of low mineral soil N. M.rtin et al. 

(199la) alao observed that N transfer, aa determined by ''N ID, w.e beat 

demonstrated under conditions of low mineraI N. Only on an N depleted 
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soil, with one exception, were the authore able to detect the transfer 

of N from nodulating eoybean to non-nodulating .oybean and maize. In 

the 1988 growing season, the nodulated soybean, seeded at 33 , of the 

monoerop rate, on N-depleted eoil tranaferred 3.68 kg N ha l to the 

aeeociated tall maize cultivar, baeded at 67 , of the monocrop rate. 

Also on N-depleted soil, N transfer was evident from nodulated soybean, 

seeded at 67 , of the monoerop rate, to aBBociated non-nodulated 

soybean, aeeded at 33 , of the monocrop rate, and was determined ta be 

1. 62 kg N ha· l
• On non-N-depleted aoil the nodulated soybean, aeeded at 

67' of the monocrop rate, transferred 3.29 kg N ha·1 to aBaoc iated non

nodulated aoybean, seeded at 33' of the monocrop rate. 

Boller and Nosberger (1987) a180 found iSütopie evidence of the 

field transfer of fixed N2 from white claver to perennial ryegrass and 

of red clover to Italian ryegrass. Planta were fertilized with 

o kg N ha·1 or 30 kg N ha·1 at each eut. While N fertilizer had little 

effect on the' N derived from fixation, it resulted in a decreaae in 

the' N tranaferred from elover ta grasse In the .eeding year of 1983, 

white clover, at 0 kg Nha··, traneferred Il kg Nha·· to the aBsociated 

grase, in N fertilized plots there waB no evidence of tranafer. During 

this season, red clover transferred 42 kg N ha- I to assoeiated graas 

receiving no N fertilizer, and 31 kg Nha·· to graBa in N fertilized 

plota. 

A field etudy by Patra et al. (1986), employinq the l'N ID method, 

indicated that 28 , of the total N uptake of maize (21.2 kg N ha· l ) 

intereroped with cowpea wae of atmoBpherie origin, the reBult of N 

tranefer from cowpea. 

Ueing the I~ ID method, Mallarino et al. (1990) eoneludad that 

white elover, red clover, and birdsfoot trefoii each intercropped with 

tall feeeue, transferred small amounte of N to the tail feecue ahortly 

after eeeding and that with time the amount transferred increased 

significantly. In year one of the axperiment establi.hed in 1983, th. 
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total N valuea estimated to have baen tranaferrad to ~all feBcue from 

white clover, red clover and birdsfoot trefoil were 14.7, 12.8 and 9.9 

kg ha"l, respectively, and in the second year were 31.1,23.3 and 20.6 kg 

ha"·, respectively. With an increase in the lequme component of 

mixtures, the authors reported that although the concentration of legume 

derived N in the tall feseue inereased, the actual &mou nt transferred 

was not affected. 

In a I~ dilution field study, Burity et al. (1989) observed that 

when either timothy or bromegraBs (BromuB intermis Leyss.) was grown 

with alfalfa, the , of alfalfa N in the grasses which was derived from 

Nl-fixation increased throughout the growing Beason. They concluded 

that the amount of N transferred before the firet cut was due to the 

direct excretion of N compounds, while transfer in later cuts was a 

result of decomposing nodules and roots. In a I~ dilution etudy carried 

out by Ta and Faris (1987a), it was noted that in intercrops of alfalfa 

and timothy N transfer increased with increased proportiona of alfalfa 

as well as inereasing with progressive cuts. Thie led them to suggeat 

that transfer may have been the reeult of direct excretion of N as well 

as the decomposition of alfalfa roots and nodules. 

Brophy et al. (1987), employing the I~ :ID method, obaervad an 

increase in the , of reed canary grase N derived from transfer from 

intercroped alfalfa and birdsfoot trefoil as the season progressed. 

They suggested this increase wa. due to greater root mingling, ~r~ater 

fixation of the legume, and an inerease in the depletion of available 

soil N. 

In a greenhouse Btudy, Ledgard et al. (1985) 1abelled aubterranaan 

clover with I~ through a foliar absorption technique and found 2.2 , of 

the labelled N had transferred to the associated annual ryegrass over 29 

days. In a similar study in the field they observed no au ch tranafer 

from either subterranean clover or alfalfa. They concluded the greater 

contact of the two roots in pota, would make it easier for any N 
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released by the legume to be absorbed by the graSB. 

Van Keasel et al. (1985) devised a Boybean split root technique to 

detect N transfer to intercroped maize. t~ labelled ammonium sulfate 

was applied to a pot containing only half of the 80ybean root. The 

other half of the root was grown with maize, and half of the pota 

including the maize were inoculated with VAM fungi. As the atom , I\N 

excess of VAM-infected maize planta was higher than that of the non-VAM

infected maize, it was concluded that the VAM fungi enhanced N tranafer 

from the Boybean. Using the t~ dilution method in a field atudy of 

intercropped maize and aoybean, Hamel et al. (1990) found no indication 

of N transfer from the legurne to cereal when plots were inoculated with 

an endomycorrhizal fungus, nor was there Any transfer when plots were 

uninoculated. The authors did observe a 55 , increase in the N2-

fixation rate of soybean when plots wara inoculated with the tungus, and 

that in a nurnber of cases the , N derived from the atmoephere in the 

maize was a negative value. The authora suggeated t.lat t:hese negativa 

values could be due to the effects of N sparing. Due to the competition 

of the intercropped grass for N, the nodulating soybean could have 

relied more on their N2-fixing ability. This relianee on N2-fixation 

would have made a larger pool of I~ available for the associated corn, 

thus resulting in a larger uptake of I~ by the maize intercroped with 

nodulating soybean than that of the maize intercropped with non

nodulating soybean. 

In a separate intercrop field study, Hamel and Smith (1991) 

employed a direct I~ labelling method which demonetrated N transfer from 

nodulating soybean to maize. Also, thie transfer was observed ta be 

greater when plots were inoculated with mycorrhiza as oppoaed ta non

inoculated plots. 

Aa poi~ted out by Hamel et al. (1990), the N aparing affect will 

result in a higher l~ concentration of the maize while N transfer from 

the legume to maize will dilute the I~ concentration of the maiza and 
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reault in a lower I~ concentration. Theae two effecta will cancel .ach 

other out if they are approxLmately equal. Thia ia a pot.ntially 

aeriou. drawback of the I~ ID method as the N tranafer .ff.ct May be 

hidden. Direct labelling methods do not have this potantial ~~oblem. 

8y applyinq I~ fertilizer in aolution directly to the petiole of 

nodulatinq 80ybean in a field atudy, Martin ee al. (1991b) were able to 

detect significantly hiqher I~ levels in adjacent maize than when 

unenriched N waa aLmilarly applied. They al.o directly labelled aoyoean 

roota but found no .vidence of N tranafer to ••• ociated maiz. planta. 

In a greenhouse etudy employinq the aplit root technique, they were able 

to detoct tranafer to intercropped maize and non-nodulated 80ybean. The 

authors auggest that although the I~ transferred wa. not derived from 

N2-fixation they felt it could be assumed that a .imilar tran.fer could 

take place with fixed N. 

2.9. Hypotheae.: 

The overall hypothesis of this research was that the intercropping 

of annual lequmes with barley would produce herbage of higher bioma •• 

and of higher prote in yielda than that of the component crop. 

monocropped on the same land area. 

The apecific hypotheses tested, were that: 

1. the annual apecies included in the .tudy: the annual medica, 
Persian clover, hairy vetch and cv. Nitro alfalfa, would be more 
productive than the perennial red clover. 

2. with increaaing N-fertilizer levels, the biomas. and prote in yields 
of monocropa and intercropa would increaae. 

3. within intercrops, the I~ dilution meth~d would qive evidence of N
tranafer from the legumes to barley during the growing eeason. 

4. the labellinq of intercropped lequme petiolea with I~ would reault 
in the transfer of labelled N to barley and associated legume •• 

S. the proportion of N derived from the atmoapher. in intercropped 
legume. would be higher than that of monocropped legume •• 
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The objectives were: 

- to compare herbage biomaea yields of barley and annual legumes under 
monocropped and intercroppad eyatema. 

- to evaluate the effectiveneaa of intercropped ayatema, at three N
fertilizer lEivela, through compariaon of LERa. 

- to compare herbage CP yielda and concentrationa of barley and annual 
legume. under monocropped and intercropped ayatem •• 

- to evaluate the effecta of three N-fertilizer levela on herbage 
bioma •• yields and prote in concentrationa and yield. of barley and 
annual lagumes under monocropped and intercroppad ayatem •• 

- to determine the agronomic potential of annual legume., especially 
annual medica, under growing conditions in Truro, N.S. 

- to determine if N-tranafer from legume to barley occura during the 
growing aeason with the I~ dilution method, and if it do.a, to qu ... tify 
the amounta tranaferred. 

- ta asaaas legume-N-tranafer ta barley by directly labelling legume 
petioles with N enriched in l''N. 

- ta evaluate the Nz-fixation capabilitie. of annual legume. by th. I~ 
isotope dilution method, within monocropped and intercropped ayatema. 
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Prl. fa..;e to Section 3 

Section 3 conaiata of a manuacript by Sampaon et al. (1993a) to be 

submitted to Journal of Production Agriculture. The manuacript will 

undergo further editing prior to aubmi.aion. Tablea are preaented on 

the page, or pagea, immediately following the page in which thay ara 

firat referred to. Referencea cited in thi. saction are listed within 

the thesia reference aection. 

The experiment presented in this section compares the herbage and 

crude prote in production of barley, aix annual forage legume. and the 

parennial, red clover (Trifolium repens L.) under monocropped and 

legume-barley intercropping aystems and evaluates the effect of three 

levels of N-fertilizer on the cropping systems. 
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Section 3 

THE BIOMASS AND PROTEIN PRODUCTION OF ANNUAL FORAGE LEGUMES MONOCROPPED 

AND INTERCROPPED WITH BARLEY (Hordeum vulgare L.) 

3.0. Abatract: 

In thi. atudy, the annual legumea peraian clover (Trifolium 

resupinatum L.), hairy vetch (Vicia villos. Roth.), Nitro alfalfa 

(Nedicago sativa L.), N. eiliaris (L.) Mill., N. seutellata (L.) Mill., 

N. polymorpha L. and the perennial, red clover (Trifolium pratense L.) 

were monocropped (MC) and intereropped (IC) with barley. The 

experiment, aeeded in 1991 and 1992 at Truro, N.S., waa a randomized 

complete block deaign in a aplit plot arrangement with four replicate •• 

Three main plot unita were comprised of t.hree N level.: 0, 30 and 

60 kg N ha"l. SubplC'ita within main plot unita were in a 2 x 7 factorial 

with two levela ~f cropping aystems: MC-Legumes and Legume. IC with 

barley, and the seven Legume Bpecies. One MC plot of barley wa. 

included in each main plot unit. The hypotheae. were that the annual 

.peciea would be more productive within one growing season than red 

clover and, that increaaing N fertilizer levels would increaae harbage 

dry matter (DM) and crude prote in (CP). Three Legume harvest. ware 

taken aach season but bar Ley was harvested only in the first eut. In 

neither year were total DM (TDM) and estimated total CP (ETCP) yield. of 

red clover, monocropa or intercrops, lower than tha rest of the MC 

legumea or intercropa, with an exception in 1992, where ETCP yield of 

rad clover intercropa waa lower than intercrop. of veteh. In 1991, tha 

TOM of intercropa responded positively to 30 kg Nha"· whUe 60 kg Nha"· 

appeared to have a negative effect on TOM. In neither year did the ETCP 

of MC-Legumes or intercrops respond to N level •• 
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3.1. Introduction: 

Legumes, as components of forage awardB, contribute .ymbiotically 

fixed atmoBpheric N and they often increaae grass yields (Ta and Faria 

1987a). On irrigated Bites, ClarkBon et al. (1987) found the incluaion 

of Nedicago scutellata (L.) Mill. and Nedicago truncatulata Gaertn., in 

mixture with summer growing grasees, to double gra •• yielda, an effect 

equivalent to the application of 100 kg Nha"'. Jooat (1989) examined 

winter annual clovers intercropped (IC) with annual ryegraas (Lolium 

multLflorum Lam.) and reportod that while monocropped (MC) ryegras. at N 

fertilizer rate. of !SB and 224 kg ha"' yielded higheat in total sea.onal 

dry matter (DM) (5958 and 6496 kg ha"', respectively), MC-ryegrasa with 

o kg Nha"' (0 N) yielded l.ower (3013 kg ha"') than a11 intercrops, with 

the exception the intercrop of ball claver (Trifolium nigrescens Viv.). 

Although in none of the intercrops was grass N yield higher than that of 

o N Mc-gras. (252 kg Nha"'), all N fertilized MC-grae. trsatments and 

all intercropB (812 to 450 kg Nha"'), with the exception of the ball 

clover intercrop, yielded higher in total N yield than 0 N MC-grass. 

In Prince Edward Island, Kune~iua and Narasimhalu (1983) found 0 N 

binary mixture a of pereian clover (T. resupj~atum L.), red clover (T. 

pratense L.), alfalfa (M. sativa L.) and birdsfoot trefoil (Lotus 

corniculatus L.), each with Italian ryegrass (Lolium multiflorum Lam.), 

produced DM yield. which were, respectively, 84, 72, 63 and 50 , that of 

MC-grasB fertilized with 225 kg Nha"· over the season. These sam. 

mixtures resulted in N yielde which were, respectively, 91, 81, 73, and 

49 , that of N fertilized MC-grass. 

Campared with etudiee involving legume-gra •• mixture., report. on 

legume-cereal intercropping are limited. Su ch etudiee have examined the 

cereal compone nt grown f~~ grain and forage production. In a pot study, 

installed in a winter wheat (Triticum aestivum L.) field in Vienna, 

Hartl (1989) monocropped and intercropped winter wheat with •• pacic 
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group of weeds, black medic (N. lupulin. L.) and par.ian clover and 

found a trend of more grain when winter wheat waa intercropped with 

black medic (approximately 22.5 9 pot"·) than when monocropped (21.5 Il 

pot·,) • Whaat atraw yield, when intercropped with medic wa. 

aignificantly higher than that of weedy wheat and weed DM of weedy wheat 

intereropped with medic was reduced by 55 • compared to weedy wheat. 

Grain yield when intercropped with peraian clover (20 9 pot·) wa. 

alightly decreased, although not aignificantly, compared to MC-wheat and 

weed DM decreased by over 70 , compared to weedy wheat. Kuneliua et al. 

(1992) found barley grain yields to be reduced when Bown in small plot. 

(2 m x 5 m) in alternating rowa with either westerwolda ry.gra •• or 

Italian ryeqrass (L. multiflorum Lam.). Grain DM was most sever.ly 

reduced by westerwolds ryegrass 'Aubade', producing only 71 \ of 

monoeropped grain yield. Red clover had the leaat effect on grain 

yield, allowing ior 90 \ of the monocropped yield. 

As annual legumes complete their life cycle in one season, their 

growth, eompared with that of a perennial, auch aa red clover, would b. 

expeeted to be more vigorous during the establishment year. As Buch, 

annual legumes may compete more effectively in intercrops with cereala 

such aa barley. Samson et al. (1989) interseeded red clover, at 

different times, into existing winter wheat fields and drilled several 

annual legumes into winter wheat in e&l"ly May at two sites in ontario. 

There were no signifieant differeneea in wheat yielda between treatmenta 

on the ailt loam site. On the sandy loam aite, wheat interaeeded with 

the early froat seeding of red clover (3.35 t ha"·) waa aignificantly 

lower than that interaeeded with the late froat seeding of red clover 

(4.36 t ha") and the drilled annual, crimson clover (T. incarnatum L.) 

(4.38 t ha"·). Wheat yield when interaeeded with drilled red clover (J.78 

t ha"), Nitro alfalfa (3.98 t ha") and hairy vetch (Vicia villo.a Roth.) 

(3.82 t ha'·) did not differ trom any treatmenta. Of the legumea, halry 

vetch produced the higheat forage biomaaa on each aite, yielding 3367 
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and 2554 kg ha>· on the eil t and .andy loem, reapectively. On the eil t 

loam, drilled rad clover (678 kg ha>·), Nitro alfalfa (890 kg ha>·) and 

crimson clover (844 kg ha>·) yielded aignificantly lower than the red 

clover froat aeeded treatmenta. On the sandy loem, Nitro alfalfa (1440 

kg ha>·) and crimaon clover (1426 kg ha>·) yielded aignificantly higher 

than the red clover treatmenta. 

Lunnan (1988) examined barley for forage production in Norway 

through monocropR and intercrops with yellow lupin (Lupinua lut.ua L.), 

field bean (Vicia faba L.), t.hree paa cultivars (Piaum sativum L.) and 

common vetch (Vicia sativa L.). Nitrogen yielda of intercropa of forage 

pea and vetch (146 and 143 kg ha>·, reapectively), averaged over 6 aitea 

and 3 yeara, were aignificantly higher than thoae of all other 

intercropa and MC-barley yielded Bignificantly lower (85 kg ha>·) than 

the intercrops, with the exception of the lupin intercrop (91 kg ha>·). 

In addition, the pr~tein concentration of intercropa including forage 

pea and vetch (13.2 and 12.9 \, respectively) were aignificantly higher 

than thoae of MC-barley (7.4 \) and the other lequme-barley intercropa. 

Graaaea, aa atated by Cheatnutt and Lowe (1970), are adapted to 

Bucceed over clover with their earlier growth, deeper root. and more 

upright growth. AB noted by Rhodes (1981), white clover (T. repens L.) 

will often appear drought tolerant when monocropped, but in mixturea, 

lack. thia tolerance. Under conditions of limiting moisture, legumea 

adapted to low rainfall environment. would be expected to be more 

effective aa componenta of intercrops since they should be better able 

to withstand moiature competition. Annual medica are native to arid 

site. in North Africa and the Middle Eaat (Brahim and Smith 1993) and in 

Australia are the main pasture legumes over approximately 50 million ha 

(Crawford et al. 1989). Annual medic pastures were developed mainly in 

Southern Auatralia'a aemiarid agricultural zonea, Mediterranean type 

environmenta with annual rainfalla between 250 and 500 mm (Crawford et 

al. 1989). 
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In North America, the distribution of annual medics Ri. generally 

reetricted to the aouthern atatee and the Pacifie Coast veet of th. 

Cascade and Sierra Nevada mountain ranges" (Rumbaugh and Johnson 1986). 

In 1990, aix annual medic species were brought from ~urkey, thair ar.a 

of origin, vith the objective of evaluating their productivity in 

monocrops under Truro, Nova Scotia conditions. Their forage yielda and 

regrowth vere higher than those observed in Turkey (Altinok, 

unpublished). Forage cropa in Nova Scotia are frequently undersown vith 

a cereal cover crop. Red clover and tLmothy (Phleum prat.na. L.) ara, 

generally, recommended over the use of alfalfa and most other graaBa. 

(Anon. 1991b). Currently, the only recommended annual forage legume in 

Nova Scotia is persian clover, grown monocropped or intercropped vith 

annual ryegrass for paature or silage. Annual legumes, Buch as annual 

medics, intercropped vith barley for forage production, may have 

potential for use in ahort te~ cropping system •• 

The objectives in thia study were to compare herbage and crude 

prote in production of barley, three annual medic .pecies, the annual, 

persian clover, the aemi-dormant alfalfa cultivar 'Nitro' and hairy 

vetch, vhich grow aa annuala in N.S. and the cornmonly grown perennial 

red clover, under monocrop and legume-barley intercrop system.; to 

avaluate the affect of thrae levels of N fertilizar en cropping systems 

and to evaluate the effectivenesa of these intercrop systems. 
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3.2. Material. and Method.: 

Thi. .tudy wa. conducted in 1991 and 1992 at the Nova seotia 

Agricultural College, Bible Hill, Nova Scotia, on a Truro sandy loam. 

Soil .ample. were collected on November 21, 1990 and on November 6, 1991 

for analysi., by the Nova Scotia Department of Agriculture and Marketing 

Plant Industry Branch. Soil organic matter wa. 1.6' in 1990 and 2.1' in 

1991. Soil pH was 6.2 in 1990 and 6.1 in 1991. Lime.tone wa. applied, 

a. required, to raiae .oil pH to 6.4. On May 14, 1991, 1 t ha-' of 

granular dolomitic lime.tone wa. applied and hand raked into the .oil. 

On May 26, 1992, 2 t ha-' of pelletized dolomitic limeatone waa applied 

and worked into the soil with an .-tyne cultivator. 

Although monthly rainfall total. in 1991 did not vary greatly from 

their 30 year normals, the rainfall wa. not evenly di.tributed and part. 

of the growing aeaaon were relatively dry. Weekly total. from aeveral 

week. in June were weIl below the 30 year normal. and 49 , of the total 

monthly rainfall fell in a .ingle day (June 13) (Table 3.1.). Total 

monthly rainfall. in May, June, July, August, September, October and 

November were: 74.2, 64.0, 71.2, 146.1, 202.8, 128.0 and 165.5 mm, 

reapectively (Anon. 1991c). Rainfall. in the .&me month. of 1992 were: 

44.2, 58.0, 68.8, 57.0, 84.7, 96.4 and 84.0, re.pectively (Anon. 1992). 

The experiment was of .plit plot. arranged in a randomized 

complete bloek design with four replieate.. The three main plot unit. 

were eompriaed of three N level. (N) of 0, 30 and 60 kg N ha-' (0 N, 30 N 

and 60 N, re.pectively). Subplot. within main plot unit. were of a 2 x 

7 factorial of two levela of cropping .y.~em. (C): monoeroppad (MC) 

legumes and legumes intereropped (IC) with barley (cv. Chapai.) and 

.even legume .pecie. (Sp) (Table 3.2.). Eaeh main plot unit eontained 

one MC-barley plot. Plot. were hand .eeded on May 27 (replieate. 1 and 

2) and May 28 (replieate. 3 and 4) in 1991; and on May 28 (replieat •• 

1,2 and 3) and May 29 (replieate 4) in 1992. Pathway. wer •• eeded with 
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annual ry.gra •• and trimmed throughout the eea.on. Sead of .everal 

l.gume .peei.. wa. limited and tharefora re.tricted tha plot ar.a to 

0.288 m·l (60 cm x 48 cm). Monocropped legume plota con.iatad of .ix 

row., .paced 8 cm apart and were aeeded to etandard eeeding rate 

recommendations (Table 3.2.). Intercropped plota were 3 rowa of leguma 

alternating with 3 rOWB of barley. S •• ding rate of the IC-legume. wae 

half that of the MC-legume plota aa three legume row. were replaced with 

barley. aarley, monocropped and intercropped, wa. a •• dad in thr •• rowa 

at a rat. of 400 a.eda m'2 • Prior to ae.ding, vetch and the mttdic .eada 

were .carified and all lequme •• eda were inoculated with the appropriate 

atrain of Rhizobium (Table 3.2.). 

Table 3.1. 1991 and 1992 ramfall data (mm) .for the last week of May and month of June. 

Dates Fri. Salo Sun. Mon. Tues. Wed. Thun. Week 30 
Tclal Yeu 

Normal 

1991 

May 24-May 30 5.8 0.2 0.0 11.2 0.3 0.0 0.0 17.5 19.6 

May 31-June 6 0.0 1.4 2.2 S.O 0.0 1.0 0.0 9.6 14.8 

June 7-June 13 0.0 0.8 0.0 0.0 0.5 5.0 31.2 37.5 14.0 

June 14-June 20 1.8 0.3 0.0 0.0 0.0 0.0 0.0 2.1 14.0 

June 21-June 27 0.0 0.0 3.0 0.0 0.0 2.6 2.0 7.6 14.0 

June 28-July 4 S.8 1.4 0.0 0.0 0.0 0.0 0.0 7.2 18.0 

1992 

May 22-May 28 0.0 0.0 0.2 0.0 0.0 3.2 0.0 3.4 

May 28-June 4 0.0 0.0 0.0 4.4 6.6 0.0 0.4 11.4 

June S-June 11 0.0 1.9 0.2 1.0 1.4 0.8 0.0 S.3 

June 12-June 18 1.4 0.3 1.8 IS.6 0.0 0.0 0.0 19.1 

June 19-June 25 0.0 0.0 0.0 3.8 0.0 0.0 14.0 17.8 

June 26-July 2 1.0 0.0 0.0 0.0 3.4 1.0 1.0 6.4 
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Table 3.2. Agronomie practices in field plots of annuallegumes and barley. 

LeJUmc Species LeJUIDC cultivar Seedm, Rate Inoculum. 
and common name (kg ha-l ) 

TrifoUum pralense L. cv. Marino double 10 "B" culture Rhilobium 
cut red clover trifoUi 

T. ruupinalum L. cv. Febx per8ian 10 "R" culture Rhizobium 
clover trifolii 

Medicago saliva L. cv. Nitro aIfaIf. 10 " A· culture Rhizobium 
meUloti 

Vicia villosa Roth. ev. Dr. Baumanns 40 oC· culture Rhizobium 
hairy vetch kguminosanun 

M. ciliaris CL.) Mill. Sea hed,eho, 14.5 " A· culture Rhizobium 
medic meliloti 

M. sCUlellala (L.) Mill. Soailmedic 18.3 "A" culture Rhizobium 
meliloti 

M. polymorpha L. Toothed medic 14 " A· culture Rhizobium 
meliloti 

In 1991, barley germination waB poor, (approximately 6S percent) 

due to low rainfall and plants were counted in the first and second 

barley rows on June 23 and additional barley .own to make up the desirad 

population. WeedB were control~.d throughout the experiment by hand 

cultivation. 

N levels were applied as ammonium nitrate (34-0-0) on June 25, 

1991 and on June 16, 1992. Each application was mixed with 

approximately 1.5 9 of sand, to facilitate application, and applied in 

three ahal10w tranche. par plot su ch that .ach row had acces. to the 

fertilizer on one side only. Soil was then sprinklad over the 

fertilizer to minimize volatilization •• 

Barley stem lengths were takan on Ju1y 18th and 19th, 1991 and on 

July 30th 1992, trom tha middle row, as an average of the ha1ght of f1ve 

plants per row. 

Plots were harvested, by hand, as for s11age to a height of 5 cm 

and the first eut was taken when barley reachad the early dough stage 

(Table 3.3.). The hervast area of IC-plot. was 0.12 m2 (24 cm x 50 cm), 
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includinq the middle barley row and the two lequme rOW8 on either aide 

of the barley row. A 50 cm length of each row w&. harv •• tad, le&ving a 

five cm border at either end. In MC-lequme and barley plota, the 

harvest area was 0.08 m-2 (16 cm x 50 cm) with two middle rowe harv.sted 

from MC-lequme plote and the one middle row harveated from MC-barley 

plots. 

Table 3.3. Harvest dates in 1991 and 1992. 

1991 1992 

Species Cut 1 Cut2 Cut3 c.."ut 1 Cut2 Cul 3 

Ta pralense July 22-3 Aug.28 Oct. 22 JuIy 31 SepiA OcI.21 

Ta rt!Supinatum • Aug.20 Sept. 18 • Aug.31 Sepl.24 

M. saliva • Aug.29 Oct. 22 · SepiA Oct. 2 1 

V. villosa · Sepl.4 - · SeptA OcI.21 

M. ciUaris • Aug.20 Oct.22 • Aug.31 Oct.21 

M. sCUlellala · Aug.28 Oct. 22 · Sept. 9 OcI.21 

M. polymorpha • Aug.20 Oct. 22 • Aug.31 Oct.21 

Barley • - - · - -

Leaf area index (LAI) was estimated in 1992 using a LAI-2000 Plant 

Canopy Analyzer (LI-COR, Inc., Lincoln, NE, USA) which was not 

calibrated due to the amall plot aize. LAI wa. calculated from one 

above-canopy readinq and four below-canopy readinqs replicated five 

tLmes, par plot. The first set of measurementa was recorded on August 

22 and 23-, the second set of measurements wa. taken on November 4- and 

S .... 

Barley was harvested once. Followinq the barley harvest, lequmes 

wer. aqain harvested when they reached approximately 20-30 percent 

flowerinq. ln both years, three harvests of lequmea were taken, with 

the exception of vetch in 1991 which only produced two cuts. After each 

samplinq, all plots were completely clipped and clippinqs removad. 

Freah weiqht. were taken in the field on a triple beam balance. Sampl •• 
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OOwere then placed in a aolar dryer and later dried in a 75· C hot air 

dryer for at least 48 hours and dry weights (DM) taken. Total DM 

production waa calculated in IC-plots as the suro of barley DM in the 

firat eut and the total leguroe DM production of the three cuts. In MC

legume plots, total DM production was equivalent to the total legume DM 

production of the three cuta. 

Dry matter Land Equivalent Ratio (LER) indices were determined 

using formula 1 (Mead and Willey 1980). 

Formula 1. LER s La + Lb .. Ya + Yb 
Sa Sb 

La and Lb are ratios for the 
individual crope. 
Ya and Yb are the IC-yields 
of the individual crope. 
Sa and Sb are the MC-yields of 
the individual cropa. 

Dried barley and legume plants were ground separately in a Wiley 

mill (A.H. Thomas Co., Philadelphia, PA) (20 mesh with 1 mm openinga). 

The concentration of total N was determined on sub-samples from the 

gro~nd tissue from each epacies in the firet and second harvest only. 

Nitroqen valuea of material from the firet harveet in the main plot 

unite receiving JO and 60 kg N ha- I were obtained using a Leco analyzer 

(Leco FP220 Nitrogen Analyzer) while values for main plot units of 0 kg 

N ha-I were determined by Kjeldahl ana1yais in conjunction with the l'If 

analyaie of a aeparate atudy. Nitrogen valuee of all material from the 

second harvest were determined using the Leco analyzer. Crude prote!n 

(CP) waS calcuJ.ated as 6.25 times percent N. 

Since CP analysis was not carried out on the third legume cut, due 

to budgetary conatrainta, compariaona of total CP yield with MC-barley 

do not accurately depict the full patential of the legume total CP 

yield. An estimate of legume CP yield in the third cut wae determined 

based upon the CP concentration of the second cut and the actual legume 

DM yield of the third cut. Fraser et al. (1993) reported the CP 

concentration of two white clover cultivars (T. repens L.), when grown 

in binary mixture with four grase epacies, to remain fairly stable over 

four cute, and the CP concentration of each cultivar in cut 3 to be 
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Oeither aimilar to that of cut 2, or to rank higher. In addition, 

MacLeod et al. (1972) reported CP concentration value. of two 

monocropped alfalfa cultivars which were aimilar between euta 2 and 3. 

Therefore, in this study, the lower herbage from the third eut wa. 

expected to have CP concentration values the same or higher than in the 

higher yielding second eut, and the third eut CP yield wa. more likely 

undereatimated than overestimated. In MC-Isgume plata, thea8 values 

were then compiled with CP yields of the first and aecond euts ta give 

an estimated total CP (ETCP) yield. In lC-plota, the ETCP yield wa. 

calculated aa the aum of barley CP production in the firat eut and the 

total legume CP production of the three cuts. 

Yields and observations were analyzed by analysis of variance 

(Statistical Analysis System Institute Inc. 1985) at the 5 , levei of 

aignifieance. A proteeted LSD test (Steel and Torrie, 1980), unleaa 

otherwiae noted, was utilized for meana comparison where significant 

differencea were indieated. 
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3.3 Reaulta .nd Discuaaion: 

TO'XAL DRY 1lA1"1'ER (DM) PRODUcrION 

MONOCROPPED LEGUMES AND INTERCROPS IN 1991 

In 1991, there w •• no cropping system m.in effect on tot.l DM 

production (Table 3.4.). There w.a a C*N inter.ction .nd within the IC

plot .. the 30 kg N ha-' level, aver.ged over e.ch legwne apecies, produced 

• tot.l DM yield of 8916 kg h.-! which w.s aignific.ntly hiqher than 

tho.e .t 0 N (7313 kg h.') .nd 60 N (7174 kg ha-'). of th. three N 

levels, averaged over .11 legume apecies, only in the 30 N l.vel w.re 

there cropping ayatem effecta on total DM yielda .nd IC-plota yielded 

8916 kg h.-I, which w.s aignificantly higher th.n the 6991 kg h.-! yield 

of the MC-legume plots. Thia positive reaponse of intercropa ta 30 N 

auggesta that sail N waa limtting total DM yield, while the 60 N appe.ra 

ta have h.d • negative effect on total DM yielda. There were no N lev.l 

responsee within MC-legumea, indic.ting that N w.s not limiting their DM 

production. It would be expected that of the cropping ayatems, the 

intercrop would be the moat respon.ive to N .s gr ••••• are able to 

exploit N to a high degree (W.lk.r et al. 1954). Within. b.rley-fi.ld 

pe. (Pisum sativum L.) intercropping etudy, Izaurr.lde et al. (1990) 

reported that .1though barley gr. in yields were not increased with .n N 

fertilizer application of 80 kg ha-!, barley atraw responded with • yield 

increaae of 880 kg h.-I over 0 N fertilized IC-barleYi neither paa grain 

or pea atraw responded to the N fertilizer. That moiature waa a 

limiting factor may explain why th.re wae no continued response of the 

intercropa to 60 N a. thi. wa. a made et application and gra.ae. ar. 

capable of reaponding to a wide range of N fertility (Walker et al. 

1954). In aouthern in1and Queensland, Cl.rkson et al. (1987) 

intercropped tropical grass pastures of either sorghum (Sorghum spp.), 

buffel grass (Cenchrus ciliaris) or green panic (Panicum maximum) with 

either N. scutellata or N. truncatula and fertilized MC-gras. with 
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Table 3.4. Total dry matter ylelds (TOM ka ha· l ) and estimated total crude protein yleldt; 
(ETCP kg ha· l ) m 1991. 

TDM ETCP 

N Sp MC-L IC(B+L) MC-B MC-L IC(B+L) 

0 Pol 6577 5128 9189 1066 639 

Scu 543:; 5793 864 649 

Cil 5646 6206 837 719 

Per 8473 6302 1686 872 

Nit 11625 8429 2265 1265 

Vet 6121 8792 1645 1356 

Red 8967 10542 1937 1648 

30 Pol 4411 6795 8883 731 829 

Scu 4094 7263 724 860 

Cil 7977 7592 1261 932 

Per 7307 10789 1368 1707 

Nit 10024 9959 1797 1391 

Vet 5215 9702 1338 1534 

Red 9911 10310 2114 1654 

60 Pol 5847 5115 10328 989 554 

Scu 3358 6573 577 921 

Cil 7074 6168 1104 718 

Per 11153 7370 2079 1086 

Nit 7818 8419 1465 1227 

Vet 8049 7072 2083 1161 

Red 8639 9501 1873 1502 

LSD 4249 2288 - 878 369 

Sig. Effec~ Sp, C.N C, Sp 

LSD - 2468 - 365 

MC-B 

1046 

896 

1101 

-

Sig. Effectsl> - Sp - Sp, Sp.N 

See footnotes on following page. 

41 



Footnole8 to table 3.4. 

N = N fertilizer levels; Sp = species; Pol = M. polymorpho; Scu = M. sClllellala; Cil = M. ciliaris; 
Per = per8ian c1over; Nit = Nitro alfalf.; Vet = vetcb; Red = red clover; MC-B = monocropped 
barley; C = croppmg system; MC-L = monocropped legume; IC(B+L) = intcrcrop(barley + 
legume); LSD = least significant differcncc; • = monocrop legumos and intercrops, excluding MC
barley; h = mtercrops, including MC-butey; Sig. Effects = significant effects (p < O.OS) . 

• ither 0, 50 or 100 kg N ha,l yaar,l. Under two of the irrigated lite., 

the gr ... responded to incluaion of the medics by doubling in yield, a 

reaponae aimilar to the application of 100 kg Nha'· year'i. Grasl on the 

non-irriqated aite at Roma, did not re.pond to either N ferti.lizer or 

madics due to Low aumlner rainfalla which were on average, 297 lMI over 

five sea80ns. In this atudy, there waa a lignifieant Legume apeeiea 

main effect in 1991 on total DM yielda. Red clover, Nitro alfalfa and 

peraian clover produeed aimilar total DM yielda of 9645, 9379 and 

8,566 kg ha,l, reapectively. Total DM yields of red clover and Nitro 

Oalfalfa were higher than thoae of the other legumea. Red cl.over wa. 

the only perannial included in the Itudy, and may be viewed aa the check 

apeciea. The three annual medica ranked low.st &monq the laqumu in 

tarma of total DM production, with the exception of 

Il. ciliar is which did not differ from vetch. 

MONOCROPPEO LEGUMES AND lNTERCROPS IN 1992 

In l 992, there waa a main effect of croppinq aystem on total DM 

production, with lC-plota producing 51 " more DM than MC-legumel (Table 

3.5.). This response waa similar to a study by Kuneli.u8 et a~. (1983) 

in which TOM yields of intercrops of legume-annual ryegrasa were hioher 

than MC-legumea. The authora reported intercropping legume. with 

Italian ryegra8a to increase DM yielda from 15 , (over MC-par.hn 

clover) to 22 , (over MC-birdsfoot trefoil); while intercroppinq with 
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Table 3.5. Total dry matter yields (rOM kg ha-l ) and estimated total cnade proeein yields 
(ETCP kg ha· l ) in 1992. 

TOM ETCP 

N Sp MC-L IC(B+L) MC-B MC-L IC(B+L) MC-B 

0 Pol 2828 5254 8091 362 447 606 

Scu 4806 6565 159 658 

Cil 3003 4925 539 310 

Per 6878 8039 1409 1078 

Nit 8522 7530 1591 956 

Vtt 35S0 9699 991 2010 

Red 1633 12027 1596 1969 

30 Pol 30S9 6850 8203 376 562 914 

Scu 4884 6323 803 708 

Cil 3069 4992 334 407 

Per 5778 7460 1123 864 

Nit 8705 8912 1590 1138 

Vtt 52S1 115S5 1435 2148 

Red 6219 10203 1230 1699 

60 Pol 4119 6433 10319 446 599 893 

Scu 3800 7498 691 131 

Cil 2888 6856 461 642 

Per 5104 6539 935 798 

Nit 8028 8045 1391 967 

Vet 5403 11825 1557 2122 

Red 7196 9401 ]S08 1400 

LSD 2617 2301 - 500 404 -
Sig. Effects" C. SPI C·Sp Sp, C·Sp 

LSD - 2420 - 431 

Sig. Effectsh - Sp - Sp 

See footnote8 to table 3.4. 
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w •• terwoldl ryegrua increaaed DM yield. from 15' (over MC-penian 

clover) to S2 , (over MC-birdafoot trefoil). In thi •• tudy, a c*sp 

interaction exiated and within the two cropping ayatema, total DM yielda 

of the madica, averaged over each N l.evel, did not differ. The MC-mediclI 

ranked l.oweat of the MC-legumea in total DM production, although If. 

IJcutel.1ata wae not significantly different from parsian clover and 

vetch, while If. polymorpha did not differ from vetch. Within the XC

syatem the total DM yield of the medi.cs were lower than aIl other XC

legumee, with the exception of Il. seutellata and Jf. polymorpha which did 

not differ fram persian clover. Within the lC-ayatem, the total DM 

yielda of intercrops of vetch (11026 kg ha'!) and red clover 

(10543 kg ha 1), averaged over each N lavel, ware higher than thoa. of 

the other intercropa. In the MC-legume ayatem, the total DM yield of 

Nitro al.falfa (8418 kg ha l ), averaged over each N level, outyielded a11 

other MC-legurnea, with the exception of rad clover (7016 kg ha'I). There 

were no aignif icant N l.evel effecta on total DM production under either 

cropping aystem. 

INTERCROPS AND MONOCROPPED BARLEY 

In 1991, the DM yield of MC-barley (9467 kg ha,I), averaged over 

each N l.evel, did not differ from the total DM yielda of intercrop. with 

rad clover, Nitro alfalta and vetch (Table 3.4.). Similarly, Tidwell 

(1985) reported the MC-forage yielda of two wheat cultivar., averaged 

over five maturity stages, to not differ frum yields of wheat-hairy 

vetch intercrops. Roberts et; al. (1989) examined the forage quality of 

wheat-vatch intercropa of four vetch eeedin«J rate. and raported DM 

yielda of MC-wheat to be higher than lC yielda, with the exception of 

vetc:h at the lowest aeeding rate (54 pure live aeed. (PLS) m'2). 

Intercropa with vetch at the higheat eeeding rate (162 PLS m'2) produced 

89 'of MC-wheat yields. In thia .tudy, the DM yield of MC-barley was 

higher than the total DM yielda of intercrops of peraian clover and the 

annual medic.. Kuneliua et Il.1. (1983) reported MC-annual ryegraa. 
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fert.ilized with 225 kq N ha·1 over the .e.son, to have produeed hiqh.r DM 

yiald. than t.ho.a of 0 N fartilized intererep.. Intererepa cont.ining 

ltal..ian ryegrasa predueed DM yielda rangi.nq from only 50 , of MC-Italian 

ryegra .. yi.eld (",hen IC with bird.foot trafoil) ta 84 , ef MC-gra .. 

yiel.d (when lC with peraian elover); intercropa containing we.terwold. 

ryegraa. produced DM yields ranqinq from 52 , of MC-westerwold. ryllgraa. 

yield (when lC with birdefoot trefoil) to 70 , of MC-qraa. yield (when 

lC w.ith persian clover). 

In 1992, the DM yield of MC-barley (8B,71 kg ha 1), averaged over 

each N level., wa. lower than th. total DM yielda of lnt.rerep. of vetch 

(11026 kg h.··) and rad clover (10543 Kg ha 1). KuneHua et al. (1983) 

found 0 N MC-weaterwolda ryeqra •• to yield lower than aIl intercrop., 

wit.h the exception of intereropa of birdafoot trafoil, and intarcropa of 

rad clover produced 29 , more DM than MC-graa.. In thi. atudy, aimilar 

to 1991, the DM yi.eld of MC-barley did not differ from Nitro allalfa 

intercropa and wae higher than intercrops of persian c lover aJl1d the 

medi.c. (Table 3.5.). 

ES~IMAftD TO'lAL CRUDI PRC)TI11f PRODUCTIOII 

CROPyING SYSTEMS OF MONOCROPPED LEGUMES AND INTERCROPS 

In 1991, although the total DM yiel.d. of MC-legumea and lC-plot. 

were aimilar, there was a cropping system main effect on estlmated total 

CP (ETCP) yi.eIds wi.th MC-lequmea (1419 kg ha··) outyielding intercropa 

(1106 kg ha-I) (Table 3.4.). The species main effect of red clover 

(1788 kg ha-I ) wu higher than paraian clover (1466 kg ha··) and the 

annual medi.ca, yat similar to thoaa of Ni.t.ro alfalfa and vatch. The 

annual medica were loweat in ETCP. 

In 1992, although the total DM yield of lC-plota WBI, higher than 

MC-Iegumea, there wa. no cropping ayatem main affect on ETCP yieid. 

(Table 3.5. ). There w .. a C*sp interacti.on, and in monoerop. the 

spec.iel main affect of Nitre alfalfa (1528 kg ha··) wa ... imilar te rad 

elover and veteh but higher than persian clover and the Dladiea with MC-
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medic. yielding low •• t in ETCP. Undar th. int.rcropping .y.tem the 

.peci •• main affect of vetch (2093 kg ha-·) wa. higheet of aU intercrop8 

in ETCP production and red clover (1689 kg h~-·) wa8 higher than the 

other intercrop8. The medic8 were lowe8t in IC-ETCP with the exception 

of 8 •• eu~ella~a whieh yielded .imilarly to par.ian clover. 

INTERCROPS AND MONOCROPPEP SABLEY 

Within the IC-plot. and UC-barley of 1991 there w .. a Sp*N 

i~taraction (Table 3.4.). In 1991, at 0 N the CP yield of MC-barley wa. 

lower than the ETCP yield of intercropa of red claver and wa. higher 

than thoae of 8. aeutellata and 8. polymorpha. At the 30 N level, 

intareropll of persian clover, rad elover, vetch and Nitro alfalfa did 

not diffar and were highar in ETCP than the annual medie intercrop. 

MC-barley. At 60 N, the ETCP of red c lover intercropa wa. highe8t, 

while MC-barley wa. higher than intercrop. of 8. eiliaria and 

Il. polymorphe. 

and 

In 1992, the CP yiald of MC-barley (804 kg ha-'), avaraged over aIl 

N levaI., rankad lower than the ETCP yield. of intarcrop. of vetch, and 

red clover (2093 and 1689 kg ha'·, respectively) (Table 3.5.). 

Similarly, Lunnan (1988) reported MC-barley (whole plant .ilage) to be 

.ignificantly lower in N yiald than barley-Iegumo intercrop., with the 

exception of yellow lupin and MC-barley produced only 58 and 59 , of the 

N yield. of intercropa of forage paa and vetch, respectively. Robert. 

et al. (1989) found the CP concentration of MC-wheat to bo aignificantly 

lower than intereropa with vetch, and a. the aeeding rate of the IC

vetch increased, the CP yield of the intercrop increaaed. Intercrop. of 

the higheat vetch 8eeding rate produced 20 ~ more CP than MC-wheat. In 

thi •• tudy, the CP yield of MC-barley wa8 only highar than the ETCP 

yield. of intercropa of 8. polymorpha and 8. ciliaria. 

BARLBY OBSERVATIORS 

In both 1991 and 1992, there were no treatment effect. on barlay 

height (data not ahown). Xunaliu. et al. (1992) a180 reportad barley 
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height wa. not affected when intercropped with either westerwold. 

ry.graee, Ita1ian ryegra •• or red clover. Hartl (1989) r.ported that 

wheat .tem lengtha were not affected when intercropped with either black 

medic (H. lupu~ina) or par.ian clover in either a pot or field .tudy. 

But, in the pot study, intercropping with a specific group of waed. 

decreased wheat stem length by 6.7 cm compared to MC-wheat and .tem 

lenqth wa. decreaaed by 4.1 cm when black medic wa. included in the 

whaat-weed intercrop. 

In both 1991 and 1992, there were no treatment effect. on barley 

CP concentration (data not .hown). Ta and Pari. (1987b) reported the CP 

concentration of the following graaae.: t~othy (Phleum praten •• ), 

bromegrasB (BromuB inermis), red fescue (Festuca ruba), taii fescue 

(Fe.tuc. arundinace.) and orchardgraas, ta be higher whan intarcropped 

with each of the following legumas: alfalfa, red claver and bird.foot 

trefoil. Thi. trend was illuatrated by th. CP concentration of MC-tall 

faBcue, 181 g kg,J, at cut four, which wa •• ignificantly lower than tho •• 

of tall feacue intercroppad with either of the legume.: the CP of tall 

faBcue intercropped with alfalfa, red clover, and birdafoot trafoil wa. 

209, 206 and 212 9 kg,J, resp8ctivaly. Lunnan (1988) found the protain 

contant of MC-barley (74 g kg") to not differ from that of barley 

intarcropped with the following legumes: yellow lupin (Lupinu8 lut.ua), 

field bean (Vicia faba) and two pa. cultivar. (Piaum .ativum) but, 

barley intarcropped with forage pa. (91 9 kg") and vetch (88 9 kg") wa. 

higher in prote in content than MC-barley. In our .tudy in 1991, barlay 

DM, averaged Over aIl cropping treatment., at 30 N (7034 kg ha") tended 

to yi,eld higher, although not aignificantly, than at 60 N (6021), or 0 N 

(5955 kg ha,l) (Table 3.6.). There waa a significant main affect of 

spacie. on bar1ey DM yield. and barley CP yield •• 

DABLEY DRY MATTER PROpUCTION 

In 1991 and 1992, IC-legumea were apparantly compating with barley 

for re.ource. as MC-barley DM yield. (9467 and 8871 kg h.", 
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Table 3.6. Bulcy dry matter Yleld (ki ha·l ) (DM) and erude protein yield (kg ha°l
) (CP) in 

1991 and 1992. 

1991 1992 

N Buley CT DM CP DM CP 

0 Pol 4701 536 4925 400 

Seu 5514 640 5825 532 

Cil 5959 672 4825 357 

Per 4851 558 5779 598 

Nlt 5421 601 4565 376 

Vet 5032 563 3887 386 

Red 6973 767 4727 335 

MC 9189 1046 8091 606 

30 Pol 6372 739 6715 546 

Seu 7011 810 6054 658 

Cil 7081 831 4931 401 

Per 6848 817 5323 437 

Nit 6585 731 5677 479 

Vet 6818 793 5710 491 

Red 6669 790 5160 502 

MC 8883 896 8203 914 

60 Pol 4869 511 6127 557 

Seu 6383 876 7033 653 

Cil 5755 647 6712 627 

Per 5024 576 4840 452 

Nit 5283 593 5479 492 

Vet 4425 470 6479 628 

Red 6102 722 5117 439 

MC 10328 1101 10319 893 

LSD 2324 302 2069 327 

Sig. Effects Sp Sp Sp Sp 

CT = croppina treatment; MC = monocrop; sec fooblotes to table 3.4. 
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reapeetively), were highar than barley in Any intarerop (Table 3.6.). 

Robert. et al. (1985) alao found wh.at ahoot yield when intercroppad 

with hairy vetch to be lower than MC-wheat, and ae vetch eeeding rat. 

inereased, the IC-wheat shoot yield also decreased. Wheat intereropped 

with veteh at 162 pure live aaada mol produced only 67 , of MC-whaat 

shoot yield. Although Stewart et .~. (1980) raported that grain yielde 

of MC-barley did not differ from that of barlay intarcroppad with each 

of four red clover cultivar. and two white clover cultivar., the author. 

did ob.erve that towarda the tima of harvaat, tha broad rad clover 

cultivar. appeared to dominate ahortar atrawed barley cultivara. In a 

pot etudy, Harti (1985) aleo reported a trend for le88 grain when winter 

wheat was intercropped with peraian claver compared to MC-whaat, and 

wheat atraw yielded lower in the intercrop, comparad to weady wheat. 

Also, the authora noted a trend for more grain when the IC-legume wa. 

black medic and that straw yields were higher in the intercrop comparad 

to weedy wheat. On a silt loam site, Sampson et al. (1989) found the 

wheat yields of several wheat-legume intarcropa to not diffar and on a 

sandy loam, the only differencs in whaat yielda between intercropa wa. 

with the early frost seading of red clover (3.35 t ha>·) being lower in 

wheat yield than that of the late froet seeding of red clover 

(4.36 t ha>·) and that of the drilled annual, crime.on claver 

(4.38 t ha>·). In our study in 1991, the DM yield of barley intereropped 

with If. polymorpha (5314 kg ha>·) was lower than barley intercroppad with 

red clover (6581 kg ha>·) while barley intereropped with al! other 

legumes did not differ. 

ln 1992, barley DM yield. when intereropped with Nitro alfalfa and 

red clover (5240 and 5001 kg ha>·, reBpectively) were lOWBr than barlay 

intercropped with If. Beutellata (6304 kg ha>·) while barley intereroppad 

with all other 1egumes did not differ. 

In neither year did barley DM respond to N fertilizer 

applications. Plant available N waB not lLmiting plant growth. 
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SABLEt CRUDE PROTEIN PRODUCTION 

In both years, the CP yield of MC-bar1ey .xceeded tho •• of IC

badey (Table 3.6.); this was related to DM yields as the CP 

concentration of barley was similar under the two eropping systems (data 

not shown). In 1991, CP yield. of barley inte'l!'cropped with vetch and 

Il. polymorpha (609 and 596 kg ha-I) ware lowar than those of bar Ley 

intercroppad with If. seut.Ilata and rad claver (776 and 760 kg ha-l, 

respactively). Barley CP yield when intercropped with a11 other legume. 

did not differ. 

In 1992, the CP yield of barley intereroppad with Il. seutellata 

(614 kg ha-I) was higher than bar Ley intercropped with red clover (425 kg 

ha-I), while barley illtercropped with a11 other Legumes did not differ. 

In neither year did barley CP yield respond to N fertilizer 

appl icat ions. 

PERCENT LEOUIIB DRY IlAftBR YIBLD or INTERCROPI IX eUT 1 

In 1991, the percent DM yield of vetch in intercrop. (13.6 \), 

averaged over each N-lavel, wa. higher than tho.e of the other legume 

apacie. (Table 3.7.). Lunnan (1988) alao reported a high vetch content 

in legume-barley intererop., when intarcropa of veteh and forage paa had 

the higheat Legume composition, producing 43.7 , and 39.1 \, 

reapactively, of the intercrop DM yield. In thi. etudy, a11 other 

apecies did not differ. with the exception of Il. seut.llata (1.0 \) 

which waa lower than persian clover (5.8 '). 

In 1992, thera waa a SP*N interaction (Table 3.7.). At each N

level the percent Legume yield of IC-vetch ranked higheat of the 

Legume.. Within the 0 N level the percent age Legume yield of the other 

IC-legume. did not differ, with the exception of If. ciliaria which wa. 

also Lower than red claver and peraian clover. At 30 N, the percent 

Legume yield of XC-parsian claver ranked higher than that of Nitro 

alfalfa and the XC-medie. ranked lowest. At 60 N, the percent lequma 

yield of IC-paraian claver was higher than that of Il. seut.llata and 
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Table 3.7. Land equivalent ratio (LER), intercrop crude protein yield (ka ba· l ) (IC-CP) and 
percent legume companent of mtercrop dry matter yield (L ~) in cut lof 1991 and 1992. 

1991 1992 

N Sp LER IC-CP L% LER IC-CP L% 

0 Pol 0.58 569 4.3 0.68 423 4.4 

Seu 0.63 649 0.8 0.76 549 2.3 

Cil 0.75 691 2.5 0.68 366 1.7 

Per 0.65 594 5.6 0.87 680 12.2 

Nit 0.67 621 3.2 0.71 426 8.5 

Vet 0.93 831 11.9 1.64 800 31.6 

Red 0.89 806 2.8 0.90 466 12.2 

30 Pol 0.94 764 2.6 0.98 559 1.7 

Seu 0.97 822 1.0 0.77 667 1.0 

Cil 0.98 868 3.9 0.65 404 0.8 

Per 1.08 894 5.8 0.88 515 8.0 

Nit 0.95 769 3.4 0.85 ~32 5.3 

Vet 1.16 974 11.4 1.25 778 17.0 

Red 0.93 842 3.6 0.85 567 6.6 

60 Pol 0.51 539 3.4 0.66 583 3.5 

Scu 0.69 890 1.2 0.77 666 1.5 

Cil 0.61 671 3.1 0.73 635 1.4 

Per 0.62 641 6.0 0.66 503 5.6 

Nit 0.62 631 4.3 0.61 522 3.4 

Vet 1.88 613 11.4 1.12 837 12.4 

Red 0.71 767 3.6 0.60 475 3.9 

LSD DB DB 4.8 0.35 271 7.1 

Sig. Effects - - Sp Sp Sp Sp, Sp·N 

DB = not significantly different (p <0.05); See footnotes :.0 table 3.4. 

51 



N. ciliari.. With~n intercropa of vatch, red claver, paraian claver and 

Nitro alfalfa, the proportion of legume in the intercrop tended to 

increaae aa the rate of N fertilizer decreaaed. Similarly, Frame and 

Boyd (1987a) reported increaaing spring N fertilizer applicationa, of 0, 

25, 50 and 75 kg Nha"', to a mixed award of two perenn~al ryegraa. 

cultivar. and two white clover cultivars, progreseively decreased white 

clover contant. In addition, Frame and Boyd (1987b) applied four annual 

rates of N fert.ilizer (0 1 120, 240 and 360 kg Nha"') to mixture. of four 

white clover varieties with parennial ryegra.a, and reported that 

although fertilizer N increased total herbage production, there was a 

ateady decline in white clover content with increasing N rates. 

LEGUME DRY MATTER YIELD 

CROPPING SYSTEMS OF MONOCROPPED LEGUMES AND INTERCROPS 

A c*sp interaction exiated in all three cuta for both yeara 

including the total of theae cuts in 1992 (Tables 3.8. a~d 3.9.). As 

well, in each cut of both yeara, with the exception of cut 3 in 1992, 

and including the total of theae eut., there was a main effect of 

cropping system on legume DM yield. Legume DM yields of MC-legumea were 

higher than those of IC-legumes. The IC-legumes were seeded at half the 

rate of the MC-legumes, but, at cut 1 in both ~~.r. the IC-legumea 

yielded much less than half that of the MC-legumes as a result of barley 

competition. Sulc et al. (1993) monocropped and intercropped alfalfa, 

in all plots at 18 kg ha"', with five ryegraaa cultivars and oata (Avana 

Bativa L.) under different environmenta. ln environment. receiving 

adequate rainfall, alfalfa yields were auppresaed by all intercrop 

components, and produced only 12 , ta 28 , of MC-alfal~a yield. In an 

environment in which moisture was limiting during the time of 

establishment, ryegrass growth was reduced, allowing for higher IC

altalfa yields. The intercrop component of aats reaulted in the lowe.t 

alfalfa yields, producing only 24 , of MC-alfalfa in one year and 39 , 

of MC alfalfa in the next year. ln our atudy in eut l of 1991, 
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Table 3.8. Legume dry matter yields (kg ha· l ) of the three cuts and their totals m 1991. 

N Sp Cut 1 Cut 1 Cul 2 Cut2 Cut3 Cut3 Total Total 

MC-L IC-L MC-L IC-L MC-L IC-L MC-L lC-L 

0 Pol 5147 218 909 76 521 133 6577 427 

Scu 1281 44 3001 108 1151 127 5433 279 

Cil 3029 140 1266 83 1352 24 5646 247 

Per 2533 261 4278 721 1661 469 8473 1451 

Nit 2627 171 S371 1466 3627 1370 11625 3008 

Vet 2671 1006 3450 2754 - - 6121 3760 

Red 1691 181 3923 1182 3353 2207 8967 35(1) 

30 Pol 2759 154 609 102 1042 166 4411 422 

Scu 1134 63 2124 50 836 138 4094 252 

Cd 4753 240 1569 178 1655 93 7977 511 

Per 2813 397 3538 1706 956 1838 7307 3941 

Nit 2574 214 4320 1814 3130 1345 10024 3373 

Vet 2294 708 2922 2176 - - 5215 2884 

Red 2977 238 4348 1496 2586 1907 9911 3641 

60 Pol 4047 17J 1019 75 781 0 5847 246 

Scu 897 69 1895 112 366 8 3358 189 

Cd 4194 167 1350 150 1530 97 7074 414 

Per 3264 322 6022 1167 1867 857 11153 2346 

Nit 2249 224 3456 1619 2113 1293 1818 3136 

Vet 1593 603 6456 2044 - - 8049 2647 

Red 2093 219 4052 1335 2494 1846 8639 3399 

LSD 2125 261 2799 739 948 476 4249 1045 

Sig. Effects C, Sp, C*Sp C, Sp, C*Sp C, Sp, N, C*Sp C, Sp 
C*Sp*N 

MC-L = monocropped legume; IC-L = intercropped legume; See footnotes to table 3.4. 
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Table 3.9. Legume dry matter yaelds (ka ha'l) of the three cuts and their totals in 1992. 

N Sp Cut] Cut 1 Cut 2 Cut2 Cut 3 Cut 3 Tolal Tolal 

MC-L IC-L MC-L IC-L MC-L IC-L MC-L IC-L 

0 Pol 3229 219 463 88 79 23 3771 329 

Scu 2609 123 1666 485 531 131 4806 740 

Cal 1500 71 563 17 941 13 3003 100 

Per 2781 544 2681 940 1415 776 6878 2260 

Nit 2556 336 2997 796 2969 1833 8522 2966 

Vet 1578 1646 1172 2691 800 1475 3550 5812 

Red 2378 650 2592 2521 2663 4129 7633 7300 

30 Pol 2503 117 497 17 S9 2 3059 135 

Scu 2016 54 1978 106 891 108 4887 269 

Cil 2075 38 684 21 309 2 3069 60 

Per 2303 435 2459 838 1016 864 5778 2137 

Nat 1956 298 3077 868 3672 2069 8705 3235 

Vet 2559 1179 1613 2203 1078 2462 5251 5845 

Red 1622 325 2023 1605 2575 3113 6219 5042 

60 Pol 3522 221 447 73 150 13 4119 306 

Scu 1538 102 1556 156 706 206 3800 465 

Cil 1625 94 509 29 753 21 2888 144 

Per 1938 290 2191 769 976 641 5104 1700 

Nit 2672 188 2674 701 2681 1677 8028 2S6S 

Vet 2031 877 1457 1621 1916 2848 5403 5346 

Red 2122 206 2568 1011 2506 3067 7196 4284 

LSD DB 310 1070 616 880 1015 2578 1440 

S!g. Effects C, Sp, C*Sp C, Sp, C*Sp Sp, C.Sp, Sp*N C, Sp, C*Sp 

MC-L = monocropped legume; IC-L = intercroppcd legume; DB = not significantly different 
(p < 0.05); See footnotes to table 3.4. 
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IC-legumes yielded 10 , of MC-legume yield and in 1992, were 17 , of MC

lequma yield. In 1991, at eut 2, IC-laqumea produead 31 , of MC-laguma 

yield and at the third eut IC-legumes produead 45 , of MC-lagume yield, 

resulting in total legume DM yield of IC-legumes being 26 , that of th. 

MC-legumes. In 1992, at eut 2, IC-legumea yielded 49 , of MC-legume 

yield and by the third eut yielded 88 , of MC-legume yield, resulting in 

the total legume DM yield of intercropa being 46 , of the MC-leguma 

yield. 

In 1991, IC-legumes produced 4.9 , (overa1l mean) of cut 1 

intercrop DM yield whil. in 1992, IC-legumes produced 6.9 , of thi. 

yield. The IC-legumea of 1991 were le8. able to recover from barley 

competition, and as a result, IC-total DM yields were aimilar to MC

lequme total DM yields. The apparently more vigorouB IC-legumea of 1992 

were better able to recover from barley competition, resulting in a 

eontinued high performance of the intererops. 

It is possible to theoretically compare equal legume eeeding rate. 

of the two cropping ayatems by dividing MC-legume yielde in half. In 

eut 1 of 1992, MC-vetch would have only yielded 83 , of ite inteLcrop 

yield, while in 1991 no MC-legumes would have been lower than thair 

intercrop yield. In cut 2 of 1992, MC-vetch would only have yialded 

33 , of its intercrop yield and red clover, 70 , of its intercrop yield, 

but in 1991, MC-vetch would have yielded 92 , of its IC-yield. In eut 3 

of 1992, all MC-legumes yieldad la •• in monoerop than intarcrop, with 

the exception of the medic., while in 1991 only MC-red clover and MC

persian clover yielded less in monocrop. With the exception of the 

medica, DM yield of the IC-legumea appeared to hava been atimulatad in 

1992. In 1992, the MC-legumee may have been competing for .imilar 

resourcee and the replacement of half of the legumea with barley 

leaaened the degree of intraapecific competition. After barley had baan 

harvested in cut l, its growth in euta 2 and 3 waa negligibla, and it 

was highly probable that intraapecific competition wa. highar et the 
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greater plant denaitiea of the monocrops than the low denaity 

intraepacific competition plu a marginal interapacific competition of the 

intercropa. 

In 1991 there waa a species main effect on total legume DM yield 

with Nitro alfalfa and red clover (6498 and 6354 kg ha-I) yelding higher 

than all other legumea, with the exception of parsian clover. The total 

legums DM yield of the medics were loweat with the exception of 

N. ciliaris which yielded sbnilarly to veteh. The only signifieant N 

level affect on legume DM yie1d, averaged over each lagume .pecia., 

occurred in the third cut of both 1991 and 1992. In the third cut of 

1991 there waa an N level main effect on legume DM with 0 N and 30 N 

(1333 and 1308 kg ha-l, reapectively) yielding higher than 60 N (1121 kg 

ha-I). If the 60 N of eut 3 reau1ted in decreaaed N2-fixation due to 

expoaure to mineral N, aa reported by McAuliffe at al. (1958) and 

Rongquing et 41. (1992), this alone would not explain tha nagativa 

reBponae to the main effect of 60 N. This additional N would hava baen 

available in monocrops and in intercropa but the barley did not re.pond 

to thia additional N (Table 3.6.). 

LEGUME DRY MATTER YIELD IN MONOCROPS 

In eaeh eut of 1991 there wa. a significant apecies main effect on 

HC-legume OH production (Table 3.8.). In the firat cut, HC-~. ciliaris 

and N. polymorpha produced respective DH yields of 3992 and 3985 kg ha-I 

which were similar to par.ian clover but, higher than Nitro alfalfa, red 

clover, veteh and N. scutellata. AB the annual medieB are native to 

arid sitea in North Afriea and the Middle EaBt (Brahim and Smith 1993), 

their aueeeBB may have been related to drought toleranee in June and 

July 1991. By the time of the aecond cut, the MC-medics ranked 10wer 

than the other legumea which yielded aimilar DM values. In the third 

eut, Nitro alfalfa (2957 kg ha-Il and red clover (2811 kg ha-I) yielded 

higher than the other legumeB, while If. c~li.ris (1512 kg ha-') and 

perBian clover (1495 kg ha-I) did not differ and were higher yielding 
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than N •• eutellata and ~. polymorp~a. The only main affect of N lavaI 

on legume DH yield, oceurred in the third eut where the 0 N Laval leQum8 

DM yield of 1944 kg ha"' was higher than ei thar tha 30 N or 60 N lavele 

(1701 and 1559 kg ha"', respectively). HcAuliffe et Ill. (1958) al.o 

observed a negative effect of Il fertilizer (224 kg Nha"') on ladino 

clover grown in association with tall feBcue in a pot Btudy in which 

clover growth was decreased and chlorosis occurrad at thi. N level. The 

authors eould offer no axplanation for thi. affect. Chestnutt and Lowe 

(1970) noted saveral report. in which small amount. of combined N aided 

in the e.tablishment of legumes and their nodulation, but increa.ing N 

levels led to a reduction in the number of effective nodulea. In this 

study, the applied 60 N may have inhibited the early nodulation of the 

Legumes and by the time of the third cut, the compenaatory eff~ct of the 

early applied N may have been exhausted. 

There waa no main effect of specieB on MC-legume DM production in 

the first 1992 eut. This laek of response may have been due to the more 

evenLy distributed rainfaL1B; the leguma. wara not moiature limited •• 

in 1991. There were main affects of speeies on MC-legume DM production 

in the following cuts and of the total of thase cuta (Table 3.9.). In 

the second eut, monoeropa of Nitro alfalfa, peraian elover and rad 

elover (2916, 2444 and 2394 kg ha"·, reapectively) were not different and 

were higher in legume DM yield than the other MC-Legumes, while 

~. ciliaris (585 kg ha"') and ~. polymorphll (469 kg ha"') ranked lowest of 

the MC-legumes. At the time of the third cut, the Nitro alfalfa DM 

yield (3107 kg ha"') was higheat of the MC-Legumes followed by red clover 

(2581 kg ha"') whieh waa higher than the other HC-legumes, whUe 

Il. polymorpha (98 kg ha"') ranked lowe.t. The total MC-legume DM yields 

of Nitro alfalfa (8418 kg ha"') and red clover (7016 kg ha"') did not 

differ and were higher than thoae of vetch and the medies, and rad 

elover did not differ from persian elover (5920 kg ha"'). In monoerop., 

KuneLiua and Naraaimhalu (1983) found that in terma of total DM yield 
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(of three cutS), parsian clover wa. the moat productive legume (7138 kg 

ha l ), followad by rad clover (5949 kg ha-I), alfalfa (5157 kg ha-I
) and 

birdsfoot trefoil (4024 kg ha-I
). In this atudy, there were no 

signifieant N level effecta in Any of the cuts. 

LEGUME DRY MATTER YIELD IN INTERCROPS 

In aach cut of 1991, there was a main effeet of species on IC

legume DM yield (Table 3.8.). In each of these cuts, the thrae madica 

rankad loweat in DM yield, although in eut l, N. ciliaris and 

N. polymorpha were similar to rad clover and Nitro alfalfa. At the time 

of the first and second cuta, IC-vetch DM yields (773 and 2325 kg ha-l, 

respeetively) were higher than thoae of the other legumes. In the third 

cut a SP*N interaction exiated. Within each N lavel of the third cut, 

lC-legume DM yields of red clover were higheat of the IC-legumee but at 

30 N red clover did not differ from paraian elover and Nitro alfalfa. 

The yielda of the lC-medics were lower than the other lagumea at eaeh N 

level with the exception of N. polymorpha &nd N. Bcut.llata at 0 N, 

whieh yielded similarly to peraian elover. 

In 1992, a SP*N interaction exiated for cuta 1 and 2; at the firet 

eut, vetch had the higheat IC-Iegume DM yielda at aach N lavaI and at 60 

N all other IC-laqumes did not differ in DM yield (Tabla 3.9.). AIBO in 

eut 1, within the 0 N level, red clover DM yields were higher than thoae 

of N. Bcutellata and N. ciliaris, and at 30 N the medica were alao lowar 

than peraian and red clovara. At the second cut under the 0 N and 30 H 

levela, vetch and red clover did not differ in legume DM yield and 

outyielded the other legume speciea. At 60 N, veteh outyielded all 

other IC-legume apeciea. At cut 3 and for the total of the 3 cuts, the 

legume DM yields of the IC-medies did not differ from a.ch other and 

were lower than thoaa of the othar legumes. At eut 3, red clover 

(3436 kg ha-I) yielded higheat of the legumea while vetch and Nitro 

alfalfa (2262 and 1860 kg ha-I) were higher than peraian clover 

(760 kg hal). The total legume DM yields of IC-vetch and rad clover 
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(5667 and 5542 kg ha"·, respectively) were higher than the other le'1ume. 

while Nitro alfalfa (2922 kg ha"·) wa. highar than peraian clover. 

The competitive ability of vetch grown with barley wa. clearly 

demonstrated in cuta one and two, of both year.. Although in both 

yeare, vetch legume DM wae higher than the other legumea when 

intercropped with barley, ita aaaociated barley yielded DM valuee which 

did not differ from thoae of the other legumea. Therefore, vetch wa. 

not competing more with barley than the other legumea for growth 

factora, it was either relying more on ite own reaourcea, poesibly 

through higher N2-fixation, or it wae exploiting soil volumes not 

explored by barley roota or received more light than other legume •• 

Samson et al. (1989) alao found vetch to be highly productive when 

intercropped with winter wheat and to not depresa grain yielde. The 

authors found drilled vetch on a .ilt loam eite te) yield a faH bioma •• 

of 3367 kg ha"·, which waa higheat of the legumea, early froat aeeded red 

clover produced the second highest biomass (1569 kg ha"·) while drilled 

red clover (678 kg ha"'), Nitro alfalfa (890 kg ha:') and crimaon clover 

(844 kg ha"') did not differ. On a eandy loam site, vetch biomas. (2554 

kg ha"') was also highest of the legumea, followed by Nitro alfalfa (1440 

kg ha"') and crimson claver (1426 kg ha"'), which did not differ, and 

drilled and frost seedings of red clover produced the least biomae.. In 

our etudy, vetch DM yield ranked much lower under monocrop conditione. 

In the third eut of our atudy in 1991, regrowth of vetch wa. negligible 

and this material was not harvested. 

LBOUMB CRUDS PROTEI. CONCBIITRATION 

In 1991 a c*sp interaction exieted in eut. one and two in terme of 

legume CP concantration, and thara wa. a main affect of cropping .yatem. 

on legume CP concentration (Table 3.10.). In eut one, the CP 

concentration of MC-legumea (202 9 kg"') was higher than that of IC

legume. (191 9 kg"·), although Il. polymorpha and If. ciliari. tended to be 
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Table 3.10. Legume crude protein concentration (J kg>l) in eut 1 and 2 of 1991. 

N Sp Cut 1 MC-L Cul 1 IC-L Cut 2 MC-L Cut 2 IC-L 

0 Pol 159 IS6 18S 318 

Scu 235 192 135 -
Cil 128 13S 172 266 

Per 217 199 195 229 

Nat 180 167 197 225 

Vet 278 264 268 264 

Red 228 213 213 248 

30 Pol 146 177 222 257 

Scu 225 193 ISS 207 

Cil 132 ISO 186 230 

Per 218 196 170 231 

Nit 176 177 181 198 

Vet 232 244 285 26S 

Red 232 21S 207 240 

60 Pol 165 169 20S 207 

Scu 242 19S 143 238 

Cil 142 144 179 189 

Per 218 204 182 222 

Nit 189 164 186 204 

Vet 262 239 271 268 

Red 234 210 210 234 

LSD 29 37 31 41 

Sig. Effects C, Sp, C*Sp C, Sp, C.Sp, C*N, C.Sp*N 

MC-L = monocropped leaume; IC-L = intercropped legume; See footnotes to table 3.4. 
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higher in intercrop. By the time of the second eut, the oppo.ite we. 

true and the CP concentration of IC-legumea (235 g kg-') wa. higher then 

that of MC-legumea (197 9 kg-'), although vetch tended ta be higher in 

monocrop. Within MC-legumeB and IC-legumeB at eut 1 and eut 2 of 1991, 

the vetch CP concentration wa. higheat of the legumea, although at eut 2 

within IC-Iegumea the vetch CP concentration wea not aignificently 

higher than that of If. polymorpha (255 9 kg-'). Of aeveral legumea 

intercropped with barley, Lunnan (1988) alBo found the protein content 

of vetch (190 9 kg-l) to be higheat, although not aignificantly higher 

than forage pea. Under monocropa and lntercropa, at eut l, If. ciliaria 

(134 and 143 g kg"', reapectively) yielded the lowest of the legumea for 

CP concentration. 

In the 1992 eut one, the CP concentration of MC-legumea 

(172 9 kg"'), waa higher than that of the IC-legumea (162 9 kg"') (Table 

3.11.). This ia in contraBt to reaulta of Ofori and stern (1986) who 

found intercropping did not affect N concentrationa of maiza and cowpea. 

The CP concentration of vetch (249 9 kg-'), averaged over .ach N-leval 

and cropping aystem, waa the higheBt of the legumea, followed by rad 

clover (202 9 kg"') which waB the higheat of the ramaining legumea. Of 

the MC-legumea atudied by Kuneliua and Naraaimhalu (1983), the CP 

content of red clover (209 9 kg"') ranked higheat, followed by alfalfa 

(207 9 kg"I), birdafoot trefoil (192 9 kg"') and peraian clover 

(169 9 kg"'). In thia atudy, the medica ranked loweat of the legumea, 

with the CP concentration of If. Bcutellata (161 9 kg-') being aimilar to 

that of Nitro alfaifa. At the time of the aecond 1992 cut there wa. no 

aignificant difference betwaen cropping ayatema for CP concentration and 

a C*Sp interaction exiated and in MC-legumea there waa a main effact of 

N-level on CP concentration with the 0 N (217 9 kg"') being higher then 

thoae of the 60 N (198 g kg"') or 30 N (192 g kg"'). Under both cropping 

ayatemB of eut 2, the CP concentration of vetch (MC,303 and 
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Table 3.11. Legume crude protein concentration (J kg"l) in eut 1 and 2 of 1992. 

N Sp Cul 1 MC-L Cul 1 IC-L Cul 2 MC-L Cut 2 IC-L 

0 Pol 102 104 208 187 

Scu 162 134 165 186 

Cal Ils 111 212 135 

Pcr 186 160 216 242 

Nil 163 160 198 197 

Vel 248 2S4 310 292 

Red 207 200 209 226 

30 Pol 106 107 164 138 

Scu 164 175 164 212 

Cil 90 81 149 125 

Pcr 200 182 193 205 

Nil IS8 179 188 206 

Vel 256 244 289 291 

Red 199 209 198 245 

60 Pol 103 113 173 167 

Scu 194 139 182 179 

Cil 127 88 157 136 

Pcr 188 181 184 208 

Nit 163 160 182 18S 

Vel 256 241 308 289 

Red 219 180 201 227 

LSD 42 46 33 37 

Sig. Effects C.Sp Sp, N, C"'Sp, Sp"'N 

MC-L = monocropped Icgume; IC-L == intercropped Icgume; Sec footnoles to table 3.4. 
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IC,290 9 kg-') ranked higheat of the lequme. and the medica ranked loweat 

in CP concentration, although in MC-legumea If. polymorpha (119 9 kg-I) 

was similar ta Nitro alfalfa and persian claver while in IC-legumea, 

Il. acutellata (192 9 k(;r') was aimilar to Nitro alfalfa. 

LBGUIIB aWB PROTBX. PRODUCTIOII 

Aa èxpected, in cuts 1 and 2 of 1991 and 1992, there was a main 

effect of cropping system on legume CP yield, whereby MC-legume8 were 

higher than IC-legumes (data not ahown). 

In eut 1 of 1991, MC-1egumea yielded 508 kg ha-' of CP whUe IC

lequmea yielded 59 kg ha-', the CP yield of IC-legumes being only 12 , 

that of MC-lagumes (data not shawn). A c*sp interaction exieted for 

legume yield at eut one, whareby vetch yielded higher than other lagumea 

under intercrop but not under monocrop. In the second 1991 eut, there 

were no interactions and the legume CP yield of monocrops was 629 kg ha l 

whUe intererops produeed 39 , of the MC yield (243 kg ha-'). Th. CP 

yield of vetch (875 kg ha-'), averaged over .ach cropping system and M

level, was higher th_n the other legumes and the medies yielded th. 

lowest CP. 

Within eut one of 1992, there were no interactions for legume CP 

yield and the MC-legumes produeed 380 kg ha-' CP, while IC-legumes (77 kg 

ha-lI yielded only 20 , of the MC-legume CP yield (data not .hown). In 

1992, eut one, vetch CP yield (412 kg ha-') averaged ovar a11 eropping 

Byatema and N-levels, waa higher than those of tha other legumes. By 

the aecond eut in 1992, a c*sp interaction existed but MC-legumea 

yieldad 350 kg ha-J CP, averaged over each legume specia. and M level, 

while IC-legumes yielded 202 kg ha-' having increased to 58 , that of MC

legumea. Within MC-legume plota of eut 2, Nitro alfalfa, rad clover, 

peraian elover and vateh (554, 488, 484 .nd 425 kg ha-', reapectiv.ly) 

had aimilar CP yields and outyielded the medie.. A SP*N interaction 

existed for IC-legumaB. Within eaeh N level, vetch yialded higheat in 
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CP production. The next highaat CP yielding legume w •• rad clovar which 

ranked higher than the remaining legumea with an exception at 60 N where 

red claver and paraian claver yielda were not different. 

INTERCROP OBSERVA~IONSI CUT 1 

INTERCROP (Legume + Barley) DRY MATTER PRODUCTION 

In 1991 and 1992, there were no treatment effpcta on intercrop DM 

yield at eut 1 (data not shawn). Differences between campanent laqume 

DM yield. were apparently evenad out by equivalent gaina or lasses of 

IC-barlay yielda and vise veraa for difference. between component barley 

DM yielda. 

LERs 

In 1991, there was a trend for all spaeies ta have higher LERa at 

30 N, with the exception of vetch which wa. higheat under 60 N. In 

1991, at 0 N there were no intercrops with LERs greater than 1 (Table 

3.7.). At the 30 and 60 N levels IC-vetch LERs were 1.16 and 1.88 

rasp8ctivaly, and at the 30 N level IC-parsian claver LER wa. 1.08. In 

1992, there was no overall trend for higher LER. at Any fertilizer laval 

but on1y IC-vetch produced LERe greater than one and in decraasing arder 

aa N input increased: 0 N of 1.64, 30 N of 1.25 and 60 N of 1.12 (Tabla 

3.7.). That vetch would be an afficient spaeies when intercroppad with 

barley ie probably aeaociatad ta ita growth habit; the tendril. of vatch 

allowed it ta attached ta the barley thus providing support, and 

allowing it ta receive more light. The lack of a consi.tent trend in 

LERe is contrary ta reBults of a maize-cowpaa intercroppinq atudy by 

Ofori and Stern (1986) who observ.d a tendeney for N application. (25, 

50 and 100 kg N ha"') ta decreaae LER value.. As well, Hiebach and 

McCollum (1987), through the evaluation of 182 legume-maize intercrop 

.tudie., found the intercrop advantage, a. determined by araa-x-tima 

equiva1ency ratio, ta be greatest when the maize wa. grown without 

Adequate N. 
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INTERCROP CRUOE PROTEIN PRODUCTION 

In 1991, there were no traatment affect. on intarcrop CP yield at 

the firat cut (Table 3.7.). In 1992, there waa a apaciea effect on 

intercrop CP yield as IC-vetch CP yield (80S kg ha-I) was higher than 

thoae of other intercrops and IC-If. 8cutellata CP yield (627 kg ha-I) wa8 

alao higher than that of IC-If. ciliaris (468 kg hal) (Table 3.7.). AlI 

other intercrops did not differ in CP. 

LEAP A.REA IIlDE:! OBSERVATIOHS 

August LAIs 

A significant linear correlation wa. obtained between LAI, takan 

at least eight days before the aecond harveat, and the legume DM yiaid 

of the aeeond eut (r = 0.782). There waa a aignifieant main effect of 

cropping aystem on LAI with MC-laguma8 (1.40) being higher than IC

legumes (0.82) (Table 3.12.). Alao there was a significant apecies main 

effect, a C*Sp interaction and Sp*N interaction. Within monocropa, the 

red claver LAI of 2.71, averaged over aIl N-levela, waa the higha.t of 

the lagumas, although not significantly higher than MC-Nitro alfalfa. 

MC-vetch and MC-If.scutellata (1.21 and 0.85) were also Iower than Nitro 

alfalfa (2.29) and peraian claver (2.06) while N. ciliaris and 

H. polymorpha (0.31 and 0.27) were loweat of the MC-lagumea. 

Within intercropa, LAIs at the 0 N and 30 N levela (0.95 and 0.91) 

were higher than those at 60 N (0.61) and a Sp*N interaction exiated. 

At JO N and 60 N, the LAIa of IC-vetch (1.93 and 1.16) were the higheat 

of the lagumes, but at 30 N were not diffarant from rad and paraian 

clovera and at 60 N were not diffarent from red claver. Within th. 0 N 

level rad clover (2.40) waa higher than all other legumea. Within aach 

N level the LAI of the IC medica were lowest although at 0 N, H. 

seut.llata (0.42) wa. not different from Nitro alfalfa and at 30 N N. 

polymorpha (0.36) waa not different from peraian clover and Nitro 

alfalfa, and H. seutellata (0.18) and N. ciliaris (0.16) were not 
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Table 3.12. Leaf area mdex (LAI) readings taken in August and November of 1992. 

N Sp August MC-L August IC-L November MC-L November IC-L 

0 Pol 0.43 0.20 0.03 0.08 

Scu 1.02 0.42 0.06 0.17 

Cil 0.18 0.30 0.04 0.07 

Per 2.35 1.35 0.34 0.51 

Nil 2.85 0.64 0.53 0.30 

Vet 1.07 1.35 0.02 0.12 

Red 3.43 2.40 0.03 0.06 

30 Pol 0.19 0.36 0.03 0.03 

Scu 0.89 0.18 0.03 0.07 

Cil 0.42 0.16 0.04 0.03 

Per 1.85 1.21 0.62 0.64 

Nil 1.83 0.75 0.36 0.13 

Vel 1.74 1.93 0.03 0.26 

Red 2.07 1.82 0.07 0.14 

60 Pol 0.23 0.15 0.03 0.07 

Scu 0.67 0.21 0.04 0.09 

Cil 0.32 0.35 0.04 0.06 

Per 1.99 0.82 0.42 0.65 

Nil 2.20 0.51 0.32 0.07 

Vel 0.81 1.16 0.04 0.04 

Red 2.62 1.08 0.05 0.03 

LSD 0.81 0.51 0.24 0.24 

Sig. Effects C, Sp, C*Sp, Sp*N Sp, C*Sp 

MC-L = monocropped legume; IC-L = intercropped legume; See footnotes to table 3.4. 
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different from Nitro alfalfa, and at 60 N N. eiliaris (0.35) and N. 

seutellata (0.21) were aimilar ta Nitro alfalfa. 

November LAIs 

As the November LAI readings were taken after the third eut, no 

correlation between these LAI readinqa and the legume DM yield of the 

third eut was attempted. LAI readings taken at this tima were expaeted 

to prediet the potential of these annuala aa winter cover crope. There 

wa. a significant main effect of speciee on LAI, and a C*Sp interaction 

existed (Table 3.12.). Within monocrops, persian clover and Nitro 

alfalfa (0.46 and 0.40) ranked higheat, while the LAIs of all other 

Legumes were not signifieantly different. Within intercrope peraian 

clover (0.60) had the higheat average LAI of all Legumes. As the third 

cut of persian clover was taken nearly one month earlier than the other 

apecies, it had a longer regrowth period bafora LAIs wera taken, and 

this probably accounted for its higher LER value. 

3.4. Conclusion: 

In terma of TOM and ETCP production, rad clover waa highly 

productive un der both monocrop and intercrop systeme in both yeara, 

while the annual medics were least productive. 

In 1991, averaged over both cropping systmes, Nitro alfalfa and 

peraian clover pradueed as much TDM as red claver while vetch yielded 

similarly to persian clover and N. eiliaris. In 1992, TOM yields of MC

Nitro alfalfa and MC-persian claver did not differ trom that of MC-red 

clover, but intercrops of Nitro alfalfa and persian clover were leaa 

productive than intercrops of vetch and red claver. 

In 1991, while Nitro alfalfa and veteh, averaged aver bath 

cropping systems, were as productive in ETCP as red clover, peraian 

clover was note In 1992, although monocrops of Nitro alfalfa, vetch and 

paraian claver did not differ in terma of ETCP, fram red clover, 
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intercrop. of vetch were hiqher than intercrop. of red clover while 

intercropa of Nitro alfalfa and peraian clover were lower than red 

clover ETCP. 

The IC-legumea competed with barley for reaources, resultinq in 

lower barley DM yield in intercrops at eut one, compared to MC-barley. 

Althouqh the CP concentration of MC"barley did not differ from that of 

barley intercropped with Any legume, in both yeara the CP yield of MC

barley waa higher than that of barley intercropped with Any legume. In 

addition, in 1991, the CP yield. of barley intercropped with 

N. 8cu~ellata and red clover were higher than barley intercropped with 

vetch and N. polymorpha and in 1992 the CP yield of barley intercropped 

with N. Bcutellata was higher than that of barley intercropped with red 

clover. 

In 1991, intercrops of red clover, Nitro alfalfa and vetch did not 

differ, in terme of TOM production, from MC-barley, and in 1992, 

intercrope of vetch and red clover outyielded MC-barley. 

In 1991, intercropa of red clover outyielded MC-barley, in ETCP 

production, at each N level. I~ addition, at 30 N, intercropa of peraian 

clover, vetch and Nitro alfalfa also outyielded MC-barley. In 1992, 

only ETCP yields of vetch and red clover intercropa were hiqher than MC

barley. 

In 1991, the TOM produr.tion of intercropa responded poaitively to 

30 N while 60 N appeared to have a naqative effect on TDH. In neither 

year did the ETCP production of MC-lequmea or intercropa respond to N 

fertilizer applications. Similarly, barley did not reapond to N levels. 

In 1991, the intercropa at eut 1 did not differ in CP or DM 

production. Also in 1992, intercrops at cut \ did not differ in DM 

production, but intercrops of vetch producf."~ h.\ghe;' CP yields than other 

intercropa. 

In 1991 there waa a trend for greater L.cero:rop effectiveneaa at 

30 N. Only monocrops of the components of vetch and persian clover 
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intercrop. at 30 N and vetch at 60 N would raquire more land to produce 

aimilar int4rcrop OK yeilde at eut 1. In 1992, only intercrop. of vat ch 

had an intercrop advantage. 
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Preface to Section 4 

Section 4 conaista of a manuscript by Sampaon et al. (1993b) to be 

8ubmitted to Biology and Fertility of Soila. 'l'he manullcri.pt will. 

undargo further editing prior to submission. Tables are presented on 

the page, or pages, immediately following the page in which they are 

first referred ta. References cited in this section are liated within 

the thesis reference section. 

1:n section 3, aeveral of the intercrops in 1991 had total N yields 

which were at least 1.4 times higher in shoot N than that of monocropped 

barley and in 1992, intercrops of vatch and red clover were 2.6 and 2.1 

timea higher in N yields than monocropped barley. In the following 

eection the N2-fixation capabilities of the legumes are examined in the 

o kg Nha') level of section 3 through use of the 15zi isotope dilution 

method, and the occurrence of N transfer determined. In addition, 

within the 60 kg N ha,1 level of section 3, the occurrence of N transfer 

was determined by directly labelling legume petioles with l''N Bnr i.ehed 

fertilizer. 
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Section 4 

NITROGEN FIXATION AND TRANSFER IN ANNUAL FORAGE LEGUME-BARLEY 

(Hordsum vulgare L.) CROPPING SYSTEMS 

4.0. Abatract: 

In this study, the Nl-fixation abilities of six annual legumes, 

and the perennial, red clover (Trifolium prat:enss L.), monocropped (MC) 

and intercropped (IC) with barl.ey, were investigated in a 2 x 7 

factorial. plus one MC-barley pl.ot. Nitrogen transfer W&S a1so examined 

using the ,~ isotope dil.ution (ID) method. Microplots were enriched 

with 1.5 kg'~ ha"' ilS ammonium Bulphate (99 atom \ '~). The hypothe.ell 

were that the proportion of N derived from N2-fixation in IC-legumea 

would be higher than that of MC-legumea and that within intercropa there 

would be evidence of N-transfer from the legumes ta associatsd barley 

during the growing seaaon. In aeparate plota, having received 

60 kg Nha"', a 2 x 3 factorial was established with twa levela of N 

fertilizer, enriched in ,~ (99 atom \ l~) or unenrichecl, and thre8 

legume apecieB, red clover, persian clover (T. resupiTJatum L.) and 

Hedicago ciliaris (L. )Willd., were directly lëilielled with the 

fertilizer. Associated plants were harveated one week latar wlth th. 

hypotheai.s that l.abelled H woul.d be detected in theae plant.. Only in 

1992, waa there evidence of N2-fixation, and the proportion of N darived 

from H2-fixation by IC-l.egumea was 145 " higher than that of Mc-legumell. 

The N2-fixing MC-legumas yielded aimilar values of fixed N while lC

vetch yie1ded higher (64 kg Nha"') than the rest of the IC-legumea. 

While the ,~ ID method did nat give avidence of N transfer during the 

growing aeaaan, the dil.ect labelling me"thod provided evidence of N 

tranafer from legumea to associated legume and barley planta in 1991, 

and to associated legurne plants in 1992. 
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4. 1 Introduction: 

Nitrogen advantages have been raported in legume-non lagume 

intercrop., comparad to monocropped (MC) non-leqwnaa. In Alberta, 

Izaurralde et al.. (1990) reported harlay-field paa (Pisum .at;ivUlll L.) 

intercropa produeed grain N yields 1. 2 to 1. 7 timeB higher than that of 

monocropped (MC) barley. Tidwell et 41.. (1985) monocropped and 

intercropped (IC) two winter wheat cultivars (Triticum aeBtivum L.) with 

hairy vetch (Vicia villosa Roth.) and harvested plote at five wheat 

maturity atages ranging frOID boot to 80ft dough, and reported the crude 

prote in content of intererops harvested at milk and 80ft dough atage to 

be 1.81 and 3.06 percent aga units, respectively, higher than MC-wheat 

while MC-dry matter yields of each cultivar, averaged ovar aaeh harvelt, 

did not differ from the intercrop yield. 

This N advantage ie often attributed to tha ability of Rhizobium 

or Bradyrhizobium, symbiotically associated wi.th laqumel, to eonvert the 

qas Nu which ie unavailable to most higher plants, to plant uBable 

forms of N (Tiadale et al.. 1985). Most of the N requirements of forage 

laqumes can be supplied by biologically fixed N2 (Danso et 41.. 1988; 

Reichel and Henjurn 1991) but a. lagurnes may also utilize minerat N, one 

cannot assume 100 , of legume N ls derived from the atmosphere (1..edgard 

and Steele 1992). In addition, symbiotic N2-fixation cannot be 

eonaidered a free fertilizer sinee plants must provic:le photosynthate 

energy (LaRue and Patter son 1981) and for this reuon, N2-fixera prefer 

to usa combined N if it is avai.lable (Sprant 1990). 

One reason for intercropping lequmel with non-legumes i.e that thil 

fi.xed N may beeome available to aS80ciated non-lagumes (Wahua and KLller 

1978). The exeretion of N compounds by planta, as 8tatad by Wi180n 

(1937) is known to occur. Lory et al. (1992) quantifi.ad the depoaition 

of Bymbiotically fixed N2 into the loil Burrounding MC-alfalf. (lI.die.go 

•• tiva L.) roots and nodule. resultinq from excretion or leakag8 from 
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roota and nodule., or from the Iloughing off of root cella. The 

authora employed the l'M ID method in a fie Id and qreenhoue. study to 

compare the ,~ concentration of the rhizoshpere of effectively nodulated 

alfalfa with that of ineffectively nodulated alfalh. In the field 

Btudy, there waB no evidence of depoaition of aymbiotically fixed N1 to 

the rhizosphere (soil adhering to roote) and in the greenhouse etudy, 

thera wae evidence that 1 kg of fixad N2 w.s dopoeited into the 

rhizoaphere. In both the field and gr.enhouse, there wae evidence of 

depoaition of symbiotically fixad N2 into tha nodusphare soil (Boil 

adhering to nodules). In the field and graenhouse these values were 

less than 0.1 kg ha-1 and approximately 0.4 kq ha-', respectively. The 

authors questioned the validity of these values due to the possibility 

of leakage resulting from the use of the sonicator in aoil removal. Ta 

et al. (1986) examined the root excretions, defined as substances lost 

through root apidermis, of hydroponically grown alfalfa. Once the 

planta reached the 10 , bloom stage, they were exposed to an env ironment 

enriched in 1~2' It was determined that the nCldule-root system excreted 

lS ug N plant-' day·l, approximately 3 , of the 1:otal daily fixed N. A. 

the hydryponi.c solution was enriched in I~ only one day after the phnt. 

were expt.sed to 1'M2, it was determined that rec:ently fixed N contributed 

to the el:cretad N. 

:In a graenhouse study, Ledgard et al.. (1985) labelled subterranean 

clover (1. subterraneum L.) with I~ through a foliar absorption 

technique and found 2.2 , of the clover N had tranaferred to the 

aI.ociatad annua1 ryegrass (Lolium rigidum Gaud). In a similar atudy in 

the field they observed no such transfer from either the clover or 

alfalfa and concluded the greater contact of the two roota in pota, 

comparad to field conditions, would make i.t ellsier for Any N relea •• d by 

the legume to be asborbed by the grasB. Martin et al. (1991b) a180 

employed the ,~ foliar absorption technique in a field Btudy and 

reported evidence of N transfer. By applyi.ng urea enriched with Iltf 
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direetly to the petiole of nodulating .oybean. (Qlyc.tne mu L.) they 

wer. able to det.et highar l'rf lev.l. in .djacent. rnahe (Z •• III.Y. L.) 

than wh.n unenrichad urea waa .i.IIlilarly .pplied. 

Through the uae of the l'rf ID method, Brophy et al. ( 1987) obaarved 

an increa.e in the percentage of reed canarygraa8 (Phalaris .rundinac •• 

L.) N derived from tranaf.r from .ssociated alfalf. and bird.foot 

tr.foil (Lotus corniculatu. L.) t.o iner •••• a. t.h •• ea.on progr •••• d. 

The percent.ge of gras. " derived fram a.aociated alfalfa increa.ed from 

64 • at eut 1 to 68 , at eut 3, and limilarly, t.h. pereentag. of gr ••• N 

derived from ••• ociated birdafoot t.r.foil iner •••• d from 68 , to 79 ,. 

In • four year atudy of alfalfa, birdlfoot. trefoil, rad elover and white 

clover (T. repens L.), in binary mixture with reed canarygrase, Heichel 

and Henjum (1991) me •• ured " tranafer uaing the I~ ID met.hod. Although 

negligible N waa transferred from the legwnea to the gra •• in year l, 

th. amount of N tranaferred in yeara 2, 3 and 4, averaged over •• ch 

legume, were 28 kg "h.-I, 10 kg ft ha-I and 6 kg ft h.-I, reap8ctively. 

Although 1 zaurralde et al. ( 1992) were unabl. to àet.et ft 

tr.n.fer, uaing the l'rf ID method, during the growing .ea.on from field 

pa. to IC-barley, grown either in the aarna rows or .lternating rows, the 

authora eoneluded t.hat .ueh intererop. may provide ben.fitl 8uch a. 

greater N2-fixation efficieney. The .uthor. reported the percent N of 

the lC-peae derived from fixation (84 ') to be higher than that of MC

paa. (60') and that it waa N competition b.tween the IC-cOIIIponents 

which re.ul ted in thie incre.... Brophy et al. (1987) .tudied "2-
fixation and tranafer in alfalfa and bird.foot trefoil with ra.d 

canarygra8a in plota of altern.ting row. of graaB and lequme which 

formed a gradient trom graBB to lequme. Th. authorl found the highe.t 

e.timat •• of the percent lequme ft derived from fixation, for four of th • 

• ix spacias-harva.t eombinations, t.o ba in lequme rowa surrounded by the 

higheBt gra.. population (legume-grase ration 2: 3 ), while the loweet 

•• timat •• occurred in the tir.t harvest in legume rOWB naar the plot 
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edge. The max~um effect of gra •• on alfalfa N2-fixation at cut 3 

re.ulted in the lequme fixing 95 , of it. N, while MC-alfalfa fixed 86 , 

of it. N. The maximun effect of gra •• on birdafoot trefoil Nl-fixation 

at eut 3 reeulted in the leqwme fixing 92 , of it. N, while the MC

lequme fixed 80 , of ita N. The author. r.aeoned that the ob.erved 

incr.aa. in lequme re1iance on fixation of 1egume. a •• ociated with gr ••• 

resulted from the uptaks of lIoil N by the grasll, and that thi. depletion 

of mineral " alao lesaened the negative effect of mineral " on "1-
fixation. 

In an aesociated IItudy of .even annual legume. monocropped and 

intercropped with barley (Sampson et al. 1993a), we found the total N 

yield of lIeveral intercropll in 1991, to be at least 1.4 timell higher in 

ahoot N than that of MC-barley and in 1992, intercrop. of vetch and red 

claver were 2.6 and 2.1 times bigher in N yielda tban MC-barley. The 

objective. in thia atudy were to determine, through uae of the I~ ID 

method, whether N tranefer from the.e annual legume. to barley occurred 

during the growing aeaeon and ta quantify any transfer; ta aaae •• legume 

" tranefer to barley by direetly labelling legume petiole. with N 

enriehed in I~; and to evaluate the Hl-fixation eapabilitiea of annual 

legumeB by the l~ ID method, within monoerop and intererop ayatem •• 

4.2. Material. and Methoda: 

Thie experiment was eondueted in eonjunction with the .tudy in 

section three, and aIl materials and methods are the aame un le •• 

otherwise etated. 

UN Dilution Study 

The experiment waB a randomizsd complete block design with four 

replieatee and waB establiehed within the 0 N main plot unita of a 

aeparate agronomie evaluation in a aplit plot arrangement. The 

experiment was a 2 x 7 + 1 factoriel with two level. of eropping .y.temz 
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monocropped (MC) lequmea and legume. intercropped (IC) with barley 

(cv. Chapaia), .even level. of lequme apecie. and one MC-barley plot (a. 

deacribed in chapter one). On July 9, 1991 and June 16, 1992, 

1. 5 kg I~ ha-I wa. applied to all plate aa ammonium aulphate (99 atom 

, l'H). The are a of application wae within 0.04 m2 (16 cm x 25 cm) 

microplote, dalinaated by a pla.tic in.art, to a depth of 2.5 cm in 1991 

and to a depth of 6 cm in 1992. The plaatic in.art aerved ta prevent 

the poaaible lateral movement of the applied nitrogen (aayatead and Lowe 

1977; aeichel et al. 1981). Each microplot wa. placed in the middl. of 

.ach plot and contained two legume rowa in the MC-lagume plot., on. 

legume row and one barley row in IC-plota and one barley row (middle) in 

MC-barley plots. N waa applled in .olutlon ta the are a between the two 

middle rowa and wa. applied directly ta the left of the middl. ~~w of 

MC-barl.y plot.. The N application container wa. rinaed twic. with 

water and soil wa. sprinkled on th. araa of application ta prevent 6 

volatilization. 

Plata were harveated as deacribed in section three with the area 

of harvest consietinq of the antire microplot. The concentration of 

total 6 wa. determined on aubeample. fram ground ti.aue from each 

apeciea. Percent I~ abundance of all plant material wa. determined by 

an adaptation of the Dumaa method (Preeton et al. 1981; Fiedlar and 

Prokach, 1975). Kjeldahl dietillate eolution wae converted ta nitrogen 

gaa aa de.cribed by Martin et al. (1991b) for analyaia on a JAS CO 6-150 

Emission Spectrometer. 

The percentage of nitrogen derived from the atmoaphera (' Ndfa) by 

the laqumea was calculated u8ing formula 1 (Marri. and Weaver 1987; 

lzaurralde et al. 1992) with MC-barley as the non-H2-fixing control. 

The ae.umption of this formula waa that tha Nz-fixer and non-fixer 

abaorb .oil and appliad N in the aam. proportion (McAuliff. et al. 

1958). 
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Formula 1. 'Ndfa - (1 - atom , ISN .xc.aa in l.aumt ) x 100 
atom , I~ .xce.. in MC-barley 

where atom , 15tfaxc ••• • atom , l'N abundanc. - 0.3663 

Nitrogen fixation wa. only aaaumed to have occur.d wh.n th. 

atom , l'N eXC'B. of the legume waB oignificllntly lower than that of the 

MC-barley. 

The percent age of nitrogen tranaferr.d ('N T) from th. legume to 

the IC-barley wa. caleulated u.ing formula 2 (l:zaurralde .t al. 1992). 

Monocropped barley wa. the control for barley int.rcropped with l.gume. 

for mea.uring N tran.f.r by tha l'N ID Methode 

Formula 2. \N T = (1 - atom , uN exceaa in IC-barlev) x 100 
atom , Iltf .xcea. in MC-barley 

Nitrogen tranBfer wa. only IlBBUlfted ta occur when the atom , ''N .xcee. of 

the IC-barl.y wa. Bignificantly lower than that of th. HC-barl.y (Martin 

.t al. 1991a; Okereke and Anyama 1992). 

To determine if Hz-fixation and N tranBfer occurred, atom' 'str 

axces. data wer. analyzed by analyai. of variance (Stati.tical Analy.i. 

Sy.t.m In.titut. Inc. 1985) at the 5 , lav.l of .ignificanca after a log 

transformation of the data, and where aignifieant diff.rence. w.ra 

indicated, Dunnet'. Multiple CompariBon Procedure wa. uaad (Dunnat 1955) 

to compare treatment. with a control (MC-barlay). In detarmining th. 

occurrence of H2-fixation, the control, atom' 'sr. exeeSB MC-barl.y wa. 

compared with the atom , l'N exeea. of the legume. whil. in determining 

tha occurrence of tranafer, tha control, atom , Iltfaxcaa. of MC-barl.y 

wa. compared with the atom , l'N exce •• of IC-barlay. Yields and 

observation. were alao analyzed by analyais of varianc. at the 5 , l.val 

of .ignifieane. and a protected LSD te.t (St.al and Torri., 1980), 

unlea. otherwi.e noted, waa utilized for meana compariaon wher • 

• ignificant difference. were indicated. 
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Direct Labelling Study 

The experiment wae a randomized complete block de.ign with four 

replieates and waa establ.ished within the 60 kg 101 ha" main plot unite of 

a separate agranomic evaluatian in a aplit plot arrangement. The main 

plot of 60 kg N ha- I wu choaen for the etudy ae 101 tranafer from directly 

labelled nodulating aoybean ta adjacent corn pl.anta had previouely been 

obaerved on N depleted aoil (Martin et al. 1991b), and it waa of 

intereet ta determine if euch tranefer could be detected againat high 

background leveis of soil N. The experiment waa a 2 x 3 factorial with 

two levela of N fertilizer, enriched in Istf or unenriehed, and three 

plant apeciee red claver, persian claver and H. ciliaris. The legumea 

were intererapped with barley and eatabliahed aa deacribed in the 1'101 ID 

atudy, with the addition of 60 kg ha" aa ammonium nitrate (34-0-0) on 

June 25, 1991 and on June 16, 1992. Microplota were not employed aa in 

the 1'101 ID etudy. 

On July 12, 1991 and on July 16, 1992, one legwme plant (donor 

legume) in each ISN enriched plot (E) waa labelled with 30 mg 101 aa a 

2 , (w/v) .alution of double lobelled urea (99 atom , 1'101). Similarly, 

one legume plant (donor legume) in each unenriched plot (UE) waa 

laballed with 30 mg I~ urea. In a preliminary greenhouae atudy, thia 

concentration of urea waa found ta be an acceptable level for petiole 

uptake. The trifoliate at the firat or aeeond node w&a eut off and the 

petiole immersed in the urea solution. The vial of urea was .ecurely 

faatened ta a aupport and the vial and petiole covered with parafilm. 

Petiolea were ehecked daily for damage, and d~aged petiole. were 

replaced with petiole. from the next node. In 1991, petiole. were 

removed tram solution after seven daya (July 19) and in 1992, were 

removed after eight daya (July 24). 

Plants were harvested by hand on July 22, 1991 and on July 24, 

1992. Harv.sted planta in .aeh plot included the donor l.gume and the 

cloaest planta, a neighbouring legume (receiver legume) and two 

78 



neighbourinq barley plants (receiver barley). Plants were dried for at 

least 48 houra in a 750C dryer. Dried plant material was ground and 

analyzed for , ,~ abundance as described in the ,~ ID study. Percent 

15 N abundance valuea of the two receiver barleya were averaged together. 

To determine if transfer occurred, atom , I~ exeeaa data were 

analyzed by analysis of variance (Statistical Analysis Systam Instituta 

Ine. 1985) at the 5 , level of significance after a log transformation 

of the data and a proteeted LSD teat (Steele and Torrie, 1980) wa. 

utilized for meana comparison whare significant differances were 

indicated. Where signifieant differeneas were indicatsd, the proportion 

of N tranaferred (T) waa determined by formula 3 (Ledgard et .1. 1985) 

which included the proportion of transferred '~ in reeeiver planta. 

where Nr and N, are the &JIIounta of nitrogen aSBimilated 
by the receiver plant and donor legume, reBp8ctively. 

RE and RuE are the atome \ I~ of the enriehed and 
unenriched receiver 

LE and LUE are the atoma \ I~ of the enriehed and 
unenriched donor lequme 

The &JIIount of N tranaferred waa datermined by multiplying T by the 

amount of nitrogen aasimilated by the lequme. 

4.3. Reaulta and Discussion: 

NITROGEII PIXA~IONI ... ISa,roPB DILUTION (ID) IIETIIOD 

~he ,~ ID method ta baaed upon the compariaon of an Nl-fixing and 

a non-Nz-fixing aystem. The possible N sources of these ayatema are: 

fertilizer, aoil, and in the case of the Nz-fixing system, the 

atmosphere. ~he N in plant. derivad from fertilizer in the sail will be 

enriched in ,~ and in the N2-fixer, fixed atmospheri.c ;~2 will diluta it, 

compared ta the non-Nz-fixer. In 1991, there were no legumes with 

atom , ''N exeeaa lower than that of the MC-barley (Table 4.1.), and as 

auch, there waa no evidence of Nl-fixation by Any of the legumes. 
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Actually, the atom , l~ exce •• of lC-If. polymorpha and lC-

If. .cutellata ",ere higher than that of MC-barley. Compared ta the •• 

medic., the I~ of the barley wall diluted. When l~ labelled fertilizers 

are applied to soils, a highly enriched layer i. created near the 

Burface (People. and Herridge 1990). As the l'tf fertilizer wa. applied 

42 days after eeeding in our study, due ta dry soi.l condi.tions, the 

barley may have explored Boil volumes of different enrichment compared 

to theee medicB. If lC-If. polymorpha and IC- If. acutellat;a had acces. 

ooly ta N near the sail surface, they would have beeo more enriched in 

I~, as is the case. 

Results from soil tests taken in the fall of 1990 and 1991 

recommended no N fertilizer be applied ta the sita. Plant available N 

was not limiting plant growth, as sean in an a.aociated study on the 

site in which barley, monocropped or intercropped with annual legumea, 

did not respond to N applications of 30 or 60 kg N ha- l
• In addition, 

although monthly rainfall totals in 1991 did not vary greatly from their 

30 year normals, the rainfall ",ae not evenly distri.buted and part. of 

the growing season were relatively dry, as reported in chapter one. 

Ledgard et al. (1990) reported the proportion of N fixed by several 

white claver cultivars (T. repens L.) aod red claver, aD estimated by 

the l~ ID met.hod, declined during t_he summer in response to an increaee 

in inorganic sail N whiC!h resulted from dry soil conditiona. 

That the legumes ln our study were exposed to a high level of sail 

N may part.ially explain the lack of evidence of Nz-fixation. The 

proportion of legume N derived from sail N may have been sa high that 

Any dilution of l~ by fixed atmospheric N "las insi.gnificant. The onllet 

of Nl-fixation by theae legumea may al.o have been Blow, and in fact the 

legumes were harvestea only 55 days after seeding. Perhaps N2-fixation 

might have been detected in subsequent cuts. Indeed, Ledgard et al. 

(1990) observed that c lovers fixed over 50 , of their N four month. 

after aowing. 
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Table 4.1. Log tnmsformation of atom % uN exce88 m monocropped (MC) leg~, 
intercropped (lC) legumes and monocropped barley ln 1991 and 1992. Untransformed values 
in brackets. ..-

Sp 1991 1992 

MC Pol -0.8882 (0.1361) -0.1573 (0.8952) 

Scu -0.7593 (0.1899) -0.3472 (0.4600) 

Cil -0.7124 (0.2011) 0.0214 (1.1255) 

Per -0.9541 (0.1175) -0.3559 ... (0.4625) 

Nit -0.9681 (0.1085) -0.2766 (0.5425) 

Vet -1.0098 (0.0983) -0.6060 ... (0.2530) 

Red -0.8112 (0.1548) -0.3700 ... (04311) 

lC Pol -0.3737 ... (0.5133) -0.2008 (0.6402) 

Scu -0.4930 • (0.3501) -1.0477 ... (00953) 

Cil -0.7188 (0.2119) -0.4265 ... (0.5047) 

Per -0.5252 (0.3415) -0.1055 ... (0.0952) 

Nit -0.7737 (0.1839) -0.711] ... (0.2028) 

Vet -0.8672 (0.1390) -1.3410 ... (0.0465) 

Red -0.8534 (0.1449) -0.9267 ... (0.1267) 

M Barley -0.8879 (0.1461) 0.0479 (1.1260) 

Dunnett's cntical 2.955 2.955 
T value 

• significantly different than MC barley (p < 0.(5); Sp = spe>Ciesj pol = M. polymorpha; 
scu = M • .Jculellma; cil = M. ciliaris; per = persian c1over; nit = Nitro alfalfa; vet = vetch; 
red = red clover; MC = monocropped; le = lDtercropped. 
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The l''N ID method is based on the .. eumption that the Nl-fixer and 

non-N2-fixer absorb the sarne proportion of 80il and fertilizer H and, 

that the legume doea not releaee fixed N ta the non-N2-fixer (McAuliffe 

et: al. 1958). Therefore, one assumes the enrichment of the assimilated 

N of the non-H2-fixer equale that of the H2-fixer (Knowlee 1980). 

Peoples and Herridge (1990) stated that it is when the proportion of N 

derived from H2-fixation is small, that arrora reaulting from 

incompatible non-H2-fixer and H2-fixer are most important. Aa the l'N 

enrichment of the soil N pool may decline over time and with depth, it 

is under ideal conditions that roots of the non-N2-f ixer and N2-fixer 

explore a eimilar volume of soil of similar enrichment. papastylianou 

and Danso (1990), in a study of vetch (Vicia sativa L.) monocropped and 

intereropped with oats (Avena sativa L.), reported the use of organie 

material enriehed in I~ to label the eoil, resulted in oat herbage 

atom , I~ excess which was higher than correeponding vetch and thQrefore 

indieated H2-fixation. The UO:-Et' of inorganic I~ fertilizer at 20 and 

60 kg N ha-I resul ted in several values of atom , l''N excese which were 

similar for the oats and veteh, and did not support the occurrence of 

N2-fixation. The authors reported the decline of I~ enrichment deeline 

of soil labelled with mineral N was over twice that of soU labelled 

with organic matter p and ae the time couree of total N uptake by the two 

epecies were not paralIed, the authore conciuded estiroates uaing 

labelled organie matter were moat aceurate. In our etudy, barley and 

the annual legumea rnay have had different patterns of H-uptake and have 

assimilated H of unequal enrichment which may account for the laek of 

evidence of H2-fixation, especially since the proportion of 1egurne N 

derived from N2-fixation wae probably low due to high levela of 

inorganic H. 

Since rainfall waa more evenly dietributed in 1992, Istf fart i1izer 

was applied aarlier (by 22 day.) than in 1991. Also, barley w .. a10wer 
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to develop in 1992, resulting in delayed harvest compared with 1991-

Therefore, in 1992, N2-fixati.on waa integrated over 44 day., the time 

between I~ fertilizer application and harvest, whi.le in 1991, the time 

of integration, only 13 days ç wu much shorter. In 1992, there was 

evidence of N2-fixation as the atom , I~ excess of BaveraI legumes was 

lower than that of the HC-barley (Table 4.1.). There was no evi.dence of 

N2-fixation by MC-Nitro alfalfa, the MC-medicB and IC-polymorpha. 

1992 PERCENT NIfROGIDf DDJ:VBD l'ROll N2-rI~IOIf (. DIX) 

There was a mai.n effect of croppinq .ystem on the 11 N'IX by the 

legumes; and IC-legumes (71 ') were higher than MC--legumes (29 ') 

(Table 4 _ 2. ) • Similar response of i.nt.ercropped lequmes has alao been 

reported by :r zaurralde et a~. (1992) for fi e1d paa intercropped with 

barley and by Brophy at al. (1987) for alialfa and birdafoot trefoil, 

each i.ntercropped with reed canarygrasB. That the replacement of hdf 

of the monocropped legumes by barley in our study resulted in an 

increaoed rati.ance of the legumes on N2-fixation was probably due to the 

barley being more competetive for Boil N. Through the employment of l'If 

enriched ferti.lizer, Henzell et al. (1968) observed that i.n intercrop. 

of rhodesgrass (Chloris gayana Kunth.) and sirato (Phaseo~us 

IItropurpureuB D.C_), the graas took up two units of N for each unit of N 

taken up by the legume, while in monocropa, the authors found the 

component plants to be equally effi.cient in the uptake of added l'N 

enriched ferti.lizer. AB well, Butler and Ladd (1985) reported that on 

aoUs which released low amountl of inorqanic N, lIadie.go littorali. 

outyielded annual ryegr&ss (Lolium multif~orum) while ryegrlll8 

outyieldad the medic when they were grown on soils of higher N 

availab il ity • 
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Table 4.2. Percent nitrogen derived from fixabon (Nfix) and total atmospheric nitrogcu (FN) 
(kg ha 1) fixed by legumes in 1992. 

% Nfix FN (kg ha· l ) 

Sp MC IC MC 

Pol 0 0 0 

Scu 0 91.2 0 

Cil 0 52.0 0 

Per 58.6 91.7 50.7 

Ni. 0 82.3 0 

Vet 77.0 95.7 47.~ 

Red 61.0 88.3 48.8 

LSD 10.6 25.0 21.3 

Sig. Effects C, Sp, C.Sp Sp, C.Sp -
LSD = leest significant difference; ~ig. Effect8 = F'.gnificant effecl8 (p < 0.05); 
C = cropping system; see footnotes 10 table 4.1. 

IC 

0 

2.5 

1.0 

16.0 

6.6 

63.6 

18.7 

14.2 

The reduction of mi.neral ft in intercropped plota may a1ao have 

leaaened negati-.,e effecta of high mineral N on the Nz-fixation procas. 

and have a110wed i.ntercropped lequmes to fix a greater proportion of 

their N than monocropped legumea. In a atudy of alfalfa monocropped and 

intercropped with timothy (Phleum prat:ense L.), Ta and Faris (1981a) 

reported that in year l, the Boil N, compared to year 2, was higher and 

led to a grellter proportinn of legwne !S fixed by iOltercropped alfalfa 

compared te. monocropped aHalfa. AB hiqh Boil N level. inhibit 

nitrogenase activity, the authors reasoned that lhe i.ntercropped timothy 

may have taken up more N durinq establishment and lessened the amount of 

Bo1.l N i.e the Boi.1 volume explored by th. intercropped alfalfa. 

Rongquing et al. (1992) tound the application of 5 and 10 Mm of N, per 

pot, aa either urea, nitrate, ammonium, nitrate + ammonium, on faba bean 

(Vicia faba L.), white lupin (LUpinUB albuB L.) and medic 

(If. rugos. Desr.) to negatively affect the number of active nodule., 

with the highest N concentration having the qrea~a.t eftect. In 
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addition, nodule initiation was also delayed by mcst N treatments and 

nitrogenaae activity, determined by Acetylene reduction aBBay, was alBo 

depressed by all N treatments. Alaton and Graham (1982) reported the 

Hl-fixation of t;./t.rrel medic (M. t:runcat:ulata Gaertn.) ta be negativel.y 

correlated with mineral N and to not be related to the total N content 

of the Boils. 

In our study, there also exist.ed a croppinq system (C) * apeciea 

(Sp) interact ion • within MC-legumeB the ~ NFZX cf vetch was hiqhest of 

the lequmes while the values for red clover and persian claver were 

aimilar. Within IC-legumes, , NF IX of the fixing legumea were aimilar, 

with the exception of If. ciliaris, which wU lower than the rest. 

1992 rllED A1'MOSPBERIC IIl:DOOD (PIf) (kg h.-l) 

There was no difference between cropping systems in terms of FN 

yield. This reaulted from the monocropped 1egumeB havinq produced 

higher dry matter (2344 kg ha"'), averaged over each legume apecies, than 

intercropped legumes (513 kg ha"l) which evened out the higher proportion 

of intercropped legume N derived trom Nl-fixation. A C*Sp interaction 

exiated (Table 4.2.) and within the monocropped legumes, rN values of 

persian clover, red claver and vetch were Bimilar. Within the 

intercropped legumes, FN yield of vetch was highest of thll legumes while 

values for red clover, persian claver and Nitro alfalfa were aimilar. 

Fixed N2 yields of M. ci.l.i.aris were also lower than tt.oae of red clover 

and persian claver. Species ranking for rN mostly reflected dry matter 

yield and N yield differences (Table 4.3.). 

NI900EN ~snRI l5tr ID lŒT.IIon 

Ir~ bath 1991 and 1992, there were no intercropped barley 

treatments with atom , ''N exceas aignificantly lower than that of MC

bar 1ey (Table 4.4.), suggeating f ixed Nl did not dilute the l~ 

enr ichment of intercropped barley. Therefore, there waa not auffici.ent 
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Table 4.3. Legume dry matter yirld (DM) (kg ba-I) and legume N yleld (kg ha- t ) ln 1991 and 
1992. 

DM N 

1991 Sp MC IC MC 

Pol 5147 218 128.5 

Scu 1281 44 47.8 

Cil 3029 140 63.6 

Per 2533 261 87.5 

Nit 2627 171 76.9 

Vet 2671 l0U6 118.8 

Red 1691 181 62.1 

LSD 19~5 149 51.5 

Sig. Effects C, Sp, C"'Sp C, Sp 

1992 

Pol 3229 219 58.4 

Scu 2609 123 63.9 

Cil 1500 71 31.0 

P,~r 2781 544 82.7 

Nit 2556 336 66.6 

Vet 1578 1646 62.3 

Red 2378 650 78.6 

LSD DB 439 DB 

Sig. Effects C, C·Sp C, Sp, C·Sp 

LSD = least significant dtfference; DB = not significantly different (p < 0.05); 
Sig. Effects = significant effecls (p < 0.05); see foolnole8 to table 4.1. 
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evidence for current-season N transfer of fixed N2 from any legume 

specie3 to IC-barley. In addition, only intercrops of vetch yielded 

higher in N yield (128 kg N h~'), although not significantly higher, 

than MC-barley (97 kg N ha"') (data not shown). This was probably related 

ta the tact that of the intercropped legumes, the estimated value of N 

fixed by vetch was highest. The N yield of MC-barley (data not shown) 

was similar ta that of all intercrops, with the exception of those of 

H. ciliaris (59 kg ha"'). Also, the dry matter yield of MC-barley (8091 

kg ha-') was higher than all intercrops, with the exception of peroian 

claver intercrops (6323 kg Nha"'). That there was no intercropping 

advantage over MC-barley supports the lack of evidence of N transfer. 

Table 4.4. Atom % ,sN excess ID barley intercropped (IC) with legumes and JllO!tocropped 
(MC) In 1991 and 1992. 

-
Sp 1991 1992 

IC Pol -0.8578 (0.1483) -0.0262 (0.9484) 

Scu -0.9679 (0.1088) -0.1950 (0.9123) 

Cil -0.9089 (0.1267) -0.0455 (0.9392) 

Per -0.8591 (0.1418) -0.0298 (1.3835) 

Nit -0.8996 (0.1357) -0.0458 (1.1969) 

Vet -0.9147 (0.1260) -0.0094 (1.1143) 

Red -{).8774 (0.1351) 0.0481 (1.1276) 

MC Barley -{).8879 (0.1461) 0.0479 (1.1260) 

Dunnett's cntical ns os 
T value 

ns = Dot significa.l1tly dafferent than MC-barley (p < O.OS); see foomole8 to table 4.1. 

The fact that the soil waa high in mineral N may explain the lack 

of evidence of transfer. On a highly fertile sail, with a high N 

mineralization capacity, Izaurralde et al. (1992) found no evidence of N 

transfer, during the growing season, from field paa ta associated 
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barley. t.glesham et Ql. (1981) intercropped maize with cowpea (Vign. 

unguicu.l~_ '1 (L.) \galp.) under different levels of N fertilizer ilnd 

concluded trlt onl" unds>: conditions of low 80il mineraI N may N 

tl.anafer {rc 

I~ ID m€lt~v.J 

transf·,~. ~ 

conditl.o • 

the le~~( lo associated non-legumes be detected using the 

':!imilarly, Martin et al. (199la) obt>erved that N 

~. m:min~a by the I~ ID method, wae bast demonetratad under 

.. f minera':' N. Only on an N depleted filIoil, with one 

exception, werce ' .. ~ aut:hot'll l1u1e to detect the transfer of N from 

nodu\ating so~l~a~ ~o aSBociated non-nodulating soybean and maize. 

'Nl.~.r'_ ..... -, Transfep uN Dir@ct LabeUJ..ng 

ln ::991 ~. " ( "r, ... evidence of ~l. 'insfar of ''N from donor leguma. to 

the aBebei::: .f 

planta Ar t... ... .,0 

enriched 6.1 - • ~ • ~: .. 

donor 1egumes _~ble 4 

J • ïl.e and to two aBBociated receiver bar ley 

~ ~. 9SS of receiver plants associated with 

higher than thoae associated with unenriched 

). The amount of l'i transferred to individual 

receiver plants f~ol ... 'J. ailiaris ranged trom 0.027 mg to 0.212 mg, and 

from pereian clover rAngeû from 0.061 mg to 0.687 mg and from rad clovar 

ranged from 0.057 mg to 0.220 nlg (dAt& not shown). 

In 1992, there was evidence of transfer of I~ from the donor 

ll,gume only to the associated receiver legume as only the atom , 1$ N 

excess of the receiver legumes associated with enriched donor legumaB 

were higher than those associated ~ith unenricbed donor legumea. No 

tranafer of I~ W&S observed to the asaociated receiver barley plant. 

(Table 4.6.). The amount of N tranBferred from N. ciliaris ranged from 

0.002 mg to 0.006 mg, and from perBiAn clover ranged from 0.004 mg to 

0.153 mg, and from red clover ranged from 0.009 mg and 0.034 mg (data 

not shown). 
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Table 4.5. Log transformation of atom % uN elcess of receiver legume and receiver barley plants associated with donor 
legumcs fertilized with N either entiched in UN (E) or unennched in uN (UE) in 1991. Untransformed values in brackets. 

Receiver Lp~ Receiver Barley 

Donor Legume UE E UE E 

Cil -1.2171 (0.0927) ~.5957 (0.2885) -1.3900 (0.0432) ~.8554 (0.1405) 

Per -1.2312 (0.0683) -0.3078 (0.8302) -1.3428 (0.0462) -0.8024 (0.1759) 

Red -1.4634 (0.0350) ~.1594 (0.6930) -1.3355 (0.0463) ~.9954 (0.1071) 

Mean -1.2950 (0.0680) -0.3930 (0.5860) -1.3562 (0.0453) -0.8844 (0.1412) 

Fertilizer LSD 0.3790 0.1468 
----

LSD = least significant differencej See footnotes to table 4.1. 
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Table 4.6. Log transformation of .tom % uN excess of receiver legume and receiver barley plants associated with donor 
legumes fertilized with N either enricbed in uN (E) or unenriched in uN (UE) in 1992. Untransformed values in brackets. 

Receiver Legume Receiver Barley 

Donor Legume UE E UE E 

Cil -1.4353 (0.0384) ~.6840 (0.6022) -1.5530 (0.0284) -1.3414 (0.058S) 

Per -1.5361 (0.0294) -0.7344 (0.2973) -1.5320 (0.0303) -1.4470 (0.0358) 

Red -1.3659 (0.0465) -0.6664 (0.2418) -1.5279 (0.0317) -1.5001 (0.0372) 

Mean -1.4380 (0.0390) ~.69S0 (0.3800) -1.5377 (0.0302) -1.4295 (0.0440) 

Fertiliz.er LSD 0.3300 DB 

LSD = least significant difference; DB = not sigmficant (p < O.OS); See footnotes to table 4.5. 
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Martin et 11.1. (1991b) reportad evidance of N transfer on an N 

deplatad field from soybean, enriched in I~ by labelling petioles, ta 

aaaociated maize planta. Ledgard et al. (1985) had previously reported 

no evidence of N transfer in field grown microplots of subterranean 

claver intercropped with annual ryegrass (Lolium rigidum Guad.) or of 

alfalfa intercropped with the graBs, when C'lover trifoliate leaves and 

alfalfa atems were labelled with I~ fertilizer. Although the N which 

was tranaferred in thia study was not derived from fixation, it may be 

assumed that or this sail of a high mineral N level, f ixed N 2 could 

similarly be tranaferred from the legume to an aSBociated plant (Martin 

et: al. 1991b). 

4.4. Conclusion: 

In 1991, there waa no evidence of Hl-fixation by any legwne 

species. In 1992, there was svidence of H2-fixation by the legumes, 

with the exceptions of MC-Nitro alfalfa, MC-medics and IC-If. polymorpha. 

In 1992, the percentage of N derived from Nl-fixation of the 

intercropped legumes (71 ') wae higher than that of the monocropped 

legumes (29 %). Of the monocropped legumes, vetch fixed a hi.gher 

proportion of N than MC-red clover and MC-persian clover. The 

intercropped legumes fixed aimilar proportions of N with the exception 

of If. ciliaris which fixed a lower proportion of N than the rest of the 

Nl-fixing legumes. 

The amount of N fixed by the legumes in 1992, reflected dry matter 

yield and nitrogen yield differencea as the N2-fixirg monocropped 

legumel yield~d si.milar fixation values while IC-vetch yielded highar in 

fixed-N than the reat of the intercropped lequmes. Intercropped red 

claver, persian clover and Nitro alfalfa fixed similar estimates of N, 

while red clover yielded higher in fixed N than the annual medics and 

persian clover also yielded higher than lC-If. ciliaris. 
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While there was no evidence of N transfBr by the I~ ID method, the 

direct lab311ing method did provide evidence of N transfer in both years 

under conditions of high soil mineral N. 
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Section 5 

GENERAL DISCUSSION 

The total dry matter yields and estimated total crude prote in 

yield~ of red clover monocrops anti intercrops were highly productive ;.n 

both years. In neither year were total dry matter and estimated total 

crude protel~ yields of red clover monocrope or in~ercrops lower than 

the rest of the monocropped (MC) legumes or inl:ercrops, with an 

exception in 1992, where the estimated total crude protein yield of red 

clover intercrops was lower than intercrape of vetch, but was higher 

than that of the ather intercrops. Monocrops and intercrops of the 

annual medicB were leaet productive. 

Although intercropped (IC) legumes cor::ipeted with barley for 

resources, reaulting in decreased barley dry matter yield and crude 

protein yield compared to MC-barley, rr.any intercrops were as productive 

as MC-barley in terme of total dry matter production and estimated total 

crude prote in yield. In 1991, the total dry matter yield of intercrops 

of red clover, Nitro alfalfa and vetch did not differ from MC-barley but 

the rest of the intercrops yielded lower than MC-barley. In 1992, 

intercrops of vetch and red clover outyielded MC-barley, which did not 

differ from intercrops of Nitro alfalfa and outyielded the rest of the 

intercrops. In 1991, the estimated total crude protein yields of rad 

claver intercrops outyielded MC-barley at each N level. In addition, at 

30 kg N ha-', intercrops of persian claver, vetch and Nitro alfalfa also 

outyielded MC-barley. Only the intercrops of li. scutellata and 

If. polymorpha at 0 kg N ha-· and of If. ciliaris and li. polymorphl1 at 

60 kg N ha-' yielded less estimated total crude protein than MC-barlay. 

In 1992, the eetimated total crude prote ln yield of intercrops of vetch 

and red claver outyielded MC-barley while HC-barley autyieded intercropB 

of li. polymorphl1 and If. ciliaris. 
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In neither year did the dry matter production of intercrops differ 

at cut 1. In 1991, the intererops at eut 1 did not differ in crude 

protein yield. In 1992, the crude prote in yield of 1ntercrops of veteh 

at cut 1 outyielded the rest of the intercrops and 1ntercrops of 

H. ciliar~s yielded lower in crude protein than intercrops of 

H. scutellata. 

In neither year did the estimated total crude prote in production 

of monocropped legumes or intercrops respond to N fertilizer 

applications, nor did barley. In 1991, the total dry matter production 

of intercrops responded positively to JO kg N ha l while 60 kg N ha l 

appeared to have a negative effect on total dry matter yield. Indeed, 

in 1991, there was & trend for greater intercrop effectlveness at 

JO kg N ha 1. Only monocrops of the componenta of vet.ch 4pd persian 

claver intercropB at JO kg N ha"1 and vetch at 60 .tg N ha 1 would require 

more land ta produce similar intercrop dry matter yielda at eut 1. In 

1992, only intercrops of vetch exhibited an intercrop advantage. 

The I~ ID method did not provide evidence of legume Nl-fixation in 

1991. This lack of evidence waB probably relRted to the high mineraI N 

leve1 of the soil and aoy dilution of legume I~ by fixed atmospheric N 

may have been insignificant. In addition, the I~ ID method &ssumption, 

that the Nz-fixer and non-N2-fixer abaorbed the Bame proportion of soil 

and fertilizer N (MCAuliffe et al. 1958), may oot have been met. In 

1992, there was evidence of N2-fixation, with the exceptions of MC-Nitro 

alfalfa, MC-annual medicB and rC-M. polymorpha, and the proportion of N 

derived from Nz-fixation by intercropped legumea waa 145 , higher than 

that of monocropped legumes. 

In 1992, while monocrops of peraian claver, red clover and vetch 

did not differ in terms of fixed N yield, the fixed N yield of IC-velch 

was highest of the intercropped legumeB while those of peraian clover 

and Nitro alfalfa did not differ from that of IC-red claver. 

The I~ ID method gave no evidence of current Beason tranafer of 
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.ymbiotically fixad N. A. with the lack of evidence of N2-fixation in 

1991, thi8 too probably related to the high leval ef Boil mineral N 

(Eagleeham e~ al. 1981; Martin et .1. 1991.). 

Although Ledgard et .1. (1985) were unable te det~ct N tran8fer in 

the field uaing the I~ direct labelling method, and Martin et al. 

(1991b) report ad avidence of N transfer, on an N depleted .oil, al.o 

u.ing thi. method, we were able te obtain evidance of N transfar from 

N. ciliaris, red clover and persian clover, by directly labelling leqwme 

petioles with I~, te asaociated barley and lequme plante in 1991, and te 

associated legume planta in 1992, en a .oil high in mineral N. 
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Section 6 

SUGGESTIONS FOR FUTURE RESEARCH 

1. There ahou1d be further evaluation of the lequmea intercroppad 

with an annual graaa, which would regrow after aach eut. 

2. Nitrogen fixation of theae legumea and their tranafer of N to 

•• eociated graaaea, aa datarmined by the I~ ieotope dilution 

method, ehou1d be examined further on N depleted eoile, or on 

aoila known to be low in mineral N. 
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