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Two field trials were conducted at Crop Research Div

ision, DaS.laR., Lincoln, in the 1971/72 and 1972/73 seasons 

to examine ways of reducing the cost of establishing lucerne 

and reducing the loss of production in the first year. 

Trial I examined the effect of a spring sown barley 

(cv Zephyr) cover crop at three seeding rates, 0, 56 and 

112 kg/ha, on lucerne sown at the same time at three seeding 

rates, 2.9, 3.8 and 5.8 kg/ha with and without irrigation. 

The 1971/72 season was drier than normal but lucerne 

establishment was unaltered by a cover crop regardless of 

seeding rate or irrigation treatment. The overall estab

lishment was high with 73% of viable seeds being present as 

plants after the first winter at a seeding rate of 2.9 kg/hac 

Lucerne production at the harvest cut was reduced by barley 

sown at 56 kg/ha to 21% and 49% non-irrigated and irrigated 

respectively and remained depressed for two further cuts 

non-irrigated but yield was restored by the following cut 

irrigated. Irrigation increased the first season lucerne 



yield by 100% clear seeded and :194% with 56·kg/ha of barley 

and lucerne seeding rate had no effect on lucerne yieldo 

Undersown lucerne at all seeding rates reduced barley grain 

yield by 20% at the low barley seeding rate but lucerne at 

the high seeding rate only reduced grain yield at the high 

barley seeding rate. 

Trial II examined the e ct of a winter sown wheat 

(cv Arawa) and a spring sown barley (cv Research) on the 

establishment and early yield of lucerne sown in the spring 

at three seeding rates (2.25, 9~0, 35QO kg/ha). The 

influence of cover crop competit ion was further examined by 

sowing the cover crops at three seeding rates (56, 112 and 

224 kg/ha), and by simulated grazing of the wheat and the 

use of a herbicide on the barley and clear seeded lucerne. 

The 1972/73 season was drier than normal and although 

percentage lucerne establishment decreased as the lucerne 

seeding rate increased, no cover crop treatments effected 

lucerne establishment. Overall establishment was low with 

36.5% of viable seed being present as plants after harvest 

at the 2025 kg/ha seeding rateo Lucerne production at the 

harvest cut was low and was reduced markedly by cover crop 

treatments and height~ root weight and root weight distribu

tion data suggested that wheat had a greater effect than 

barley.. No further cuts w.ere taken in the establishment 

season but cover crops continued to reduce lucerne yields 

in four cuts., in the followingseason~ 

The use of spring sown cereal cover crops for 

establishment can be justified on 'the basis of provid a 

more profitable return v provided the establishment year 

production seeded lucerne is low but can not 



justified on the basis of weed suppression .. LUcerne seed-

ing rates of 2.25 and 209 kg/ha produced stands with at 

ast 30 plants/m2 which was a density sufficient for· 

maximum production .. , 
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1 .. 

CHAPTER I 

INTRODUCTION 

Lucerne (Medicago sativa Lo) which has been called liThe 

Queen of Forages" (Bolton, 1962) and is known still as 

alfalfa (Arabic for IIbest fodderll) has been grown and appre

ciated for many centuries. Junius Columella in the middle of 

the first century A.D. wrote of lucerne: liThe Medic plant is 

outstanding for several reasons: one seeding affords for all 

of ten years thereafter 9 four harvestings regularly and some

times six; it dungs the soil; lean cattle of every kind grow 

fat on it; it has medicinal value for an ailing beast; and 

one jugerum (0.27 ha) of it provides abundant fodder for three 

horses for an entire year,," 

In New Zealand lucerne was traditionally used as a con

served fodder~ however in recent times the value of lUcerne 

for grazing has been recognized~ although its use is still 

well below its potential. The advantages of using lUcerne 

for grazing 9 instead of conventional pasture, particularly in 

the lower rainfall areas of New Zealand are well documented. 

They include~ 

(i) greater dry matter production (Iversen, 1965); 

(ii) relative drought resistance with a consequent reduc

tion in between year variations in production (Iversen, 1965); 

(iii) relative freedom from porina and grass grub attack 

(Pottinger and MacFarlane, 1967); 

(tv) high quality feed when grazed (McLean et a1 9 1967) 

or conserved (COOP9 1967) 0 

Several disadvantages have been attributed to lucerne. 

The over-emphasis of these may have contributed to the slowing 

'; 



in the rate of expansion of lucerne area, following its up

surge in the 1950's (Fig. 1). The disadvantages claimed 

include: 

(i) Seasonal spread of production: the lack of growth 

in winter and the late onset of growth in the spring are a 

feature of lucerne. Overdrilling of winter active grasses 

or cereals offers a means of spreading production slightly. 

(ii) Management: lucerne production advantages are 

only manifested under the correct rotational grazing system 

(Iversen 9 1965) which coupled with poor seasonal spread of 

production made managing lucerne more difficult than conven

tional pastures (Stewart, 1967). 

(iii) Cost of establishment: establishment of lucerne 

sometimes involves greater costs of seed, lime and fertilizer 

than the establishment of pasture. 

(iv) Loss of production: conventional pasture esta

blishes quickly and may reach its peak of production in its 

first year in Canterbury but lucerne establishes slowly and 

under dry conditions produces little in its first year. 

(v) Cultural difficulties: most of the cultural pro

blems,including poor inoculum and nodulation failure, have 

been resolved although Blair (1971) casts doubt on the 

successful implementation which occurs in practice. Past 

failures due to non-viable inoculum perhaps contribute to 

farmers' reluctance to increase lucerne areas. 

(vi) Cost of maintenance: although high maintenance 

costs are often claimed as a disadvantage, fertilizer require

ments are not high relative to production, and weed control 

can often be achieved by management and cultural means with

out the use of expensive herbicides. 
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(Vii) Metabolic disorders of stock: . bloat can be a 

problem but this is also 'true of cloveirdoniinant pastures. 

The incidence of "red-gut" low. 

(viii) Infertility: grazing lUcerne pasture does not 

have an adverse effect on the reproductive performance of 

sheep (Van Keuren and Marten, 1972). The flushing effect of 

lucerne may raise lambing percentages more than the phyto

oestrogens of lUcerne depress them (Matthews and Foote, 

1967) . 

The aim of this study was to examine ways of reducing 

the cost of establishing lucerne, and of reducing the loss of 

production in the first year. Treatments included lucerne 

seeding rates, cover crops and irrigation. 



CHAPTER 2 

LITERATURE REVIEW 

2 0 1 USE OF COVER CROPS 

The early farmers and agronomists in North America con

sidered the use of a companion crop to be essential to 

successful forage crop establishment (Kilcher and Heinrichs, 

1960) and the use of small grain cover crops in establishing 

forage species is standard practice today,particularly in 

the humid areas of the U.S.A. (Bandyopadhyay~ 1965). In 

Wisconsin for exampl~, over ninety per cent of pasture legumes 

are sown under a spring cereal cover crop (Smith ~~~ 

Kustjl 1971). 

1965; 

In the late 1950's, selective herb ides opened up the 

possibility of sowing lucerne one. Initial caution con-

cerning the economics of establishing lUcerne alone, and the 

effect of· cutting management in the establishment year on 

persist,ence and yield in subsequent years, is disappearing 

in the U.S~A. The practice of establishing lucerne alone 

is rapidly be accepted (Seaney, Lucey and Pardee, 1970). 

The history of the use of cover crops in the establish

ment of legumes, and of lUcerne in particular, in New Zealand, 

is the reverse of that in the U.S.A. Hill (1919) stated that 

in England and France lucerne was often established under a 

cover crop of spring oats (Avena sativa L.) or barley (Hordeum 

VUlgare L.) but that in New Zealand nit was customary and 

perhaps the best practice to sow lucerne alone" (clear seeded). 

Bolton (1962) stated that a survey of recommendations for 

lucerne establishment from different countries showed that a 



6 .. 

cover crop was recommended in , Denmark, Australia and 

the moister areas of Canada and U .S."A. b,ut in dry areas of 

Canada, U.S., Australia and South Africa g a cover crop was 

not recommended. He concluded that cover crops were not 

used in California and New Zealand because there growth was 

almost continuous and new stands of lucerne quickly became 

productive. This was not in fact the case in New Zealand. 

R.HD Bevan ( .) and R.A. Milne (pers .) 

considered that poor soil fertility and structure once pro

hibited the successful use of cover crops for lucerne esta

blishment. Milne further considered that a general lack of 

understanding of the cultural requirements of lucerne con

tributed to the recommendations that it be sown alone. In 

recent times the practice of establishing lucerne under cover 

crops has increased and is more widely recommended. 

In England the practice has not been generally reco~ 

mmended, although lucerne establishment under 112 kg/ha of 

barley had proved very successful over a number of years on 

the Cambridge University farm (Mansfield, 1945). Davies 

(1952) reported reduced establishment with a cover crop and 

recommended that lucerne be sown alone and Green (1955) 

reported lucerne was the pasture least often established 

under a cover crop. 

2.2 CONCEPTS 

The annual crop sown with perennial forage species has 

been called "cover crop", "nurse cropn and "companion crop". 

How"ever, as Santhirasegaram and Black (1965) and others have 

point out, these terms are generally misleading, as both 

"cover and "nurse crop" protection of the 



undersown species by the annual spec , and licompanion crop" 

infers a measure of mutual benefit. Seldom is either the 

annual crop or the undersown species benefited by the assoc

iation, and Thatcher (1937) considered that the use of 

the misnomer "nurse crop" lead farmers in America at that 

time to believe that forages could not be satisfactorily 

sown alone. 

The term "cover crop" is also used to describe crops 

and pasture growing beneath trees in orchards or plantations. 

In addition a cover crop is a crop which is grown to protect 

the land from leaching and erosion during periods when the 

soil would otherwise be bare (Delorit and Ahlgren y 1959)q 

The term "cover crop" will be used in the paper to mean the 

temporary crop grown in the year of establishment of forage 

species. The agronomic and economic reasons given for the 

use of cover crops include: the provision of a profitable 

return in the establishment year, suppression of weed growth, 

protection of the undersown species, and reduced cost of 

establishment. 

2.2.1 The provision of a profitable return ;n the establish-

Martin and Leonard (1967) define cover crops as crops 

which are grown with a forage such as lucerne or red Clover 

(Trifolium ) in order to secure a return from the 

land in the first year of a new sowing. Most would agree 

that the main advantage which could be claimed for the use 

of cover crops was the crop return they offer during the 

establishment year (for example Kilcher and Heinrichs, 1960). 

Although the undersown species may yield less the esta-

blishment year and the following year, relative to clear 
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seeded, the difference is insufficient to compensate for the 

value of the cover crop (Bolton, 1962). 

2.2.2 Suppression of weed growth. 

The cover crop species is often a cereal, which.ger

minates quickly and establishes a cover rapidly, thus pro

tecting the soil from erosion and suppressing weeds. However 

as Klebesadel and Smith (1959) and Buxton and Wedin (1970a) 

have shown the benefit from reduced weed growth is often lost 

because of shading and moisture utilization by the cover cropo 

The cover crop species which suppressed weed growth most also 

caused the greatest suppression of the undersown species. 

Except under unusual circumstances (Ahlgren et al? 1951; 

Smith et aI, 1954) the use of a cover crop could not be 

justified on the grounds of weed suppression" 

2.2.3 

The faster growing cover crop competes for light, 

moisture and nutrients with the undersown species 9 usually 

resulting in reduced growth. However special circumstances 

have been cited where the cover crop offers protection of 

the undersown species. 

Bolton (1962) stated that the strong seedlings of a 

cereal cover crop assisted the emergence of the weaker 

lucerne seedlings on heavy soils where crusting oc.cur.red. He 

also considered that legume seedlings were protected when 

soil drifting occurred and were less likely to suffer dam

age from winter freezing when established under a cover crop. 

Charles (1958) stated that on land which vTas sloping or for 

reasons was subject to erosion, losses would be less 

if a quick growing cereal cover crop was used in addition 



to the slower growing legumeQ Kilcher and Heinrichs (1960) 

claimed that, in addition to offering protection from erosion 

and crusting 9 a cover crop protected the undersown species 

from intense sunlight. 

2.2.4 Reduced cost of establishment. 

Sowing a crop and a forage species together reduced 

the cost of cultivationv compared with the crop and forage 

species being sown separately in succeeding years (LeVY9 

1922). 

2.3 CHOICE OF COVER CROP 

Cover crop species differ in their effect on the 

undersown species due to differences in their demands for 

moisture~ light and nutrients although most differences 

have been attributed to light transmission or moisture 

requirements. 

Briggs and Harrison (1953) compared barley~ oats~ 

sudan grass (Sorghum sudanese)? buckwheat (Fagopyrum~

lentum).9 millet (Panicum miliaceum) and soyabeans (Glycine 

.) as cover crops for lucerne and found that lUcerne 

yields were higher from the first cut, when sown with the 

large grained crops. Similarly Kilcher. and Heinrichs (1960) 

compared the effect of spring sown wheat (Triticum aestivum 

L.), oats, barley and rye (Secale L.) on the esta-

blishment and vig~ of a lucerne, prairie grass (Bromus 

unioloides) and crested wheat grass (~~~~: ~~~~~;I 

mixture. They concluded that maturing wheat sheds its 

leaves sooner and thereby permitted more light to reach 



the forage seedlingso Although Bandyopadhyay (1965) found 

winter wheat and winter rye to be the same in competit 

ness when harvested at the tillering or flowering stage, 

wheat was less competitive when both crops were harvested 

at the milk stage or at maturity. 

Klebesadel and Smith (1959) studied the establishment 

of lucerne and red clover under various autumn and spring 

sown cover crops and found that light and soil moisture were 

related so that a cover crop which caused early and extended 

shading also caused early and extended soil moisture stress& 

They showed winter rye and winter wheat were stronger competi

tors for light and moisture and exerted this competitip.n for 

a longer period than spring cropso On the basis of vigour 

and density of the lucerne/red clover mixture the crops 

ranked as follows: least vigorous under winter rye <winter 

wheat < barley ~ oats wheat linseed usi tatissium L.) 0 

Tesar (1957) compared establishment of lucerne under 

oats and maize (Zea -= __ L.) and showed that establishment 

under maize was influenced greatly by soil moisture and con

cluded that in dry seasons establishment would be more 

difficult under maize than under oatsq 

In New Zealand, Palmer and Wynn-Williams (1972) found 

barley, peas (Pisum ~~~=) and linseed to be equally compe-

titive with establishing lucerne. At Winchmore Irrigation 

Research Station (Winchmore,' 1972) lucerne established in the 

autumn under forage crops of Tama ryegrass (Lolium ~~~~~ 

urn cv N.Z. Grasslands Tama) and greenfeed barley was not 

satisfactory but lucerne sown with turnips (Brassiea L.) 

appeared promising. Janson and Knight (1973) compared wheat~ 

barley, peas and 

and without 

at high and low seeding rates, with 

ion and showed that peas was the only 
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crop which had no significant on lucerne establishment. 

2.3.2. Cultivaro 

Flanagan and Washko (1950) found establishment of 

the undersown species to be correlated with light transmi

ssion and cultivars of oats with fewer and shorter tillers 

allowed greater light infiltration and better establishment. 

Similarly Collister and Kramer (1952) found a significant 

negative correlation between the height of an oat cultivar 

and the yield of the undersown legume. 

In contrast Scott and Patterson (1962b), who compared 

a short (120 em) sorghum (Sorghum vulgare) cultivar with a 

tall (250 cm) cultivar as a cover crop for lucerne, found 

that the shorter cultivar resulted in better establishment 

than the only when the lucerne was sown one month 

before the grain. When the lucerne and sorghum were sown 

together, or the lucerne sown later, establishment was better 

with the tall cultivar. However, differences in crop 

species or cultivar of different heights may not be expressed 
~ 

as differences in the establishment or growth of the under-

sown species because of the buffering effect of weed growth 

(Bula et al~ 1954) v 

Conclusions. 

From these results and the conclusions of Thatcher 

et al (1937) and Santhirasegaram and Black (1965) the ideal 

cover crop for legume establishment would be: 

(i) short and erect~ 

( ii) 

( iii) 

( iv) 

( v) 

stiff strawed lodging resistance, 

a producer of a minimum of leaf growth, 

early 

spring sown .. 
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When the cover crop and undersown species ar(;:l sown at 

the same time, these two species in addition to weeds, ger~ 

minate at or near the same time in soil devoid of vegetation .. 

Milthorpe (1961) considered that under these circumstances 

the degree of success of any spec s depends on its size at 

emergence, its relative growth rate and its time scale from 

emergence relative to that of the other spec 

2 .. 4 COVER CROP MANAGEMENT 

A number of techniques have been investigated to 

reduce competition between the cover crop and the undersown 

species, which include: method and time of sowing, cover 

crop seed rate~ row spacing and direction and removal of 

the cover crop. 

2.4.1 Method and time of sowing. 

Traditionally forage species were established with 

cereal cover crops by mixing the seed together and sowing at 

the normal depth and rate for the cereal (Kilcher and He 

richs, 1960). However p with greater knowledge of the 

cultural requirements of legumes, the seed is now sown 

separately .. 

The time of sowing one crop relative to the other is 

often critical in the successful establishment of the legume 

and most recommendations on undersowing stress the importance 

of sowing the crop and the forage species at the same timeo 

Pendleton (1957b) showed that establishment of clover was 

superior when wheat and clover were sown at the same time 

in the autumn? rather than broadcasting the clover into 

the wheat early spr Similarly Bandyopadhyay (1965) 

stated as the legume was sown ssively later, 



relative to the cover crop? establishment and yield declinedQ 

Rickert (1972) obtained the same results with a grass (Pani-

maximum) under an oat crop with seedling density and 

growth being inversely related to the age of the cover crop 

at sowingq Scott and Patterson (1962a) showed that sowing 

lucerne into a cover crop of sorghum of increasing age 

tended to increase rna ture competition and reduce lucerne 

survival. To the contrary, Jackobs and Gossett (1956) who 

sowed maize in spring and lucerne on several dates from the 

time the maize was sown unt seven maize leaves were expand

ed, found that the lUcerne establishment increased in the 

plots sown one month after the maizeo They considered this 

result was caused by greater weed growth on the early sown 

plots. 

In a different approach~ McGowan and Williams (1973) 

attempted to reduce the competition between barley and under

sown subterranean clover by delaying barley emergence. Treat

ments included delayed sowing, cycocel (CoC.C.) and paraffin 

treated seed and sowing seed at 10 cm depth. These treat-

ments tended to reduce barley growth and increase light 

transmission, but treatments which increased the final weight 

or seed /::1 clover also reduced the yield of barley. 

2.4.2 Cover crop seeding rate. 

The effect of reducing the cover crop seeding rate on 

the establishment and yield of the undersown legumes depends 

on: 

(i) the nature and exten,t of the weed problem, 

(ii) the moisture supply during the early stages of 

grmrth, 

(iii) the s and its relation to soil moisture. 



With adequate moisture and a large amount of weed 

seed, decreasing the seeding rate of the cover crop increas-

ed light transmission initially (Bula , 1954) but did 

not effect the establishment and yield of the undersown 

legume because additional weed growth tended to compensate 

for the reduced growth of the cover crop to give the same 

amount of growth per unit area as when the cover crop was 

sown at a higher e (Smith et aI, 1954; Scholl and Stani-

forth, 1957; Davis, 1962). 

When moisture was adequate, particularly on fine. 

textured soils, high seeding rates and the resultant compe

tition for light markedly increased crop height (Donald, 

1963) and the taller and thinner stems were more prone to 

lodging (Dungan y 1958; Bunting, 1971; Adelana and 

Milbourn, 1972)? so reduced seeding rates were advisable to 

reduce the risk of lodging, even if weed growth was increased. 

dry seasons, or on sandy textured soils where com-

petition moisture was the major factor, increasing the 

cover crop seeding rate markedly reduced establishment of 

the undersown legume. Increasing the barley seeding rate 

from 16 kg/ha to 50 kg/ha did not increase grain yield but 

decreased growth and seed set of subterranean clover (McGowan 

and Williams, 1971). 

The effect of altering the cover crop row spacing is 

similar to that of altering seeding rate in that weed popu

lations and soil moisture are critical factors. Harper (1946) 

showed that the establishment of the undersown legume was 

improved little by increasing row width of the cereal cover 

crop from 18 em to 36 em when summer rainfall was high and 



temperatures below average, but when summer drought was severe 

a dense stand of legume was obtained the 36 cm row plots, 

whereas a complete failure occurred in the 18 cm row plotso 

Similarly Tossell and Fulkerson (1960) in Ontario and 

Pendleton and Dungan (1953) in Illinois, showed that increas

ing the row width of spring oats increased establishment and 

yield of the undersown legume only in abnormally dry yearso 

Increasing row spacing of maize improved both the 

establishment and yield of the undersown legume (Schaller 

and Larsort 9 1955; Tesar, 1957; Haynes et al, 1959). 

Blackmon and Snell (1954) found that increasing the row 

width of winter wheat had no effe.ct on the establishment of 

red clover, but increasing the row width of spring oats 

creased establishment, but not yield, of lucerne. They 

attributed this difference between c:ereals to the relatively 

greater tillering of a winter crop. 

Most workers concluded or inferred that increasing 

the row width of the cover crop reduced competition for soil 

moisture 9 Larson and Willis (1957) for example~ showed 

with maize grown in rows of different spacings and directions 

that legume establishment increased with increasing soil 

moisture and decreasing light intensity and soil temperature; 

by widening the row spacing moisture stress at locations 

between maize rows was reducedo Scott and Patterson (1962b) 

on the other hand, considered. that altering row width 

altered compet ion for lighto 

2~4.4 Row directiono 

The e ct of competition can be modified by varying 

the row ction of one crop relative to the other. Kilcher 

and inrichs (1960) showed with a number of cereals and 



legumes that cross-drilling the cover crop reduced competition 

and resulted in increased forage production relative to 

sowing in the same drill row. 

Cover crop rows drilled in north-south direction gave 

a better distribution of light and minimized differences in 

soil temperature and moisture with increased legume survival 

(Larson and Willis~ 1957, Pendleton , 1957)9 although 

Tanner and Peterson (1960) showed that at 100 em row spacing 

of maize there was little difference between east-west and 

north-southirow directions on daily light transmission. 

204.5 Removal of the cover crop. 

In the establishment of forage species under cover 

crops the effects of removal of the cover crop have been 

investigated in two respects:. stage of growth and height 

of cutting. 

stage of growth: 

Many workers have found that cutting and removing the 

cover crop before maturity resulted 

ablishment (Thatcher , 1937; 

1953; Klebesadel and Smith, 1960; 

improved legume est

Briggs and Harrison, 

Bandyopadhyayv 1965). 

Only Patterson (1960) showed that cutting oats twice at the 

"pasture stage", once at the "silage stage" or harvesting 

at maturity had no e ct on lucerne-brome establishment and 

yield.. On the other hand cutting an oat cover crop for hay 

before maturity reduced lucerne establishment and yield be

cause increased weed growth created more competition than 

the mature crop (Briggs and Harrison, 1953; Kilcher 

and Heinrichs, 1960)0 

Removal the cover crop by grazing may injure the 

establishing c , particularly under wet conditions 
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(Bates, 1946). Janson and Knight (1971) found when establish-

ing lucerne in the autumn under forage crops, that the crops 

which required early and repeated grazing were unsuitable 

for successful establishment. McGowan and Williams (1973) 

found that grazing winter sown barley twelve weeks after 

sowing did not effect subterranean clover growth and seed 

set but reduced barley yield by 30%. 

Early crop removal can reduce the risk of lodging 

(Thatcher et aI, 1937) and reduce grain shedding and the 

consequent volunteer growth (Klebesadel and Smith, 1960) 

and so increase legume establishment. However this reduces 

the economic yield of the cereal. Where cover crops are 

used because of the financial gains from using them, any man-

agement practices which reduce the economic yield can not be 

reasonably considered. ( 

Height of cutting: 

The height of cutting of the cover crop at harvest 

may influence the legume by: 

( i) 

( ii) 

( iii) 

seedling. 

protection of the seedling by the stubble, 

shading of the seedling by stubble, 

effeoting the speed of regeneration of the 

Velich and Kl.atikova. (1970) studied the effect of 

shading by the cover crop stubble on lucerne and red clover 

survival. Stubble left uncut for ten days had no effect, 

but legume survival decreased with increased shading until 

50% mortality occurred with sixty days shading. Lucerne 

was more sensitive to this shading than red clover. 

Similarly Fergus and Hollowell (1960) suggested that 

removing the straw within one month of harvest was essential 



for red clover, and mowing the stubble was also beneficial. 

Briggs and Harrison (1953) found that lucerne establishment 

and subsequent yield was better with oats and barley cut 

7.5 cm high than 20-25 cm high. Patterson (1960) cut an 

oat cover crop at 5 cm and 15 cm and found no difference 

in legume survival or yield. 

2.5 COMPETITION 

Harper (1961) in order to avoid defining competition, 

used the term "interference" to describe ttthose hardships 

which are caused by the proximity d£ neighbours". Mil

thorpe (1961) used the term "competition" to describe those 

events leading to the retardation in growth of a plant 

which arise from association with other plants. 

18 .. 

According to Donald (1963) competition "occurs when 

eaeh of two or more organisms seeks the measure it wants of 

any particular factor or thing and when the immediate supply 

of the factor or thing below the combined demands of the 

organismsu • The factors or It thingsn for vThich competition 

occurs in the plant world are nutrients, moisture~ light and 

perhaps space. Space however has not been shown to be a 

factor in competition between cover crops and undersown 

legumes. 

When the soil is adequately fertilized and irrigated, 

light may well be the principal factor limiting the under

sown species. However? the undersown species initially 

suffering from shading by the taller cover crop, will have 

its growth and particularly growth of its roots, restricted. 

The reduced rooting system will then limit ability to compete 

for nutrients and moisture. Thus the lack of growth of the 



undersown species is the direct result of competition for 

light, nutrients and moisture even though nutrients and 

moisture may be adequateo Competition for nutrients and 

moisture can be induced by competition for light. 

Although the magnitude of the competition will be 

reflected in the seedling vigour (Bula et aI, 1954), the 

factors for which competition occurring, as has been 

illustrated p are difficult to separate. 

2$6 EFFECT OF COVER CROP 

206.1 Establishment of the undersown species. 

Much of the published work on cover crops is con

fined to a single aspect of the cover crop-undersown 

species system and control plots or plant counts are often 

absent. For example Briggs and Harrison (1953) found that 

different cover crops resulted in different stand densities 

but these were not compared with clear~seeded lucerne. Sim

ilarly, Bula et al (1954) showed that increasing the seeding 

rate of the cover crop reduced establishment of lucerne but 

again no control treatment was included. 

Work which included control treatments mainly showed 

deCll:eased lucerne establishment under a cover crop. Only. 

Ahlgren et g1 (1951) claimed that establishment of a brome

grass-lucerne mixture was higher under 68 kg/ha of oats com

pared to establishment alone or under 136 kg/hae More commonly 

however, American studies generally found reductions in 

lucerne establishment with a cover crop (Kre inger and Law, 

1945; Tossell and Fulkerson, 1960; Patterson, 1960; 

Bandyopadhyay, 1965) as have some New Zealand stud s (Janson 

and Knight, 1971), although Palmer and Wynn-Williams (1972) 
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reported reduced establishment under a cover crop only 

one trial of four. 

206.2 Initial growth of the undersown species. 

Although, theoretically at least, both the cover crop 

and the undersown species will suffer from the associat ion, 

the undersown species will be effected to the greatest extent. 

The factor for which competition occurs is difficult to iso

late due to the interaction of light and soil moisture: 

Decreased light intensity has been shown to increase 

the height of grasses (Black, 1957) and cereals (Donald, 1963), 

however the reported r~aults with pasture legumes have been 

contradictory 0 Matches et. al (1962) found that lucerne 

height waS not reduced at 64% light transmission but was 

reduced at 31% .. Scott and Patterson (1962b) and Copper 

(1966) isolated the effect of shade and showed that with 

decreasing light transmission lucerne height was reduced. 

The latter author found weight decreased more than height 

with decreasing light (Table 1). 

TABLE 1 Light transmission and lucerne growth 

(after Copper~ 1966)" 

""""'fat =mH' r~··_·_ 

Light Lucerne height Lucerne weight 
(% full sunlight) 

( cm) (%) 

100 54 100 2 .. 05 100 

49 48 90 1 .. 25 60 
24 42 80 0.69 34 

8 25 47 0.17 8 

Ludw (1953) found in red clover that height 

decreased with light intensity in red clover in 
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the first six weeks of growth but increased with increasing 

light intensity after this. Cowett and Sprague (1962) 

found in a pot trial that luoerne height increased with 

decreasing light transmission (Table 2). 

TABLE 2 Light transmission and lucerne growth 

(after Cowett and Sprague, 1962)9 

Luoerne height Luoerne 
(% 

Light 
full sunlight) 

( em) (%) (g) 

100 27.6 100 5 .. 42 
75 34.3 124 5.11 
50 32.8 118 4.38 
25 38.4 134 3.79 

LSD (0.05) 2.8 0.77 

weight 

( %) 

100 
94 
81 
70 

Janson and Knight (1973) foundlueerne height to be 

inversely proportional to the light transmission beneath diff

erent oover crops9 but the effect of shade was not isolated 

and measured independently. Thus a causal relationship was 

not proved because the cover crops differed in growth habit, 

height, moisture requirements, nutrient requirements and 

stage of maturity in addition to shading ability. Light 

transmission was measured at the level of the lucerne under-

storey which varied between crops. 

The relationship between light intensity and dry 

matter accumulation in lucerne appears to be linear or curv-

ilinear (Gist and Mott, 1957; Bula et aI, 1954; Rhykerd 

et aI, 1959; Matches et al, 1962; Bandyopadhyay, 1965; 
, w 

Cooper, 1966) but the interactions of light intensity with 

so moisture, temperature and of growth mean the 
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generalization will often not hold. For example Bandyopad-

hyay (1965) showed that while the relationship was true at a 

soil moisture of 40%, at a soil moisture of 10% decreasing 

light intensity from 100 W/m2 (1,000 ft.c .. = 100W/m2) to 

40 W/m2 had no effect on lucerne weight or height (Table 3)& 

TABLE 3 Lucerne weight and height and different light 

intensity and soil moisture treatments 

(after Bandyopadhyay, 1965). 

Light Soil moisture 
intensity 40% 20% 10% 

W/m2 
Weight Height Weight Height Weight Height 
( g) ( cm) (g) ( cm) (g) ( cm) 

100 1100 39 350 22 40 3 
60 160 28 170 18 50 3 
40 40 23 70 15 60 3 

At very low light intensities (40 W/m2) increases in 

soil moisture had no effect on lucerne weight but increased 

lucerne height. Gist and Mott (1957) stated that the small 

response of legume seedlings, growing at low light intensities, 

to increasing soil moisture, was evidence that irrigation of 

seedlings heavily shaded by cover crops may actually decrease 

the vigour of the seedling by increasing the growth of the 

cover crop. This was shown by Janson and Knight' ( 1973) • 

Most authors have found that roots are reduced more 

than tops by reductions in light intensity and thus shading 

tended to lower the root/top ratio in lucerne (Pritchett and 

Nelson, 1951; Gist and Mott, 1957; Bandyopadhyay, 1965; 

Buxton and Wedin, 1970b)0 



The initial growth of luoerne under shading or cover 

crops ha$ .been studied but there are few data on the full 

seasons' growth of undersown lucerne 0 Most work either does 

not include first year production data (Ahlgren et al, 1951; 

Tesar, 1957; Kilcher and Heinriohs, 1960; Scott and Patter

son, 1962b) or a clear seeded control (Briggs and Harrison, 

1953; Klebesadel and Smith, 1959). Buxton and Wedin (1970a) 

gave the production of the clear seeded control only~ Only 

Janson and Knight (1973) measured the lucerne production in 

the establishment season. Irrigated clear seeded lucerne 

produced 4.8 t/ha with a 53% reduction by cover crops, while 

non-irrigated lucerne produced only 1.3 t/ha with a 70% 

reduction by cover crops. 

2.6e3 Subsequent growth of undersown speoies. 

The drought toleranoe attributed to lucerne is the 

result, partially at least, of an extensive root system 

which develops only when seedlings receive adequate light 

(Gist and Matt, 1957). Seedlings established in reduced 

light under a cover crop often have root systems that are 

smaller than normal. If fertility and moisture levels are 

adequate foIl the harvest of the cover crop, or in the 

year following establishment, the smaller root systems are 

more nearly able to meet the demands of growth processes 

(Buxton and Wedin, 1970b)" However, if drought prevails 

the initial shading by the cover crop may result indirectly 

in the poor growth or death of plants beoause of their 

inability to obtain adequate moistureG 

Where plant density has been reduced to sub-optimal 

levels by cover crop competition, subsequent stand growth 



will be a function of density (Briggs and Harrison, 1953) 

addition to a function of plant vigour 

year. 

the establishment 

Most workers that cover crops reduce the growth 

of weeds. However v as has been demonstrated by Klebesadel 

and Smith (1959) the cover orop also suppresses growth of 

the undersown species which is more important. 

2.7 EFFECT OF WEEDS ON ESTABLISHMENT AND YIELDS OF 

LUCERNE 

Weed competition in establishing lucerne stands has 

been shown to reduce yields severely the first cut (for 

example Taylor~ 1969) or even cause establishment failure 

(Palmer, 1968)0 However, reports suggest that weed growth 

in the establishment year commonly had no effect on plant 

survival or yield in subsequent years (Wakefield and Skaland, 

1965; Kust? 1968; Palmer, 1968; Moline and Robison? 1971; 

Schmid and Behrens, 1972)0 A lasting effect of weed competi

tion in the first year can occur if lucerne plant numbers 

are reduced to below that required for maximum productiono 

Also, if the root growth of lucerne is reduced by heavy weed 

infestation, as with the after effects of cover crops, the 

plants have a decreased ability to survive and yield under 

dry conditions or limited nutrient supply. 

Although herbicides have been shown to increase the 

yield of lucerne in the first cut in the establishment year~ 

the second and third cuts are often unaffected and thus the 

economic advantage is doubtful In dry seasons however, 



large numbers of weeds in the early part of the season may 

reduce the available moisture so that the yield of lUcerne 
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is reduced in later cuts (Peters 9 1961)0 Increasing the 

lucerne seeding rate reduces weed growth in the establishment 

year (Wakefield and Skaland, 1965; Palmer, 1968; Moline and 

Robison, 1971), but if the effects of the weeds are transi

tory, the economic benefit of increasing the seeding rate 

may also be doubtfulo 

Generally a cover crop reduces weed growth in estab

lishing lucerne. Ahlgren et al (1951) showed that the per

centage establishment of the undersown species increased as 

the cover crop seeding rate increased and weed growth decreas

ed. The weed species pre~ent (not stated) must have been 

exceptionally strong competitors because most reports suggest 

that the cover crop is a more severe compet,itor than the weed 

it replaces (Peters~ 1961; Kust, 1968; Moline and Rob on, 

1971; Schmid and Behrens, 1972). 

2 9 8 EFFECT OF UNDERSOWN SPECIES 

the interaction of cover crops and undersown species 

competition for water, plant nutrients and light have to be 

considered and in addition, Charles (1958) suggested that a 

legume sown under a cereal might supply symbiotically fixed 

nitrogen to the cereal. Donald (1963) stated th?t a cover 

crop sown at normal density and spacing will always be reduced· 

in yield when competition water, nutrients and light are 

operat However, he conceded that the undersown species 

is unlikely to compete for light, and the reduction in yield 

from competition for and nutrient is likely to be 

slight, partioul~ly when the undersownspecies is 



heavily suppressed. It is not surprising therefore that many 

researchers including Jarvis et al (1958) and McGowan and 

Williams (1971) found the undersown species did not effect 

the cover crop. 

Some reports suggest that the effect of the undersown 

species can be marked under some circumstances. Poole and 

Gartnell (1970) for example, established various annual 

legumes under winter wheat and obtained very highly signifi

cant reductions, 5-25%~ in wheat yield at three out of five 

trial sites. They concluded that the loss of wheat yield 

from undersowing should be considered as part of the cost of . 

undersowing in that area of Western Australia. Also Pendle

ton (1957a) grew oats at different row spacings and seeding 

rates with and without undersown red clov~r and found that 

red clover reduced the oat grain yield but not the volume 

weight which was increased one year out of three. Reductions 

in oat yields due to the presence of clover increased ~s oat 

row width increased and when the season was dry. 

An interaction between plant density and the yield 

reductions by the undersown species was also demonstrated by 

Mann and Barnes (1952) in a pot trial. They showed that 

clover reduced the yield of a barley crop by an amount which 

tended to lessen as the 'density of the barley increased. In 

a sparse crop of barley, increases in clover density reduced 

the growth of barley very little. They showed that when 

nitrogen was readily available there was a 10-18% reduction 

in the amount of nitrogen in the barley grown with clover v 

indicating that the clover took more nitrogen than it supplied 0 

Kurtz et al (1952) stated that a sufficiency of nitro

gen and water did not eliminate completely competition be

tween the cover crop and the undersown species., They found 
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that an undersown legume reduced maize yields by 15% on 

average. Aspinall (1960) in his study of competition between 

willow weed (Polygonum lapathifolium L.) and barley, suggest

ed that nitrogen deprivation caused by competition with the 

weed, reduced tiller numbers of barley. 

Charles (1960) undersowed oats with red clover, 

Italian ryegrass (L~ multiflorum cv Italian) and a red 

clover/ryegrass mixture. Undersowing reduced the number of 

oat panicles, the legume having the greater influence where 

fertil nitrogen was not applied, and Italian ryegrass 

when nitrogen was applied. This suggested that Italian rye-

grass was a better competitor for nitrogen ~han oats and 

that red clover competed be'1:4ter with oats for organic nitro-

gen than for inorganic nitrogen. stivers (1956) found that 

ladino clover grown adjacent to maize reduced the maize grain 

yield. Symptoms of nitrogen deficiency in the leaves and 

the responses to nitrogen fertilizer indicated that ladino 

clover was competing with the maize for available nitrogen. 

These results suggest that rather than the legume con

tributing nitrogen to the system as suggested by Charles 

(1958), the legume competes with the cover crop for nitrogen, 

increasingly as the density of the cover crop decreases 

relative to the denSity of the legume. 

2.9 PLANT DENSITY 

Increasing the number of plants per unit area reduces 

the volume of air and soil that the individual plant can 

exploit and therefore increases competition between plants 

for nutrients, moisture and light. Increasing intra-

specific competition results in increased stress per plant 
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with a decline in per plant production. However, maximum. 

yields per unit area are obtained from plant populations 

which do not allow the individual plants to achieve their 

maximum potential (Donald, 1963). Donald (1963) stated 

that as growing conditions improve the greater will be the 

plant density required to exploit fully the potential and 

to achieve maximum yield$ Conversely, higher than average 

plant densities will require more favourable growing 

cond it ions. 

At the time of sowing there is a linear relationship 

betw~en density and dry matter per unit area. As growth 

progresses, competition operates at the high densities and 

then, progressively with advancing growth, at lower densities. 

At the high densities competition becomes more and more in

tense unt growth stops. Thus the total yield at lower 

densities approaches that of the higher densities (Donald, 

1963). With a few exceptions the total yield-density 

tionship becomes asymptotic. Some components of the overall 

yield at lower densities exceed that at high denSities, re

productive yield for example, usually has a parabolic 

yield-density relationship. 

2.9.1 qereals. 

(i) Grain yield: The relationship between cereal 

grain yield and plant density has been shown to bea "flat

topped" parabola (Lang et al, 1956; Holliday, 1960; Donald g 

1963; ,Willey and Holliday, 1971) with the optimum denSity, 

or point of inversion of the curve, being higher the more 

favourable the environment for any reason (Lang , 1956; 

Dungan et aI, 1958; Ales and Power, 1965; Bunting, 1971). 

The greater the plasticity of the species the more nflat-
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topped" the parabola. Density has profound effects on the 

growth and development of a cereal through the growing season. 

Crop growth rate, leaf area, tiller initiation, tiller death 

and other parameters are modified by plant density (Kirby, 

1967). Willey and Holliday (1971) tried to determine the 

components of yields contributing to the decrease in yield 

as plant density increased beyond the optimum. They concluded 

that crop growth rate at high densities reached a maximum 

sooner than at low densities and lower production of total 

dry matter during the later stages of ear development resulted 

in a reduced number of grains per ear and grains per unit 

area. 

Increasing plant density in wheat and barley has been 

shown to give a linear response in plants per unit area, a 

curvilinear decrease in fertile tillers per plant, an increase 

in ears per unit area and a decrease in grains per ear (Guit

ard et aI, 1961; Donald, 1963; Kirby, 1967; Pelton, 1969; 

Willey and Holliday, 1971). 

(ii) Total Yield: The relationship between total 

dry matter yield and density in cereals has generally been 

shown to be asymptotic or, more precisely, rising to a maximum 

and remaining nearly constant with further increases in dens

ity (HQlliday, 1960; Donald, 1963; Kirby, 1967; Stivers 

et aI, 1971; Adelana and Milbourn,_ 1972). 

However, Alessi and Power (1965) showed that with low 

availability of soil moisture, total yield of maize reduced 

with increased plant density. Similarly Bunting (1971) 

showed, also with maize, that under "abnormally dry cond;L":" 

tions" maximum yield was obtained at an intermediate density. 

Of particular Significance is the work of Angus et al 

(1972) who grew two barley cultivars, Research and Lenta, at 



two locations in New South Wales. Research, with flat hori-

zontal leaves, showed a decline in tot dry matter yield at 

high densities when grown at one of the two sites (Table 4)~ 

They attributed this to dry conditions at Deniliquin, causing 

rapid maturing and moisture supply being the major limiting 

factor rather than light. At Mt Derrinut a more favourable 

season allowed a prolonged ripening period and light inter

ception and distribution seemed to have been the limiting 

factor. 

TABLE 4 

Dens i ty' . 

Low 
High 

LSD 5% 

Grain and total yield of barley (cv Research) 

at two densities and two sites (after Angus 

.;;;..;;......=' 1972) .. 

Yield (kg/ha) 
Mt Derrinut Deniliquin 

Grain Total Grain Total 

4090 9800 50 7940 
4150 8800 3450 8320 

673 1058 959 2476 

This result\was in agreement with Duncan (1969) who 

claimed that the limit to density was determined by af 

angle .. With flat horizontal leaves a high leaf area index 

was a disadvantage because of excessive self shading, but 

as leaf angle increased so could leaf area index and 

density. 

2 .. 9 2 Lucerne. 

There have been,few studies of lucerne density and 

yield but most shm'l the relationship reaches (a Uplateau" 
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(Zaleski, 1959; Brown and Stafford, 1970; Takasaki et aI, 

1970; Palmer, 1971). Only Jarvis (1962) found the relation

ship to be truly asymptotic and Whittet (1937), Donald (1956) 

and Moline and Robison (1971) showed, but without strong stat

istically significant evidence, the relationship to be para

bolic. 

The seeding rate required to produce a stand for max

imum production depends on the percentage establishment and 

the final population required. 

( i) Percentage establishment: The percentage est-

ablishment can be defined as the number of plants surviving 

after a given period, often twelve months or after the first 

winter, expressed as a percentage of viable seed sown. The 

percentage establishment will vary with a number of factors 

including climatic conditions, soil fertility and moisture, 

nature of the seed bed, method of sowing, pests and diseases, 

interspecific competition and nodulation. In addition 

l~cerne establishment has been shown to be highly dependent 

on initial seed density (Garner and Sanders, 1940; Zaleski p 

1957; Palmer, 1971). As the density of seeds or seedlings 

in the row increased~ the percentage survival decreased 

markedly but the total establishment increased. Wakefield 

and Skaland (1965) found establishment to be only slightly 

density dependent. 

Establishments in New Zealand tend to have been 

higher than those quoted in America. Tesar and Jackobs 

(1972) stated that 60=70% emergence was excellent and a 

seedling survival rate of 40-50% after the first winter was 

general but that survival frequently fell as low as 20%. 

Jeffers (1958) found in Florida that 28-34 kg/ha of seed 
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were required to obtain 120 plants/m2 (10% survival). Palmer 

(1971) at Lincoln, obtained the same density with 11.2 kg/ha 

in one trial and with 5 0 6 kg/ha in another (25-50% survival)~ 

The apparently lower percentage establishment in America: may 

be due to the use of higher seeding rates or higher seeding 

rates are necessary because environmental factors result in 

lower peroentage establishment. 

(ii) optimum population: The optimum population or 

the population above which increases in density give no 

further significant yield increases has been shown to depend 

on stand age. However, the wide range of populations 

recommended throughout the world suggest that climate, soil 

fertility and moisture, and variety may also influence the 

final population required for maximum production .. 

Brown and Stafford (1970) stated that 320 plants/m2 

were required for maximum production in the establishment 

year but that 100 plants/m2 were adequate for mature stands. 

Wakefield and Skaland (1965) showed that 100-140 plants/m2 

were adequate in the establishment year and subsequent years. 

In contrast Palmer (197t) found that 63 plants/m2 or greater 

were required for the first cut in the establishment year but 

for the se and subsequent years 8-32 plants were adequate. 

However, these densities were of regularly spaced plants and 

it is expected that stands established from drilled seed, at 

irregular spacings, would require greater populations to 

achieve maximum yields. 

The population required for maximum production under 

irrigation or adequate soil moisture may be above that re-

quired under dry conditionse Whittet (1937) presented data, 

without statist analysis, which suggested that. under dry 

conditions (annual rainfall 600 mm) low lucerne densities 



out-yielded higher densities, he claimed, due to better rooting 

habit. At low densities the roots of lucerne were longer, 

larger in diameter and more spreading and thus better at 

moisture seeking. Hansen and Krueger (1973) also found that 

lucerne roots were deeper at low densities. Donald (1956) 

stated that in the first year of a stand, high densities gave 

the highest yields, but subsequently 40 plants/m2 out-yielded 

100-150 plants/m2 under a 580 rom rainfall. He also failed to 

supply any further supporting data, Similarly, Moline and 

Robison (1971) concluded from their data that a seeding rate 

of 24 kg/ha was higher producing than 17 kg/ha in the first 

year but lower producing in subsequent years. 

2.9~3 Stand life. 

The economic advantages of reduced seeding rates of 

lucerne would be short lived if plant death was independant 

of density. However, evidence has been presented which 

suggests that plant death rate under correct management and 

in the absence of pests and diseases, is density dependent 

and that stands "self thin" to an equilibrium population 

above the minimum required for maximum production (Fribourg 

and Kennedy, 1953; Zaleski, 1959; Yoda et aI, 1963; Taka

saId et al, 1970 ; Palmer, 1971 ) . 

Yoda et al (1963) showed with a number of higher plants, 

that there was a maximum asymptotic density which oan be 

supported vnder a particular environment and at a particular 

growth stage .. The asymptotic density and equilibrium was 

lowered with progress of growth and with improvement of the 

environment, and as a result, the densities of heavily over-

crowded plots tended to converge with time to the same level, 

irrespective of the difference in initial. density. 



Thus at sub-maximum populations, improvement in grow

ing conditions will increase survival, but at the maximum 

population improvement in growing conditions will reduce 

sUrvival due to intraspecific competition causing self-

thinning. This theory i~ complementary to that of Donald 

(1963). While Donald states that the optimum density for 

maximum yield is increased with improved environmental con

ditions, Yoda et al (1963) state that the maximum population 

which can be supported per unit area decreases, due to in

creased plant size, with improved environmental conditions. 

2.9.4 Distribution of individual plant weight. 

Koyama and Kira (1956) have shown that at sowing, the 

frequency distribution of individual plant weight in a pop

ulation will be represented by the normal or Gaussian curve 

but the distribution thereafter exhibits characterist 

patterns as related to the stage of growth, the environmental 

conditions and the plant density. They showed that the final 

distribution represented by an ttL-shapedtt frequency curve j 

positively skewed, probably belonging to a lognormal dis-

tribution .. 

Most of their data showed that the rate of appearance 

and extent of skewness was increased by plant density. Some 

of the data and that of Harper (1961; quoted by Donald, 
( 

1963) showed that under some circumstances density and extent 

of skewness were independant. They concluded that the com

petitive interaction was not the c~use that resulted in the 

~-shaped frequency distribution of plant weight, but it 

promoted the appearance of this particular distribution. 



CHAPTER 3 

METHODS TRIAL I 

3 .. 1 INTRODUCT ION 

In an effort to examine ways of reducing the direct 

and indirect costs of establishing lucerne, the effects and 

interactions of four lucerne seeding rates, three barley 

cover crop seeding rates and two irrigation treatments were 

examined. Although many examinations of cover crops have 

been made elsewhere, clear seeded controls or lucerne plant 

counts were often absent, and similarly, the effect of an 

undersown species on the cover crop has seldom been exam

ined because of inadequate control treatments. 

3 .. 2 TREATMENTS 

The experiment was a randomized block design of an 

incomplete 4 x 3 x 2 factorial with twenty-two treatments 

(LOBOIO and LOBOll not included) and four repl 

treatments usedb~ih~ as follows: 

( i) Lucerne seeding rates: 

eso The 

Viable seed kg/ha Viable 2 seed/m 

LO 0 0 

L1 2.9 132 

L2 3.8 175 

L3 5 .. 8 245 

( ii) Barley seeding rates 

Viable seed kg/ha 

BO 0 

B1 56 

B2 112 
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(iii) Irrigation 

10 Natural rainfall 

11 Irrigation at 50% available soil moisture 

All methods of cover crop management which have been 

reported to be beneficial were used; for exampletcross 

drilling, sowing crop and lucerne on the same day, sowing 

crop and lucerne separately at their optimum depth~ and 

cutting the cover crop as low as possible and removing 

residues completely. 

3.3 IYlETHODS 

The trial was conducted at the Crop Research Division, 

D.S~I.R., Lincoln, on a free draining Paparua sandy loam 

(pH 6.2, Ca 9, K 8, P (Olsen) 68). A basal dressing of gran

ulated superphosphate was applied to all plots at the rate 

of 376 kg/haG The trial was drilled on 24 September 1971 in 

an area which had been fallowed for twelve months and follow-

ing 10 mm 0 f rain. Barley (cv Zephyr) was drilled first 

with a 10 coulter disc drill. The site was then rolled and 

lucerne (cv Wairau) was cross drilled with a stanhay prec 

sion drill, the lucerne seeding rates corresponding to seed 

spacings of 2 .. 0, 3.0 and 4.0 cm within 15 cm rOws.. The 

lucerne seed was commercially pelleted with a lime-sand 

mixture .in the ratio of 1 part seed : 1 lime : 3 sand, 

following inoculation with 5 

level@ 

times the normal rhizobia 

The ten row plots covered 1e82m2 (Plate 1) and were 

irrigated by the "trickle method", with 16 whiskers per plot 

giving an output of approximately 0.8 litres/whisker/hour 

Snaydon (1972) showed that at heavy rates of irrigation 



PLATE 1 View Trial I with buffers removedo 



(0.5 1.5 x Pan evaporation) the frequency of application 

had no significant affect on the dry matter production of 

lucerne. Thus the use of trickle irrigation at frequent 

intervals was likely to have been equivalent in effect, to 

sprinkler or flood irrigation in larger quantities at ss 

frequent intervals 0 

3.4 MEASUREMENTS 

Soil moisture was determined at 10 day intervals over 

the growing season, with one sample being taken from each plot 

within one replicate, that replicate being resampled four 

weeks later. A core sample was taken to a depth of 15 cm, 

weighed, dried at 1000 0 for 24 hours, reweighed, and the 

weight of water expressed as a percentage of the dry weight. 

When the mean soil moisture of the irrigated plots was 50% 

of the total available moisture~ water was applied to return 

the level to field capacity. This occurred nine times be-

tween sowing and harvest and a further five times after har

vest. Following an irrigation.(21.1.72) when the difference 

in the soil moisture content between irrigated and dry treat

ments was large, the water potential in the lucerne seedlings 

was measured by the pressure bomb technique (Scholander et aI, 

1965). Attempts to measure light transmission at ground level 

beneath the cover crop proved unsuccessful because of the 

variability of the crop, windy conditions and the sensitivity 

of the instrument. 

Lucerne plants were counted at the first trifoliate 

leaf stage (15.10.71), just before ear emergence of the barley 

(2.12 Q 71 ) ~ after harvesting the barley (11.2.72) and after the 

Plants were counted 0.5 m lengths 



of row in five rows chosen at random within each plot. Barley 

plants were counted after emergence (15.10.71) and total 

tillers were counted before ear emergence (2.12.71). Plants 

were counted in 0.5 m lengths of row in eight rows chosen at 

random within eaoh plot and tiller counts from four rows. 

Sample areas of 400 cm2 per plot were cut on three 

occasions (22.11371, 3.12.71, 27.12.72) and recordings 

made of number of barley plants, barley tillers, lucerne 

plants, height of tallest lucerne shoot, the number of nodes 

on the tallest shoot, number of shoots per sampling unit, 

the dry weights of barley leaves above the tallest lucerne 

shoot and their leaf area, and the same measurements for 

below the tallest lucerne shoot. The dry weight of lucerne 

was also recorded and at the third s,ample harvest these 

were dissected into weight of stems and leaves and leaf 

areas were measured in one replicate only. 

Total vegetation was harvested (24-27.2.72) by mowing, 

dissected into weeds, lucerne and barley, the weeds and 

lucerne being oven-dried and weighed.. The barley was 

weighed, threshed on a stationary mill, and a sample of 

straw and all the grain was oven-dried and weighed. Samples 

of the grain were used for 1000 grain weight determination 

and nitrogen analysis. A sample of heads (25 per plot) 

was hand threshed for determination of grain numbers per 

head.. Two further cuts of lucerne were taken at the 10% 

flower stage in the first season (14.3 .. 72, 9.5.72) and one 

cut after the first winter (8.11.72). There was negligible 

weed growth in all cuts after the harvest cut and no further 

dissections were made. 



Root depth and distribution was determined in the 

winter by excavating soil from 0.25m2 areas in irrigated 

40 .. 

and dry plots of clear seeded lucerne, from three replicates& 

Soil was dug at 10 cm intervals to a total of 90 cm, sifted 1 

the roots separated , divided into three diameter (> 5 mm, 

1 rom, <. 1 rom), dried and we ighed .. 

3 .. 5 STATISTICAL ANALYSIS 

An analy of variance (Snedecor and Cochran, 1969) 

was carried out on the raw data inmost cases and 

Duncan's multiple range test (Duncan, 1955) applied to the 

treatment means. The analysis of the lucerne dry matter 

production in the establishment year was on logarith

mically transformed data and the analysis of the percentage 

establishments was of arc-sine transformed data. The soil 

moisture data was not analysed as only one replicate was 

sampled at anyone time, so a four week moving average 

which covered all four replicates, was used. 
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CHAPTER 4 

RESULTS TRIAL I 

4 .. 1 THE SEASON 

Climatic data are given in Table 5. 

TABLE 5 

Month 

Sept~ 1971 
Oct .. 
Novw 

Dec" 
Jan. 1972 
Feb .. 
Mar. 
Apr. 

* Climatological observations 1971/72. 

Rainfall Deviation Evaporation 
from 88y:r Pan A 

mean 
( rum) rainfall ( rum) 

29 -18 92 
26 -19 149 
57 + 5 163 
17 -41 205 
58 + 3 214 
22 -25 142 
24 -34 162 
42 -11 75 

275 -140 1202 

* Recorded at Lincoln College 4 k.m south of 

Cumulative 
deficit 

-35 
-113 
-170 
-295 
-387 
-464 
-553 

63 

63 

trial site 

** Calculated from data (oumulative deficit=rainfall -
(Pan A evaporation x 0.7» 

** 

The season was drier than normal with rainfall for the 

first eight months being 35% below normal. 

4 2 SOIL MOISTURE 

Soil moisture expressed as a four week moving average· 

of mean of the irrigated and of the non-irrigated treat-

ments showed the difference in moisture which 
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occurred up to harvest (Fig. 2). Irrigated treatments re

mained between field capacity and 50% available moisture 

while the non-irrigated treatments were below 50% available 

moisture from 24 November until after harvest and were below 

theoretical wilting pOint (WoP.) from 10 December .. With 

increasing density of Qarley or lucerne~soil moisture de-

creased initially (Figs. 3 and 4). Th:ls effect continued 

on until harvest with lucerne but as the barley reached 

maturity, transpiration declined and soil moisture tended ,to 

increase. Initially, clear seeded lucerne plots were re,a

tively more moist than barley alone plots~ but by harvest 

the differences were slight. Plots of barley undersown with 

lucerne were drier than the barley or the lucerne sown at the 

same seeding rates (Fig. 5). 

The water potential of the lucerne stems just before 

the harvest cut showed a large increase due to irrigation 

and a decrease with increasing lucerne density (Table 6)~ 

TABLE 6 stem water potential of lucerne sown at three 

seeding rates, irrigated and non-irrigated. 

Treatment Water potential of lucerne stems 
(kPa) 

To -1258 B 

11 - 543 A 

L1 - 718 a 

L2 - 922 ab 

L3 -1063 b 

CV 51 .54 
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4.3 LUCERNE ESTABLISHMENT 

Luoerne establishment was influenced by lucerne seeding 

rate and irrigation, but barley, either irrigated or dry, had 

no significant effect (Table 7). 

TABLE 7 Plant density of lucerne from different lucerne 

and cover crop seeding rate, and irrigation 

treatments at four sampling dates •. 

Treatment Lucerne plants/m2 

Date of sampling 
15.10 .. 71 2012.71 11 .2 .72 10 .. 8.72 

10 134 bB * 139 bB 136 bB 118 a 

I1 146 aA 153 aA 151 aA 123 a 

L1 98 cO 110 cC 114 cC 9ff cC 

L2 126 bB 140 bB 136 bB 117 bB 

L3 197 aA 187 aA 180 aA 146 aA 

BO 136 a 148 a 149 a 121 a 

B1 142 a 146 a 142 a 120 a 

B2 143 a 144 a 140 a 119 a 

x 140 aA 146 abAB 143 bcB 120 cB 

CV 13.42 14 .. 89 9.63 11 .. 77 

* Figures sharing the same letter do not differ 
significantly at the 5% (lower case) or 1% 
(capital) level of significance. Comparisons 
for significance apply only to members within 
each main treatment, e.g. no significant 
difference between BO, B1 or B2 but IO and I1 
are significantly different. 

Lucerne establishment was initially proportional to the 

rate of seed sown, but as the plants developed establishment 

density dependant (F .. 6). There was a highly 

seeding rate x date interaction because 
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plant numbers at the low and intermediate seeding rates in-
'i 

creased until the third and second counts respectively while 

plant numbers at the high seeding rate declined from the 

first count on. This probably happened because hard seeds 

continued to germinate at the low densities but at higher 

densiti~s intraspecific competition resulted in plant death 

at an earlier stage (Zaleski, 1957). Irrigation gave higl,J.ly 

significant increases in lucerne establishment over all 

treatments, of 9.4%, 14.2% and 10.6% respectively at the 

first, second and third counts, but after the first winter 

the increase had fallen to 4.2% and was non-significant. The 

overall establishment was high, with plants surviving the 

winter representing 73%, 67%, and 55% of the viable seed sown 
/' 

at L1 , L2 and L3 respect.1vely. 

4.4 INITIAL LUCERNE GROWTH 

Higher lucerne seeding rates resulted in greater pro-

duct ion to the extent that doubling the seeding rate doubled 

the dry matter production in the early stages of growth. 

Irrigation improved lucerne growth increasingly with time, 

and at the third sampling the effect of irrigation was 

greater at higher lucerne seeding rates. .The presence of a 

barley cover crop reduced lucerne growth, in the same propor-

, tion whether irrigated or dry, and doubling the barley seed

ing rate halved the initial lucerne growth (Table 8). 

The components of yield contributing to these effects 

varied with the treatment. The plant numbers at the low and 

intermediate seeding rates were proportional to the viable 

seed sown, but at the "high" rate plant numbers were less 

than proportional (Table 9), suggesting that intraspecific 
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TABLE 8 Early growth of luoerne from different lucerne 

and cover crop seeding rate and irrigation 

treatments at three sampling dates. 

Treatment Lucerne production ( DM per 400 cm2 ) 

Date of Sampling 
22.11.71 13.12 .. 71 27.12.71 

10 0.57 a 2.43 aA 3.92 bB 

11 0.69 a 3.11 bA 8.02 aA 

L1 0.43 bB 2.36 3.86 bB 

L2 0.61 aAB 2.72 6.16 aA 

L3 0.85 aA 3.22 7.89 aA 

N.S. 

L1 IO 0.38 1.81 3.37 c 

L2I O 0.48 2.65 4.02 c 

L3I O 0.85 2.83 4.37 c 

L1I1 0.47 2.92 4.34 c 

11 0.74 2.78 8.30 b 

L3I 1 0.85 3.62 11 .42 a 
N.S. N.S. 

BO 1.05 aA 5.67 aA 11 .89 aA 

B1 0.56 bB 1. 72 bB 4.06 bB 

B2 0.27 cO 0.91 cB 1.96 cB 

cv 59.25 50.65 52.74 

competition only occurred, to any extent, at the high rate. 

At this seeding rate shoots per plant were lower thanat1:be lower 

seeding rates at the second sampling (Table 10) and dry weight 

per shoot tended to be lower with increasing lucerne density 

under dry conditions although the difference was not 

significant (Table 11). 
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TABLE 9 Init establishment of luce~ne from different 

lucerne and cover crop seeding rate and 

irrigation treatments. (l I 

Treatment Number of' plant 

Date of sampling 
22*11.71 13.J2 .. 71 27.12.71 

10 169 a 151 a 152 a 

Ii 171 a 154 a 164 a 

L1 125 C 104 C 119 C 

L2 163 B 139 B 160 B 

L3 220 A 214 A 195 A 

BO 172 a 161 a 175 aA 

B1 176 a 146 a 152 bAB 

B2 163 a 150 a 147 bB 

CV 18.92 24.72 21.15 

TABLE 10 Number of shoots per lucerne plant from different 

lucerne and cover crop seeding rates and 

irrigation treatments. 

Treatment Shoots per lucerne plant 

Date of sampling 
13.12.71 27.12.71 

10 1.6 a 1.6 B 

11 1. 7 a 2.0 A 

L1 1.7 a 1 .. 9 a 

L2 1.8 a 1.8 a 

L3 1.4 b 1.8 a 

BO 2.4 aA 2.4 aA 

B1 1.3 bB 1.7 bB 

B2 1.2 bB 1.4 bB 

CV 27.07 26.92 



TABLE 11 

Treatment 

10 
11 

BO 
B1 
B2 

BOlO 

B1 I O 
B2 I O 
BOI1 
Bi11 
B211 

1110 

12 10 
1310 
1111 
1211 
1131 1 

cv 

Shoot weight of lUcerne from different lucerne 

and cover crop seedi~g rate and irrigation 

treatment s. 

Weight per 100 shoots (g) 

Date of sampling 
13.12.71· 27.12.71 

'4.3 b 19.8 B 
17.9 a 34.7 A 

25.0 A 46.' aA 

15 .. 2 B 22 .. 9 bB 
8 .. 1 0 12.8 bB 

23.8 aAB .6 bB 

11.9 cO 17.0 cBO 
7 .. 1 cO 10.0 cO 

26 .. 2 aA 59.5 aA 

18 .. 4 bBO 28.8 bB 
9 .. 1 cO 15.7 cO 

15.4 bAB 20.8 bB 
14.5 bAB 20.0 bB 

12 .. 9 bB 18.6 bB 
21.3 aA 26. 1 bB 

15.3 bAB 39.3 aA 

17.1 abAB 38 .. 6· aA 

38.3 41..4 

Irrigation increased the number of shoots per plant, 

but much of the response to irrigation was in increased dry 

weight per shoot (Table 11). Stem weight increased more 

than leaf weight with irrigation as the leaf/stem ratio at 

the third sampling was 1 .. 20 on the non-irrigated treatment 

and 0.99 wi.th irrigation. The heavier stems had longer 

internodes resulting in taller shoots (Table 12) as the 

number of nodes on the t shoot WaS unaffected by any 

treatment (Table 13) 
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TABLE 12 

Treatment 

TABLE 13 

Treatment 

L1 

L2 
IJ3 

BO 
B1 
B2 

10 
Ii 

CV 

--

Height of tallest shoot of lucerne from 

different cover crop seeding rate and irriga

tion treatments at three sampling dates. 

22.11.71 

1 3. 1 B 

Height of tallest shoot (em) 

Date of sampling 
13.12 .. 71 

24.7 B 33.9 

53. 

B 
15.5 A 33.5 A 48.8 A 

12.7 bB 28 .. 2 bAB 43.3 
15.6 aA 31.9 aA 40.9 
14.7 aAB 27 • 1 bB 37.9 

21 .65 17.58 16.80 

Number of nodes on the tallest lucerne shoot 

from different lucerne and cover crop seeding 

rate and irrigation treatments at two sampling 

dates. 

Number of nodes/tallest lUcerne shoot 

Date of sampling 
13.12.71 27.12.71 

7.9 a 10.0 a 
7.6 a 10.5 a 
8.1 a 10.5 a 

8.2 a 10.7 a 
7.8 a 10.7 a 
7.5 a 10.0 a 

7,,6 a 10. 1 a 
8.1 a 10.8 a 

16.60 18.81 

aA 

abAB 
bB 



54. 

Lucerne plant numbers were lower under barley although 

this effect was non-significant except at the third sampling 

(Table 8)9 Shoots per plant and dry weight per shoot WBre 

reduced by the cover orop. Height was increased by the 

cover crop sown at the low rate at the first arid second 

sampling but by the third sampling clear seeded lucerne was 

taller than lucerne under barley sown at both seeding rates. 

Lucerne area was very highly correlated with 

*** leaf dry weight (r = 0.9661 df 17) and total lucerne dry 

*** weight was highly correlated to leaf weight (r = 0.9989 df 

17) and thus any reduction in lucerne growth because of 

cover crop competition, resulted in a reduction in lucerne. 

leaf area further lessening lucernes ability to compete 

for light. Lucerne showed no trend towards compensat 

for reduced light availability by increasing the leaf area 

leaf dry weight ratio (c.f. Cooper and Qualls (1967) who 

obta,.ined increased leaf area : leaf weight ratios when light 

intensity was reduced from 750 watts/m2 to 60 watts/m2 ). 

4.5 LUCERNE YIELDS 

Lucerne dry matter production in the establishment 

year \vas increased by irrigation, reduced by a cover crop 

and unaltered by lucerne seeding rate. During the ear ly 

months lucerne dry matter y ld was higher with increased 

seeding.rate but at the harvest cut and later cuts production , 

was the same from all seed rates. Yields from the three 

cuts in the establishment year are given in Table 14. 



TABLE 14 Lucerne dry matter production (kg/ha) from 

three cuts in the establishment year, from 

different cover crop and lucerne seeding 

rates and irrigation treatments. 

Treatment Harvest 1 st pro- 2nd pro- Total 
cut duct ion duct ion 

Gut cut 
25 ~ L 72 14.3 .. 72 9.5072 

2160 bAB * BOlO 2890 cB 1900 bA 6950 

B1 I O 460 cO 1660 dO 1420 cB 3540 

B2 I O 240 cO 1350 dO 1190 dB 2780 

BOI1 5840 aA 5190 aA 2900 aA 13930 

B1 Ii 2880 bAB 4740 aA 2780 aA 10400 

B2I1 1690 bB 4000 .bAB 2560 aA 8250 

L1 I O 900 a 1890 a 1500 a 4290 

10 1080 a 2170 a 1730 a 4980 

L3I O 880 a 1850 a 1300 a 4020 

L1I1 3160.a 4580 a 2790 a 10520 

L2I1 3500 a 4530 a 2700 a 10730 

L3I 1 3760 a 4820 a 2750 a 11330 

OV 8 .. 76 3.96 3.54 

*' test on log. transformed data Duncanfs 

A birley cover crop markedly reduced lucerne yield 

with barley sown at the higher rate tending to reduce 

lucerne yields more than barley sown at the lower rate. 

Irrigation increased lucerne yield, the effect increasing 

55. 

with barley seeding rate and decreasing with time. Irrigation 

increased clear seeded lucerne production by 170% at the 

harvest cut but increased undersown lucerne by 526% and 604% 

at barley seeding rates of 56 kg/ha and 112 kg/ha respect

iv'ely 0 The carryover effect of barley on lucerne Yiftli9- was 
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reduced by irrigat as the yield of lucerne sown under 

barley at 56 kg/ha equalled that of clear seeded lucerne at 

the fi.rst produotion cut irrigated but was still reduced at 

the second production cut non-irrigated. 

Lucerne root depth and total root weight in the first 

twelve months were unaltered by irrigation but irrigation 

tended to result in more roots of a greater diameter at 

shallower depths (Table 15). The distribution of roots 

appeared to follow a similar pattern to that reported by 

Lobb (1967) a more mature stand. 

A production cut taken 13 months after sovling showed 

no significant effects from any treatments (Table 16). 

TABLE 15 , Distribution by weight of lucerne roots from . 
irrigated ,and non-irrigated treatments. 

--
Depth 

( em) 
Lucerne root distribution ( %) 

Irrigated Non-irrigated Total 
Diameter (mm) Diameter ( mIll) 

11 10 t:::- 1-5 <1 >5 1-5 '<1 :J 

OL10 43.01 7,,13 5.12 29" 78 9 .. 90 3 .. 82 55.26 43.50 , 

10-20 7.35 9 .. 98 5.88 1.51 17.30 3.46 23 .. 21 22 .. 27 
20":-30 O. 30 4 .. 48 4. 1 0 1. 07 9.53 4.31 8 .. 88 14.91 
30-40 2.37 3 .. 29 3 .. 96 2.,6 5 .. 66 6 .. 32 
40-50 0.60 1075 2.58 2.34 2. 4.92 
50·~60 0.27 1 .59 1..69 1.91 1.85 3.60 
60-70 0,13 1.20 0 •. 52 1.69 1..33 2 .. 21 
70-·80 0.17 0.67 0.17 1.29 0.84 1..46 
80-90 0.61 0.09 0.72 0.61 0.81 

Total 50.66 25 .. 13 24.21 32.36 45.7421.90 



TABLE 16 

Treatment 

~. 

BO 
B1 
B2 

L1 
L2 
L, 

CV 

Lucerne dry matter production from one cut in 

the year following establishment, from diff7 

erent lucerne and cover crop seeding rate 

treatments. 

Luoerne production (kg!ha) 
Cut 8.11 .. 72 

6607 a 
6659) a 
6224 a 

6467 a 
6570 a 
6452 a 

9.13 

4.6 BARLEY GROWTH 
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Barley dry matter produotion showed a trend, decreasing 

time? towards increasing production from a higher seed 

rate. With irrigatio~ production was higher initially but 

tended to be lower at the third sampling" Barley with under-

sown lUcerne yielded as much as barley without lucerne at the 

early stages, but later tended to yield less (Table 17). 

Barley tiller numbers, apart from showing no Significant 

response to irrigation initially, followed a similar pattern 

to that of dry matter production (Table 18). Barley leaf 

area (lamina only) was highly significantly correlated with 

** ** total dry weight at each sampling (r = 0.955 ,0.917 , 

** 00957 df 15) and thus any treatment which had higher total 

barley dry matter production had higher leaf area and conse~ 

quently shaded the undersown lUcerne more. Barley ight 

increased significantly with irrigation (Table 19). 



TABLE 17 

Treatment 

10 

Ii 

B1 

B2 

LOBi 
L1B1 
L2B1 

L3B1 
LOB2 
L1B2 

12B2 

L3B2 

cv 

58. 

Dry matter production of Zephyr barley from 

different barley and undersown lUcerne seeding 

rate and irrigation treatments at three 

Elampling dates. 

Dry weight of barley (g/400 

Date of sampling 
22.11.71 13.12.71 

11 .6 B 

17.6 A 

12.7 b 
16.5 a 

13.7 

13.3 
11.0 

13.0 

16.9 

18.4 
19.0 

1106 

N.S. 

41.07 

34.2 a 
41.8 a 

34.0 a 
42.0 a 

35.1 
24.2 
38.3 
38.5 
41.0 
48.8 

42.2 

37.0 
N. S. 

47.55 

) 

27.12.71 

47.0 a 
40.6 a 

41.6 a 

46.1 a 

56.7 
36.2 

41.3 
32.0 

54.8 
44.4 
42.9 
42.2 
N.S. 

12.10 

Barley leaves became yellow in December and a dissec-

t..10l1 .' f leaves and measurement of their area, showed that 

the yellowing tended to increase with irrigation. The per-

centage of the barley leaf area which showed this symptom 

was 70% and 87% in non~irrigated and irrigated treatments 

respectively. After a foliar application of a complete 

fertiliser the condition was alleviated but this improvement 

may have occurred independan.tly. 



TABLE 18 

Treatment 

T production of Zephyrbarley from 

different barley and undersown lUcerne 

seeding rate and irrigation treatments 

at three sampling dates. 

Number of barley tillers (per 

Date of sampling 

) 

22.1L71 13 .. 12.71 27.12 .. 71 
~--' 

10 39 .. 5 a 42.5 a 41.8 a 

11 50.2 a 45,,3 a 36 .. 7 a 

B1 42.6 b 38.7 a 35.3 a 

B2 52 <> 1 a 49,0 a 43 .. 1 a 

LOB1 46.6 39.4 45.5 ab 

L1B1 .38.5 29 .. 9 31.7 b 

L2B1 46 .. 1 42.9 36.6 ab 

1 39.1 42.9 27.4 b 

LOB2 52.1 54 •. 2 54.0 a 

L1B2 57.0 54.4 41.4 ab 

L2B2 57.5 45.2 36.6 ab 

L3B3 41.7 42.4 40.6 ab 
S . :inter" N.S. N.S <> N.S. 

cv 34.07 52 .. 91 
__ 11 __ 1-

4.7 BARLEY POPULATION 

Counts of barley plants three weeks after drilling 

showed that the percentage establishment increased with 

higher seeding rates and with irrigation, but was not 

affected by lmdersown lucerne (Table 20). 

Barley t counts, made just before ear emergence, 

showed that with double the seeding rate tiller numbers 

increased by only 37%. 



TABLE 19 

Treatment 

Height Zephyr barley from different barley 

and under sown seeding rate and 

i.rrigation treatments" 

Barley ight (em) 
Cut 27 .. 12 .. 71 

60. 

---------------------------------------------------------

cv 

Treat.me 

63 .. 3 l3 
73.7 A 

68.1 a 

68.9 a 

68,,9 a 
68.8 a 
69.3 a 
66 .. 9 a 

10 .. 65 

Bar].ey plant numbers, establishment rate, tiller 

numbers and tillers per plant from different 

barley and lucerne seeding rate and irrigation 

treatments. 

% Estab- Tillers Tillers/ 
15.10.71 lishment 2. 12 " 1 plant * 

~""'=~_. ~" ........ , .. _. _~"''W'WW 

B1 75 B 65 b 538 B 7 .. 4 A 

B2 168 A 73 a 712 A 4.4 B 

10 116 B 64 b 630 a 6,,5 A 

11 132 A 73 a 621 a 5.3 B 

LO 119 a 66 a 670 a 6.4 a 

L1 120 a 67 a 658 a 6 .. 2 a 

L2 125 a 69 a 604 a 5.8 a 

L3 129 a 72 a 583 a 5.0 a 

CV- 18" 13 19.19 19.55 2.75 
=C>=~ .. __ .~=""." .. ", 

* Tillers at 2.12.71 per plant present at 15.10 .. 71 
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Thus with increasing numbers of plants per unit area 

tillers per plant decreased, the number of tillers per unit 

area be unaltered. With undersown lucerne~ tiller 

per unit area tended to be lower with increasing 

see rate~ due to a lower number of tillers per plant .. 

4 0 8 BARLEY YIELD 

When barley seeding rate was half the normal rate 

grain yield was substantially (32%) lower (Table 21). 

TABLE 21 Barley grain and nitrogen yield, from different 

barley and undersown lucerne seeding rate and 

irrigation treatments. 

Treatment Grain yield Grain N .. Grain N. 
yield 

(kg/ha) (%) (kg/ha) 

B. 2580 B 1 .85 a 4709 B 
I 

3770 A 1.81 a 67 .. 8 A 

10 3015 B 2 .. 05 A 61 .. 6 A 

Ii 3340 A 1 .. 61 B 5401 B 

LOBi 3040 cB 1.89 a 57" 1 b 

L'I B 1 2340 de 1 ~ 90 a 44.0 c 

1J2B 1 2450 de 1 .79 a 44.0 c 

1;')£1 2520 dBC 1.86 a 46 .. 7 c 

LOB2 3750 abA 1 .87 a 69.5 a 

11 3920 aA 1 .. 80 a 69 .. 8 a 

12B2 3920 aA 1 .. 76 a 69.1 a 

L3B2 3480 bAB 1079 a 62 .. 7 a 

S . ;inter . ** N.S. N.S. 

cv 12 .. 55 5.76 14.54 



Irrj-gation~ in a season of substantial soil moisture 

defic s, increased barley grain yield by only 11%. The 

!lleaf yellows" whi waS increased with irrigat ~ may have 

contributed to this low response to water. 

Where undersown lucerne was present there was a s 

nificant lucerne rate x barley rate interactionQ Barley 

yield the low barley seeding rate was lower with 

all lucerne rates. At the high seeding rate yield was 

lower with the high lUcerne rate only .. The number of 

tile tillers was the component of yield which altered most 

(r fertile t ** er n.umOer and yield was 0.76 , I' 1000 grain 

weight and yield 0.12 N•S ., r number of grains I' ear and 

yield O~ 17N. So ). Tiller numbers per unit area did not 

increase with irrigation but more tillers survived. 

lmdersowl1 lucerne tiller survival tended to be lower. 

With 

The nitrogen content of the grain did not change with 

barley seeding rate but total nitrogen yield increased at 

the seeding rate (Table 21). With irrigation, grain 

nitrogen was lower and although grain yield was higher, 

t nitrogen yield was lower. Barley grain nitrogen 

percentage was unaltered by .undersown lucerne .. Grain nitro-

yie Id on the. other hand was redu.ced by lu.cerne when 

barley was sown at a low rate. 

straw Yield ~ 

With increa~ing barley seeding rate straw yield 

creased. Grain incre relatively more than straw, and 

grain/straw ratio increased from 0$80 to 0.90 when the 

seeding e doubled (Table 22). With irrigation, straw 

yiel.d increased to the same extent as grain yield, and the 

grain/straw ratio remained unaltered" Undersown lucerne 



had no significant effect on straw yield and the grain/straw 

io tended to be lower suggesting that the straw was 

ss than the grain. This was contrary to results 

quot by Charles (1958) which suggested that the straw 

was reduced to a greater extent than the grain yield 

by competition with the undersown legume. 

TABLE Barley straw yield and grain/straw ratio, from 

rent barley and undersown lucerne seeding 

and irrigation treatments. 

Treatment; straw yield 
( kg/ha) 

Grain/straw ratio 

B1 

B2 

10 
Ii 

LO 
L'l 

L2 

L3 

CV 

3244 B 

4190 A 

3497 b 

3937 a 

64 a 

3685 a 

3858 a 

3561 a 

16.28 

~~",.~.=------------------------------

4.9 WEED GROWTH 

0 .. 80 B 

0.90 A 

0 .. 86 a 

0,,85 a 

0.90 a 
0~84 a 

0.83 a 

0,,83 a 

10.41 

The major weeds present were storksbill (Erodium 

q!rcu~arium and ~. mgsqhatum) and fathen ( __ -=~~ __ = album) 

although a trace of the following were also present: Rumex 

~? T. 12.ratense, and 

Weed grmvth was lower und'er the barley cover crop and 

lower with the higher barley seeding rate w 



we growth decrease~ except at.the high barley seeding 

rate when irrigation had no significant effect (Table 23). 

Similarly, increasing the lucerne seeding rate had no 

effect on weed yield at the high barley seeding rate. 

Inexplicably when barley was absent the intermediate 

lucerne rate gave the highest weed yieldo Weed growth 

decreased with increased combined dry weight of the 

lUcerne and barley.. With irrigation, although weed growth 

was lowery declined less with increasing production of 

barley and lucerne than without irrigation (Fig. 7). 

Weed growth after the harvest cut was negligible .. 

TABLE 23 

Treatment 

Dry matter production of weeds (kg/ha), from 

different barley and undersown lucerne 

seeding rate and irrigation treatments. 

Barley seeding rate (kg/ha) 

0 56 112 

Mean 

=""""f'~.'-" ==".== __ .-.--"" 

10 2630 aA 987 bcBC 284 dD '/300 A 

11 1362 bB 746 cdBCD 445 dOD 851 B 

L 1 '1814 bB 1332 cC 343 eD 1163 a 

L2 2648 aA 624 dD 322 eD 1198 a 

1'3 1527 cBC 642 dD 428 deD 865 a 

Mean 1966 A 866 B 364 C 

cv 58.69 
=-=--<"_~ mr---
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CHAPTER 5 

:r.'lETHODS TRIAL II 

5.1 INTRODUCTION 

Trial I showed that a cover crop of spring sown barley 

had no e ct on lucerne establishment, so a trial to test 

more severe competitors was conducted. The literature 

suggests that tall cultivars and cover crops sown earlier 

than the undersown legume both increase interspecific com

petition so a tall barley cultivar (Research) and a tall 

leafy wheat cultivar (Arawa) were chosen, with the barley 

being spring sown and the wheat winter sown. To test 

further the effect of undersown lucerne on a cover crop, 

a wider range of lucerne and cover crop seeding rates 

was used. 

5 .2 TREAT lYffil NT S 

The exper.iroent was a randomized block design with 

fourteen main plot treatments, four subplot treatments and 

three repli The treatments being as follows: 

Main Plot Treatments: 

No cover crop (BO) plus herbicide (BOS) 

Barley 56 kg/ha (B 1 ) 
II It (B 1S) 

Barley 112 " (B2 ) " II (B2S) 

Barley 224 " (B3) n Ii (B3S) 

Wheat 56 " (w 1 ) plus grazing (W 1G) 

Wheat '112 Ii ( W2) II It (W2G) 

\I/heat 224 f$ (W3) •• " (W3G) 
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Sub Plot Treatments: 

No lucerne (LO) (0 viable seed/m2) 

Lucerne 2.25 kg/ha (L 1 ) (89 " 11 ) 

Lucerne 9,,0 Ii (L2 ) ( 355 " II ) 

Lucerne 36.0 it (13) ( 1420 to II ) 

The "grazed II wheat'" plots were mowed (2.10" 72 ) with 

a sickle bal' mower to 5 7.5 cm when the wheat was 22-24 cm 

high9 to simulate grazing and create an improved light 

environment for lucerne establishment 9 The barley plus 

herbicide plots Were sprayed with 24 DeB. at the rate of 

1.1 kg/ha active ingredient when the lucerne was at the 

unifoliate leaf stage (10.11.72). 

5.3 METHODS 

Trial II was conducted on the same soil type as Trial 

I (ph 5.6, Oa 6, K 9, P (Olsen) 78) and was drilled into an 

area owed after a sunflower crop" Wheat (cv Arawa) 

was drilled with a cone seeding on ploughing the winter 

(22,,6.72) without fertilizer. In the spring (22.9.72) the 

whole t:rial, including the wheat plots ~ was harrowed and 

rolled to prepar'e a seedbed for lUcerne. The barley (cv 

Research) was drilled, the trial again rolled and the 

lucerne subplots drilled with a cone seeder across the 

main plots with no fertil er being applied. Each plot 

was 3.2 x 8.8 m and contained 20 rows at 17 cm spacings and 

subplots were 1.9 x 3.2 m and contained 12 rows at 17 em 

spacings with 0.4 m buffers between main plots and sub~ 

plots. 
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Soil moisture was determined at 7 - 10 day intervals 

from 9011 .. 72 unt harvest (5.2~73) by taking a core sample 

to "5 em depth from the intermediate lucerne seed rate sub

plot (L2) within each main plot treatment of all repli

cates. The water potent in the lucerne seedlings was 

measured (1801.73) by taking three plants at random from 

the intermediate lucerne seeding rate subplots and sub-

jecting them to the pressure bomb technique. Light trans-

mission was measured with a standard light meter (1:30 

reduction) on four occasions (12.12 .. 72, 27.12.72,8.1.73 

and 19.1.73). Readings were taken on cloudless days 

between 10000 a.In" and 1 p.m. in the no lucerne (LO) sub

plots ,·Ti th ten ground level readings at random and one 

reading above the crop being recorded. The temperature 

at 1 cm below the soil surface was recorded at mid-day on 

a cloudless day (21.11.72) with five readings from each 

main plot two replicates. 

Lucerne plants were counted at the first trifoliate 

leaf stage (30. 10.72) and after harvest the cover crops 

(28.2.73)9 with four complete rows chosen at random being 

co eel. After the second count 0.5 m of row per sub-

plot WaS dUg, the plants counted and dried, the tops 

removed and weighed and the roots weighed individually. 

Wheat plants were counted on 5.9072, total tillers on 

20.11.72 and fertile tillers on 10.1.73 .. Similarly, 

barley plants Were counted on 20.10.72~ total tillers at 

the shot leaf stage (29.11.72) and fertile tillers on 

Samples consisted of 0.5 m lengths of rows from 

four rows chosen at random. wheat plots suffered 



severe damage from birds, barley yellow dwarf virus and 

(§.;r'gentine stem weevil (Hyperodes bonarcensis Kushel) so 

broken and virus damaged tillers were also counted. 

Lucerne height was mea~;mred on three occasi,ons 

(30.11.72, 28.12.72, 15.1.73), with five plants being 

selected at random in each subplot and the tallest shoot 

on each being measured. 

All plots were harvested with a sickle bar mower 

(24-26.1.73) but because of the lack of growth of the 

undersown lucerne, lucerne production could not be meas

ured in the undersown treatments. The clear seeded lucerne 

plots were cut, weighed and a sample dissected and oven 

dried. Wheat and barley sheaves were weighed and threshed 

while a sample of straw was dried for dry matter determina

tion. The grain was oven dried, weighed and a sample used 

for 1000 grain weight determination and nitrogen analysis. 

A sample of heads from each subplot was hand threshed for 

gra:Ln/head determination. 

All plots were cut four times in the year following. 

establishment (17.10.73y 27.11.73, 11.1.74, 5.3,,74) with 

a forage harvester" At all cuts a sample was cut by hand 

for dry matter determination and herbage analysis was 

done on the first cut only as weed growth was negligible 

at subsequent cuts. 

5.5 STATISTICAL ANALYSIS 

The analysis was the same as in Trial I and only the 

frequency distribution of seedling lucerne root weight was 

not analysed" In order to compare the skewness of sev-

distributions the sample has to be large enough for 
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the skewness coefficient (Jb1) to be normally distributed 

but the samples used were ei,ther too 

(kurt osis coe ) were outside the range requirements 

(Bowman and Shenton, 1973) 0 
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CHAPTER 6 

RESULTS TRIAL II 

601 THE SEASON 

Climatic data are given in Table 24~ The 1972/73 

to that of the previous yearv being 

substantially drier. than normal .. 

TABLE 24 * Climatological observations 1972/73 .. 

Month Rainfall Deviation Evaporation Cumulative 
from 88 Pan A deficit 

(mm) yr mean (rom) 

Septo1972 12 -35 113 
Oct .. 74 +29 119 

Nov" 17 ~35 154 
Deco 44 -14 152 
Jan, 1973 29 -26 212 

Feb. 31 6 180 

Mar .. 37 =21 1141-
Apr" 16 ~·37 78 

~)60 55 i 122 
~""""""""""""""~:'""'"~--"""'''"'''~'''''':>''''''-''''''---=. -

*' Recorded at Lincoln College 4 km south of 
trial site 

** Calculated from data (cumul.ative deficit = 
rainfall - (Pan A evaporat ion x 0" 7 »0 

(mm) 

-67 
-76 
166 

-228 
~347 

-442 
-484 

23 

-523 
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6.2 SOIL MOISTURE 

Init there were large differences in soil mois-

turesbetween crops. Winter wheat plots were drier than 

spring barley plots which turn were considerably drier 

than the clear seeded lucerne plots (Fig. 8)0 With in-

creasing seeding rate of barley or wheat the soil moisture 

percentage tended to decrease~ As growth continued p the 

soil moisture differences decreased until the cereals 

matured when clear seeded plots became drier than the 

cereals .. At this time, when the soil in the clear seeded 

lucerne plots was significantly drier than the cover crop 

plots, a measurement of lucerne stem water potential showed 

no significant differences between treatments. 

6.3 LIGHT TRANSMISSION 

Initially light transmission readings at ground level 

showed that wheat and barley caused considerably more 

shading than the weeds they replaced (Fig. 9). Wheat 

offered less shade, especially when H edit, than barley. 

The barley shading, which was unaltered by a herbicide, 

J_tt maximum light transmission on a clear day with 

the sun high the sky ~ of only 100· 'III m2 in mid 

December. 

Light transmission was first measured in mid December 

when light interception by the cereals was probably at its 

greatest. The weeds in the sprayed plots (Lolium ~~~~ 

~_~~~~ £eEeU§) and in the unsprayed plots (mainly 

§:J.bUlIl) continued to grow and decrease the 

light transmission to the ground, w4ile the cereals 
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increased in height and decreased in leaf area and offered 

less and ss shade. Prior to harvest unsprayed weeds 

caused as much shade as barley, with both casting more 

shade than wheat 0 As the cover crop seeding rate in-

creased, light transmission tended to become ss. The 

presence of a cover crop reduced the soil temperature at 

I em depthQ On 21.11" 72 soil temperature was 1 .5 0 C less· 

under wheat and barley than under clear seeded lucerne. 

6,,4 LUCERNE ESTABLISH~NT 

Initial plrult establishment (five weeks after sow ) 

was highly density dependent (Table 25) as germination or 

survival decreased markedly with increasing lucerne seeding 

rate. Competition between the cover crops and the lucerne 

however 1 did not effect initial plant establishment. 

With time plant numbers declined with no significant 

differences between treatments (Table 26). There was 

however y a non~~significant trend towards higher mortality 

in the clear seeded treatments than under the cover crops. 

Thus the lli!dersown plants, making limited growth, exerted 

little competition on their neighbours and the clear 

888 plants on the other hand~ making ten times more 

growth y exerted competition on their neighbours. This is 

comparable to the result obtained by Carmer and Jacobs 

(1963) who showed that there was less competition among 

plants within rows when adverse conditions followed sowing 

than when the environment was more favourable. 



TABLE 25 

Treatment 

L1 

12 
13 

cv 

Clear seeded 
Barley 
Wheat 

CV 

'* 

Lucerne plants/m2 and percent of viable 

seeds 

se 

plants, from different lucerne 

rate and cover crop treatments. 

Numbers of lucerne plants 
five weeks after sowing 

Plants % of viable 

39.7 C 44 .. 7 A 

129 .. 3 B 36 .. 4 B 
350.8 A 24 .. 7 C 

41 .. 56 20.,35 

180 .. 3 a 34.1 a 
169.0 a 31,9 a 
175.2 a 33.1 a 
33.33 13.10 

seed 

76. 

sown 

Duncan's test on arc transformed data 

TABLE 26 

Treatment 

Clear seeded 
Barley 
Wheat 

CV 

'* 

Lucerne plants/m2 post harvest (2 

different lucerne seeding rate and cover crop 

treatments. 

Plant % of initial plants 

32~5 C 82 a 

120 .. 3 B 93 a 
322.2 A 92 a 

5 .. 56 35.18 

149 .. 6 a 83 a 
158.3 a 93 a 
161.2 a 92 a 

4066 39.43 

Duncan i s te on arcsine transformed data 
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6 .. 5 INITIAL LUCERNE GROWTH 

harve 

Lucerne under the cover crops grew little before 

(Plates 2, 3 and 4), or following harvest and plants 

were s ~stemmed and small. The height of lucerne plants 

selected at random was used as an index of growthv 

Lucerne height increased with increasing lucerne seed-

ing rate 1 the e ct becoming less with time (Table 27). 

TABLE 27 The height of the tallest shoot of seedling 

lucerne, from different lucerne and COVer 

crop seed rate treatments at three 

sampling dat .. 

Treatment LUcerne height (cm) 

Date of sampling 
30" 11 ~ 72 28.12.72 15. 1 .73 

L1 8.0 C 14 .. 9 b 14.8 a 

12 9.5 B 15.5 ab 16.5 a 

]~3 10 .. 2 A 1607 a 16.5 a 
OV 9.65 18.28 18.59 

BO 20.1 aA 33.8 aA 3'L3 aA 

B1 14.8 bB 22 .. 5 bB 21.0 bB 

B2 9.9 cC 14.7 cO 15.1 beBC 

B3 7» 1 db 12 .. 3 dO 12.4 bcBC 
vJ 1 6.2 dD 1L2 dCD 11.7 eBC 

W2 3 .. 8 eE 8.3 eDE 8.0 eC 

W3 2.6 fE 7 .. 1 eE 6.3 cO 

CV 16,,87 24.34 20.26 

Under the cover crops lucerne was much shorter thl;l.U on clear 

seeded plots and this difference tended to increase with time. 

ially with barley, lucerne height was 53% of the clear 

seeded treatments and with wheat 21%, but clear seeded 



PLATE 2 Clear seeded lucerne (15.1.7 3). 
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PLATE 3 LUcerne beneath a wheat cover crop (15.1.73). 

PLATE 4 Lucerne beneath a barley cover crop (15.1.73). 
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lucerne continued to grow while the undersown lucerne almost 

ceased growing betwe~n the second and third sampling. The 

final he ight of the lucerne ore harve st, which was corre-

lated with dry matter (r 0.7995*** df 41) and soil 

moisturE? (Table 28) was not correlated with light trans-

mission.. Simulated grazing of the wheat or a herbicide 

on the barley had no effect on lucerne height. 

TABLE 28 

Dates of soil 
moisture 

measurements 

Correlation coefficient between lucerne 

height and soil moisture content. 

Correlation coefficient (r) 
(df = 13) 

Date of lucerne height measurement 
30 • 11 • 72 28. 12. 72 15.1 " 73 

** ** ** 150 11 072 .9462 .9783 .9271 
** ** ** 22 .. 1L72 .9354 .9542 .9165 
** ** .6297 * 29.11 .. 72 .9022 .8728 

** 12.12.72 .7028 .3747 NS 
* 19.12.72 .. 5820 .5134 NS 
* * 27 . 12" 72 .5968 .5838 

3. 1 " 73 .4488 NS 
10.1.73 .5562 * 

6.6 LUCERNE YIELD IN THE ESTABLISHMENT YEAR 

The effect of cover crops on lucerne top growth could 

not be measured because growth was very limited, however 

lucerne height data and root growth data (Table 30) showed 

that Gover crops reduced lUcerne growth increasingly with 

increasing seeding rate and that Wheat was more depressive 

than barley" 



TABLE 29 

atment 

Unsprayed 
Sprayed 

TABLE 30 

Treatment 

L1 

L2 
L3 
cv 

81.. 

Dry matter produotion of clear seeded lUcerne 

and weeds, from different lucerne seeding 

rate and herbicide treatments. 

Dry matter production (kg/ha) 

"Harvest" out 25.1.73 
Luoerne Weeds Tot 

1115 B 
1723 A 

1169 a 

1422 a 
1666 a 

33.38 

3655 A 
867 B 

2782 a 
2541 a 
1847 b 
1875 b 

23.60 

4770 A 
2590 B 

2782 a 
3710 a 
3269 ab . 
3541 a 

16.08 

Root dry matter production of seedling 

lucerne, from different lucerne seeding 

rate, herbicide and cover 

Lucerne root weight 
(kg/ha) 

249 cB 

398 bAB 
564 aA 

83.53 

treatments. 

Relati ve yields 

100 

159 
226 

Clear seeded unsprayed 1725 bE 

1 100 It sprayed 2513 aA 

ex barley unsprayed 140 cC 
~ " ,I sprayed 137 cO 

ex. wheat unsprayed 99 cC 
~ It .. grazed 95 cO 

4.6 

CV 43&11 
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Production from clear seeded lucerne was low, relative 

to the previous trial~ and showed that spite of a tenfold 

increase in lucerne plants there was a non-significant 

crease of 42% in dry matter production at the high seeding 

rate compared with the low rate. At the intermediate and 

high seeding rates weed growth was 39% less than at the 

low rate (Table 29). The application of a herbicide reduced 

weed yields by 76% and increased lucerne yields by 50% (608 

kg!ha) vdth the total yield being 56% less from the sprayed 

plots but the proportion of lucerne in the tot being con

siderably higher. The weed population generally was only 

moderate and in the presence of a cover crop was less than 

5% of the total yield, even when herbicides were not used, 

although no measureme~t of this was possible. Due to only 

limited growth (Plate 5) no further cuts were taken in the 

establishment season. 

The quency distribution of lucerne root weight 

tended to show increasing positive skewness (a large ntmber 

of small individuals mixed with a relatively few large 

individuals) with increasing lucerne density (Table 31~ 

Fig. 1 0) 0 A cover crop of wheat tended to skew the dis-

tr t rnoY'e than barley. If skewness was taken as a 

measure of the total competitive stresses on individual 

plants~ the ast stressed were clear seeded at a low rate 

and the most stressed were plants sown under wheat at the 

high lucerne seeding rate. 
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LATE 5 Lucerne plants one month after cover 

crop removal ; left to right 

clear seeded, ex barley, ex wheat. 
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TABLE 31 Skewness and kurtosis of frequency distribution 

of seedling lucerne root weight, from different 

seeding rate and cover crop treatments .. 

Cover crop Luoerne Sample Skewness Kurtosis 
seeding rate size 

(kg/ha) ( n) ( fb1) ( f32) 

Clear 
seeded 2 30 0.23 1. 78 

9 114 1,,83 7.04 
36 214 L83 7.89 

All rates 358 1.96 7.48 

Barley 2 70 0.83 3.04 
9 237 1.69 5.47 

36 595 2.18. 8.79 
All rates 902 1.83 6.76 

Wheat 2 80 1.74 5.99 
9 194 2.04 7@77 

36 704 2.69 12,,99 
All rates 978 2.70 12 .. 67 

All crops 2 180 1 .. 47 4,,62 
9 545 1.84 6.46 

36 1513 2.39 10.58 

6.7 LUCERNE YIELD IN THE YEAR FOLLOWING ESTABLISHMENT 

Production cuts taken at six weekly intervals in the 

season following establishment showed that oover crops of 

wheat and barley continued to influence lUcerne and weed 

growth .. Cover crops reduced lucerne yield by 34%, 20%; 

15% and 20% at the first, second 1 third and fourth cuts 

respectively (Tables 32 and 33) and wheat continued to have 

more effect on lucerne than barley. LUoerne production 

a 2~25 kg/ha seeding rate was below that from a 9.0 

kg/ha rate first two cuts only. 
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TABLE 32 Dry matter production of lucerne and weeds 

in first cut of the season following estab-

shment, from different lucerne' and cover 

crop seeding rate treatments. 

TreatmE;lnt Dry matter produption (kg/ha) (17.10.73) 

Lucerne Weeds Total 

LO 3530 aA 3530 cB 

L1 2860 bB 1360 bB 4230 bA 

L2 3500 aA 900 cC 4400 abA 
L7-

:J 
3710 aA 780 cC 4500 aA 

CV 18 .. 04 34.10 16.06 

Clear seeded 4740 aA 1250 bB 5990 aA 
Barley 56 kg/ha 3460 bB 1570 aAB . 5030 bB 

1 '12 " 3150 bcBC 1600 aAB 4750 bcB 
224 " 3160 bcBC 1860 aA 5020 bB 

Wheat 56 kg/ha 3090 bcBC 1820 aA 4910 bB 
112 It 3180 bcBC 1770 aA 4950 bB 
224 " 2730 cC 1640 aAB 4370 cB 

CV 19.98 28,02 1 L91 
~?- ""'W'~ ~_II¢IJ:I~:Ii 

Significant weed growth was present only in the first 

cut and this was influenced by cover crops and lUcerne. 

Cover crops increased the growth of weeds by 37% while 

the presence of lucerne decreased weed growth (Table 32). 

6 .. 8 CEREAL POPULATIONS 

Barley plant establishment was proportional to seeding 

rate~ except at the high rate where establishment was lowere 

A total tiller count at the shot stage showed barley 

sown the low rate produced an increased number of tillers 

per to give the same number of tillers per area 

as at sowing 



33 Dry matter production lucerne in the second, third and fourth 

cut of the season following establishment from different lucerne 

and cover crop seeding rate treatments. 

Treatment Lucerne dry matter production (kg!ha) 

27 .. 11 .. 73 11,,1 .. 74 5 .. 3. 

L1 2880 hB 3680 aA 2850 abA 
3600 aA 3610 aA 2890 aA 

L3 3860 -aA 3500 aA 2700 bA 
cv 16 .. 94 15 .. 65 12,,62 

seeded 60aA 4 aA 3390 aA 
Barley 56 kg/ha 3650 bB 3880 abAB 3040 bAB 

12 " 3320 bedBC 3500 bcBCD 2860 bcBC 

224 " 3400 bcBC 3650 bcilC 2710 cdB.CD 
Wheat 56 kg/ha 3380 bcdBC 3690 bABC 2840 bc~C 

112 II 3200 cdBC 3240 cdCD 2510 deCD 
224 It 3010 dC 3060 dD 2320 eD 

CV 13.79 14.49 15 ... 24 

T 

12270 bB 
13600 aA 
13760 aA 

9 .. 50 

16440 aA 
14030 bB 
12840 

12910 cBC 
13010 cBC 
12140 cCD 
11120 

10.69 

OJ 
-.;J 
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Although the number of fertile tillers was significantly 

different and the number of tillers on 29.11.72 was not, 

percentage surviv~l was the same at all $eeding rates (Table 

34). Barley populations, grain yield and straw yield were 

unaffected by the herbicide or the undersown lucerne. 

Wheat plant establish~ent, as with barley, was pro

portional to seeding rate except at the high rate. A 

tiller count at ear emergence showed that wheat did not tiller 

as much as barley so that numbers of plants, tillers and fer

tile tillers per unit area all increased with increasing 
I 

seeding rate. Gra~ing or undersowing with lucerne did not 

effect numbers of plants or tillers, but the number of fer-

tile tillers showed a significant grazing x lucerne seeding 

rate interaction (Table ). The number of fertile tillers 

of " edit wheat,was higher at lqw and intermediate seeding 

rates of lucerne but with "ungrazedtO wheat there was no such 

effect. 

TABLE 35 Number of fertile tillers/m2 of grazed ~d 

ungra.zed wheat~om different lucerne 

seeding rate treatments. 

Lucerne seeding 
rate (kg/ha.) 

Number of fertile tillers 

o 
2~2 

9.0 
36.0 

CV 

Gra~ed 

228 b 
278 a 
279 a 
223 b 

Ungrazed 

257 ab 
232 ab 

··237 ab 
256 ab 

18.30 



Barley 

Wheat 

CV 

Number of plants, tillers and fertile tillers, yields and the components 

of yield different barley and wheat seeding rate 'treatments. 

Seeding rate s/m2 

(kg/ha), 

56 
112 
224 

56 
112 
224 

Date! 20.10 .. 72 

. . 

102 C 
217 B 

359 A 

15.68 

5.9.72 

73 C 

136 13 

251. A 

19.05 

Tillers/m2 

29.11.72 15 .. 1.73 

704 a 

733 a 
818 a 

21 ,,16 

20 .. 11 " 

302 
368 
468 

19 .. 27 

564 a 
585 b 

664 a 

16,,56 

10 .. i .. 73 

224 bB 
304aAB 

355 aA 

29 .. 53 

Grain 
yield 
kg/ha 

3979 a 
3942 a 

3693 b 

7.67 

1441 C 
1998 13 

2681 A 

23 .. 47 

Grain 
lear 

24 
20 B 

19 B 

16 .. 21 

23 a 
21 a 

20 a 

38.98 

1000 

A 

A 

42 13 

3 .. 16 

41 C 
42 B 

43 A 

4054 

.. 
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6,,9 CEREAL YIELD 

Barley grain yield was lower from a seeding rate above 

112 kg/ha" Although numbers of fertile tillers increased 

with density, grain weight and grain number per ear de

creased and resulted in a 6% decrease in yield at the high 

seed rate. Grain yield was unaffected by the herbicide 

or undersown lucerne. Similarly wheat grain yield was un-

affected by grazing or undersown lucerne but the yield was 

low overall and increased Significantly with increasing 

density. Increasing density decreased grains per ear oon

significantly while grain weight increased Significantly. 

The percentage of nitrogen the barley and wheat grains 

decreased as the density increased, but was unaffected by 

undersown lucerne. 

The barley straw yield/density relationship was sig-

ni cantly parabolic. As the plant density increased, straw 

yield decreased to a greater extent than the grain yield, 

with the grain/$traw ratio increasing nearly linearly with 

denSity (Table 36). Conversely wheat straw yield tended 

to increase with plant density but to a lesser extent than 

grain yield and grain/straw ratio increased with denSity. 

Barley and wheat straw yields were unaffected by under

sown lucerne but wheat straw yield was decrea$ed by 

grazing (Table 37). 

Wheat yields were low because of a number of factors 

including damage by stem weevil and barley yellow dwarf 

virus which was denSity dependent (Table 38). 



_ ... ....,.u-'-" 36 

Crop 

Barley 

.. . Straw yield~ total yield, grain/straw io, grain nitrogen content and 

grain nitrogen yield from different wheat and barley seeding rate treatments. 

Seeding rate Straw Total yield GrairV' Grain N. Grain N .. 
(kg/ha) straw yield 

(kg/ha) (kg/ha) ratio (%) (kg/ha) 

56 4774 aA 8751 0.83 1 .. 92 76 
112 4269 bA 10 aA 0.92 aAB 1 .81 bA 71 
224 3603 cB 7296 bE 1.02 aA 1 .84 bA 68 

1T.11 10.57 3.85 7.09 

56 b 5682cC 0 .. 34cB 2. aA 

112 1 a 6728 bB 0.42 bB. 2.41 bB 48 
224 4798 a 7479 aA 0 .. 55 aA 2.31 cC 62 

12.87 11.07 6 .. 24 3 .. 62 

l..O 
~ 

" 



TABLE 37 

Treatment 

Grazed 
Ungrazed 

CV 

TABLE 38 

.... 
Wheat seeding 

rate 

56 
112 
224 

CV 

Wheat straw yield (kg/ha) and grazing 

treatments. 

straw yield Total yield Grain/straw 
ratio 

4225 ;B 6270 B 0.41 a 

4954 A 6992 A 0.48 a 

12.87 11 ~ 07 6.24 

Wheat seeding rate and the incidence of stem 

weev:i,l and bt;l.rley yellow dwarf virus damage . 

Damaged tillers 

92. 

1-

stem w~evil BYDV 
No/m2 % of No/m2 % of 

tillers tillers 

26.2 aA 13.8 12.7 a 6.7 
15.2 bAB 5.9 11.2 ab 4.4 
11.0 bB 3.7 7.6 b 2.5 

71.80 54.97 

Although Way and Heathcote (1966) concluded otherwise, 

it is reasonable to suggest that the number of weevils and 

aphids per unit area was independent of plant density, and 

that the number of insects per plant was greatly increased 

at the low plant denSity. Smith (1967) has shown that the 

greater the number of aphids per plant the larger the grain 

yield reduction, particularly if infection occurs at a 

late stag~ •. 



CHAPTER 7 

DISCUSSION 

7.1 COVER CROPS 

In these trials ~stablishing lucerne in spring with 
, '1 

co'V'er crops was successful, :~ though lucerne yields in the 

establishment year were reduced, plant establishment was 

unaffected, and presumably the long term yield of the stand 

was not reduced.. The economic advantages of the use of 

cover crops are probably not as clear as some have suggested 

(Kilcher and Heinrichs, 1960; Peters, 1961; Bolton, 1962; 

JVlart and Leonard, 1967). When lucerne well a cover 

crop was probably profitable at relatively low lucerne forage 

prices but less profitable relative to clear seeded luoerne 

at higher prices. With lower lucerne growth, as occurred 

in Trial II, a cover crop was probably more profitable even 

at re.lati vely high lUcerne forage prices a1 though under these 

conditions there was some carry-o'V'er of the cover orop effect 

into the next season reducing this advantage to some extent. 

Thill:; t.he economic advantages of a cover crop depend; largely 

on the yield and the value of forage neither of which can be 

predicted, at sowing time. The yield and price of the cover 

crop, which fluctuate less, can be more accurately predicted, 

but account for little of the variation in the economic 

assessment of cover crops. 

However, it can be concluded that under average con~ 

ditions prevailing in Canterbury the use of cover crops can 

be justified on the ba:;3is of providing a more profitable 



return in the establishment year. Under exceptionally dry 

conditions the practice may be unsucce$sfulo Exceptionally 

good lucerne grow'th such as that which occurred under irri

gation in Trial I, could offer greater monetary returns 

from clear seeding than from establishing under a cover 

crop. 

The use of cover crops to suppress weeds could not be 

justified from the results of either trial. While the cover 

crop suppressed weeds, t4e IUGerne was suppressed more by the 

cover crop than by 'the weeds which was in agreement with 

Klebesadel and Smith (1959) and Buxton and Wedin (i970a) .. 

Cover crops Trial increased the yield of weeds by 37% 

in a cut taken a year after sowing because lucerne still 

suffering from the after-effects of compet ion from the 

cere cover crop grew less and allowed greater weed growth. 

Lucerne esta1:Jlished under weeds on the other hand, while being 

suppressed initially, in the following spring yielded as much 

as lucerne established with a herbic This further 

supports the view that cover crops generally create more .. 
competition than the weeds they replace .. 

This study showed that winter wheat was more compet

itive with establishing lucerne than spring sown barley. 

Although the wheat crop was thin and cast little shade t 

relative to barley, wheat reduced soil moisture to a lower 

level and tended to suppress lucerne height and root growth 

more. This was in ement with Klebesadel and Smith 

(1959) who found that winter cover crops were stronger com

tit~rs and exerted this competition for longer periods 

than spring crops. Further evidence of the greater 



compet ive ability of winter wheat was obtained from the 

shape of the frequency distribution curve of lucerne root 

weighty Although Koyama and Kira (1956) disagree, skew'

ness may have been a product of compet ive interaction. 

Increasing lucerne density increased intraspecific compe

tition which reduced individual plant root weight and skewed 

the distribution of the root weight. Interspecific compe.-

titian from cover crops superimposed on this further reduced 

individual root weight and increased skewness q Wheat at all 

lucerne seeding rates increased skewness more than barley. 

Earlier trials at Lincoln (Palmer and Wynn-Williams, 

1972) showed no significiant difference between linseed, 

barley or peas when spring sown as cover crops for lucerne. 

At Winchmore, (Janson and Knight 9 1973) where wheat, barley, 

peas and linseed were compared under irrigation and dry land, 

only peas did not significantly reduce lucerne establishment 

when irrigated.. Lucerne establishment without irrigation was 

unaffe ad by any of the crops. They concluded that spring 

sown ~ Sll1lllller harvested crops 'Vlhich offered the least shade 

the shortest period were the most suitable as cover 

crops~ New Zealand results are in general agreement with 

those overseas which concluded that crops which matured 

earlier cast less shade, and u~ed less soil moisture would 

be more successful as cover crops than late maturing, light 

and moisture demanding crops (Briggs and Harrison, 1953; 

sar~ 1957; Kilcher and Heinrichs~ 1960; Klebesadel and 

Smith, 1959) $ The spring sown cash crops tested in New 

Zealand, barley? wheat, linseed, peas and maize can all be 

conSidered as satisfactory situations where cover crops 

generally are considered desirable It can be concluded 



that dry conditions or conditions marginal for any 

other reason, a spring sown cover crop would be more advis

able than a winter sown one. Under irrigation, or on 

deep moisture retentive soils, winter wheat would probably 

be as suitable a cover crop for lucerne establishment as 

spring sown crops$ 

701$3 NlLnagement. 

Reducing the CQver crop seeding rate decreased grain 

yield bU.t had no significant effect on the yield of under

sown lUcerne. Reduc the seeding rate from 112 to 56 

kg/ha reduced the barley yield by 32% in Trial I and the 

wheat yield by 28% in Trial II, but the barley yield in 

Trial was equal at these t,,'lO rates. Decreasing the 

cover crop seeding rate tended to increase soil moisture, 

and light smission, with the result that in Trial I, 

initial growth of lucerne was doubled mainly because stems 

were heavier and in Trial II the lucerne height was nearly 

doubl.ed under the reduced seeding rate ~ Reduced seeding 

rate had no effect on lucerne yield after harvest except in 

Trial II when lucerne which had been sown with wheat at 

224 kg/ha yielded BS than lucerne sown with barley or wheat 

a i~ t other rates. Reducing th,e cover crop seeding rate 

had a er ct on lucerne grm'lth under irrigation 

than dry which was in agreement with the findings of Janson 

and Knight (1973). 

Although reducing the seeding rate lowered the econ

omic yield? and increased. weed growth9 the risk of stand 

failure because of high soil moisture stress and lodging 

were reduced. Under irrigation sUbstantial lucerne growth, 

as that which occurred in Trial Iy may be a problem at 
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grain harvest high cover crop rates would 

reduce this problem. 

Increas cover crop row widths have had similar 

effects on undersown lucerne as reduced COver crop seeding 

ratesQ Wide rows have resulted in increased lucerne 

establishment and growth (Harper, 1946; Pendleton and Dun

gan9 1953; Schaller and Larson, 1955; Tesar, 1957; 

Haynes ~t aI, 1959; Tossell and Fulkerson, 1960)Q This 

effect was probably due to reduced competition for soil 

mOistUre, although Scott and Patterson (1962b) considered 

it to be due to inoreased light transmissiono 

As the effects of increasing row width and reducing 

seed rate are similar and seeding rates are easier altered, 

narrow rows are more commonly used. Kilcher and Heinrichs 

(1960) recommended the use of both reduced seeding rates 

and increased row widths. They also recommended cross 

the cover crop and the under sown species at the 

corre depth for eachq Cross drilling tended to reduce 

competi on to a minimlJIll as ially grain and seed were 

ase proximity only at the intersections of the rOws. 

The time of sowing the legume relative to the cover 

crop been shOlvn to influence establishment and yield. 

As the age of the cover crop at drilling increased, 

establishment and/or yield decreased .. (Pendleton, 1957b; 

Sea and Patterson, 1962a; Bandyopadhyay, 1965; Richert, 

'1972). It has been suggested that delayed sowing of the 

legume may result in less light and so moisture being 

available to the establishing seedling. Winter sown 

wheat reduced lucerne growth more, and the effect continued 

longer than spring sown barley but the ct appeared to be 

due to so moisture stress rather than shading" 



Santhirasegaram and Black (1965) concluded that any 

sowing procedure should be used which tended to increase the 

spatial olation of the crop and undersown s cies - in

creased row width, sowing the undersown species at right 

angles to the crop, or sowing alternate rows of crop and 

pasture seeds. These conclusions are valid provided the 

advantages of reduced competition between the cover crops 

and the undersown speoies are not negated by increased com

petition from weeds or reduced economic yield of the cover 

crop. 

7.2 EFFECT OF COVER CROP 

Lucerne sown under a cover crop is usually reduced 

in ial growth, survival or both. Only Ahlgren at al 

(1951) showed increased establishment of a lucerne-brome

grass mixture from sowing under oats at 68 kg/ha .. 

In both trials lucerne establishment was lmaffected 

by cover crop competition, and irrigation in Trial 

increased the overall e ablishment lucerne whether 

clear se eO. or undersown. Thus in consecutive dry 

seasons two trials which differed markedly in first 

season lucerne growth and percentage establishment showed 

no adverse e cts of a cover crop on seedling survival. 

This was agreement with earlier trials at Lincoln 

(Palmer and Wynn-Williams, 1972) but in contrast to trials 

at lj!inchmore (Janson and Knight, 1973). 

The latter authors showed that under irrigation? 

cover crops of wheat, barley and linseed sown at normal 
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rates significantly reduced lucerne establishment but without 

irrigation or at half normal seeding rates, establishment was 

unaffected by all cover crops. They considered that for any 

one soil type there was an optimum soil moisture for maximum 

lUcerne survival under a cover crop and that b.elow the optimum, 

lUcerne survival decreased due to competition for moisture, 

and above this opt imum v the increased moisture supply increased 

the cover crop growth and lucerne suppression. Although this 

was not their interpretation, their data showed that while the 

absolute level of reduction in lucerne yield caused by the 

cover crop increased '\.illder irrigation, the percentage reduction 

decreased. In the absence of a cover crop, irrigation increased 

lucerne plant size fourfold but under cover crops sixfold and 

thus irrigation, by increasing lUcerne plant size, aggravated 

intraspecific competition which occurred because of the high 

density (360-400 plants/m2 ), causing self thinning when assoc-

iated with interspecifio competition. They assumed that be~ 

cause irrigation reduced lucerne survival y irrigation intensi~ 

fied competition between the cover crop and the lucerne. How~ 

every the reverse was probably tru8 y irrigation reduced compe~ 

tition between the cover crop and lucerne, and because of 

in cr r.:.; as r': d. lucerne growth, intensified competi tion occurred 

between plants. In Trial I irrigation increased lucerne 

growth and plant size but did not reduce survival, because 

the lucerne denSity was lower (100-200 plants/m2 ) than that 

obtained by Janson and Knight. The conclusion can be drawn 

that as soil moisture increased naturally or artificially, a 

cover crop has decreasing effects on lucerne survival and 

growth, but also decreasing economic advantage. 
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Milthorpe (1961) observed of compet ion generally that 

remarkably few individuals of the suppressed species actually 

died unless droughtwal3 experienced, the total density was 

extremely high t or insect~ pests and diseases were present. 

In the context of lucerne survival under a cover crop 

severe shading could be added as a contributor to mortality~ 

(i) Drought;1ts drought is often experienced in 

areas where lucerne is grown, this will oommonly be the 

major cause of lucerne seedling mortality and while clear 

seeded luoerne may survive to produce a stand of adequate 

density, a drought may reduce survival under a cover crop, 

sufficiently to constitute stand failure. Although both 

trials were conducted in 'drought years' and cover crops had 

no effect on establishment~ the so type had a moisture 

holding capacity greater than mOl3t sails currently used for 

growing lucerne. 

( ii) Total density: Most workers have appreciated 

the need to reduce the COVer crop seeding rate below normal 

when conditions are dry to reduce the competition for mois

tureo However, apart from Palmer and Wynn-Williams (1972) 

most work showing decreased establishment under cover crops 

has been ()arried out at lucerne seeding rates in excess of 

11 kg/haG (For example Tassell and Fulkerson, 1960; Bandyo-

padhyay, 1965; Janson and Knight, 1973.) Seeding rates 

of this order constitute high density as 15 kg/ha represents 

a seed spacing of 1 em in 15 cm rows. Thus even when 

limited growth occurs, as under a cover crop, lucerne roots 

soon overlap and compete. Although the observation that 

cover crops reduced lucerne survival was correct, this may 

not have occurred had these authors used lower lucerne 



densities. Nevertheless, althpugh percentage survival may 

be reduced at high density the absolute density will be 

greater than at a lower density. 

(iii) Insect pests or diseases: Although mature 
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lucerne plants are tolerant of attack by grass grub larvae 

(Flay and Garrett, 1942) seedlings up to six months old are 

hignly susceptible to damage (Pottinger and MacFarlane, 1967). 

The smaller the lucerne seedlings at the time of the third 

stage larvae, February to December (Kelsey, 1951), the 

greater the risk of damage, and as sowing under a cover 

crop reduces seedling growth the risk of seedling death from 

larval attack is probably increased. 

(iv) Severe shading: As illustrated by Trial II, 

lucerne seedlings can survive under low light intensities, 

however when shading becomes severe as under a lodged cover 

crop, lucerne survival is nearly always reduced (Thatcher 

e t aI, 1 937) • 

7.2.2 Initial growth of undersown lucerne. 

In both trials the growth of seedling lUcerne was 

markedly reduced by coyer crops. The factor for which 

competition was occurring between the cover crop and the 

undersown lUcerne was difficult to isolate positively but 

appeared to vary with the circumstances. In Trial I the 

reduction was initially of the same proportion whether the 

crop was irrigated or dry suggesting that the cover crop 

INas competing with the lucerne for light and not moisture. 

Later however, the lucerne plants probably reduced in rooting 

depth because of shading,began to suffer from competition for 

moisture and light when non-irrigated but under irrigation, 

although competition may have existed t~ a small degree for 



moisture~ remained the major limit factoro Non-

irrigated y at low soil moisture levels v competition for light 

although having aggravated competition for moisture earlier? 

did not further depress growth. 

After harvest t~e irrigated undersown lucerne, although 

still reduced rooting d~pth from earl shading, quickly 
I 

approached . production of the clear seeded lucerne but 

non~irrigated undersown luqerne suffering from moisture 

stress as a result of reduced root growth and low soil 

moisture, continued to produce less than clear seeded lucerne. 

In Trial II, soil moisture was the major limit factor 

fr~m the outset and differences in the shading ability of 

different treatments appeared tq have little e ct 0 This 

conclusion '\Tas supported by the following: wheat offered 

shade earlier than barley or weeds, but reducing this shade 

by Itgrazing" had no e ct on lucerne growth; barley 

offered a greater intensity of shade than wheat, but reduced 

lucerne growth less; and lucerne height during the early 

growth period waS correlated with soil moisture levels in 

November (Table 24) but showed no correlation with light 

transmission at any st of growth" Soil moisture levels 

vvere lower earlier. than in Trial I, suggesting that the 

following relationships can exist between cover crops and 

under sown l.ucerne: 

( i) High soil mOisture throughout season: In the 

sence of high soil moisture lucerne growth under a cover 

was reduced to 39% of clear seeded lucerne sugge ing 

o ition,mainly for factors other than water, probably . . 

( ) Moderate so initially y falling to 

low later in the season: A cover crop r.educed 



iui tial lucerne growth th~ same proportion irr:igated or dry 

suggesting competition fo+, light, later only competition 

for moisture occurred. 
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(iii) LoW so mOisture throughout season: Irre

spective of the availability of light, provided the seedling 

obtained some minimum, competition for moisture was limiting 

growth. A wheat crop which .created half the shade of a 

barley crop but which reduced soil moisture more, reduced 

lucerne growth more than barley. 

In both trials a cover crop tended to reduoe lucerne 

dry matter production more than lucerne height which is in 

agreement with Matches (1962) and Cooper (1966). 

However, the effect of the cover crop on lucerne height 

differed between trials. Initially in Trial I, lucerne 

was higher under barley at both seed rates than clear 

seeded. Thus when a moderate level of shading occurred 

in the absence of competition for moisture, lucerne became 

etiolated, but the effect decreased with time, first at the 

high barley seeding rate and later at the low seeding ratev 

Finally lucerne under barley at both rates was lower 

than clear seeded lucerne. When competition for light in-

creased, with increased cover crop growth or 'when competition 

for moisture was operative, lucerne height became increas

depressed relative to clear seeded lucerne. 

Trial II, competition for moisture appeared to be 

operative from the outset, and thus lucerne height was 

depressed by both COver crops, increasingly as the seeding 

increased. With time competition increased, lucerne 

height became increasingly depressed until undersown lucerne 

to increase in height while clear seeded lucerne 

cont to Prior to harvest, barley and wheat sown 
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at 224 kg/ha had restricted lucerne height to one third ~nd 

one s respectively of ar seeded lucerne. 

These results and the apparent contradictions in the 

literature (Cowett and Sprague, 1962; Matches 1962; 

Scott and Patterson, 1962b; Bandyopadhyay, 1965; Cooper, 

1966; Janson and Knight, 1973) can be explained in terms of 

shad intensity~ shading duration and moisture stress and 

the interactions between them. Under any intensity of 

shading~ lUcerne height may be increased provided the dura

tion is short and the moisture supply adequate & If shading 

is severe for a long duration, or moderate shading occurs in 

addition to moisture stress, lucerne height may be decreased. 

Situations intermediate betw~en these two may result in no 

effect on lucerne height •. 

723 

When lucerne stand density was unchanged by a cover 

crop or even if were reduoed, but to a density above that 

required maximum production, the yield in time equalled 

that of clear seeded lucerne. The time span involved depended 

on the severity of previous competition and the growth con-

di tj.ons '" 

In both trials the stand density was unaffected by 

cover crops but tne time span for yie to be restored to 

that achieved without a cover crop varied markedly between 

tri.als" Under irrigation and after moderate cover crop com-

petition, the yield of undersown lucerne equalled clear seeded 

lU.cerne the second production cut in the season of estab-

lishmentG In the absence of irrigation yield was not 

rest unt the first out in the season following estab= 

shmento In a season of poor lucerne growth and after 
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moderate to severe cover crop competition, as occurred in 

Trial II~ the of the cover crop continued to 

effect yield~ fourth cut in the season following 

establishment. These results were similar to those 

obtained in previous t at Lincoln (Palmer and Wynn-

Williams v 1972). Of these trials, one showed no carry-over 

effects of a cover crop in the season following sowing, while 

two showed yield depress the first two cuts only. 

Irrigation decreased the magnitude and duration of the 

suppression of lucerne by a cover cropq This was in agree

ment with Hansen and Krueger (1973) but in contrast to the 

statement by Janson and Knight (1973) that "there was no 

carry-over effect from any of,the COVer crops in the second 

season on the non~irrigated trial but there was on the 

irrigated trial" (Table 39) ~ However this was probably 

more as a result of the irrigated being less variable 

than a result of irrigated cover crops having a greater or 

more lasting effect on undersown lucerne .. 

Ju,st as irrigation decreased the duration 

suppression? dry conditions in the season following est 

lishment of Trial II~ combined with severe establishment 

comps t c~ausing reduced root growth, may have resulted 

the extended carry-over effect of the cover crops. 

Weeds had less effect on seedling lucerne than cover 

, producing no influence on establishment? and a mod~ 

{yt on lucerne yield in the first year. A light 

on of weeds, mainly fathen, reduced clear seeded 

y s by 50% in the establishment year but the 



Lucerne season following ablishment .. from an 

irrigated a non-irrigated and d coyer crop 

treatments (after Janson and 9 1973). 

Lucerne production 
Irrigat trial Non-irrigated trial 

1 st cut Total % 1 cut Total % 
(4 cut (2 cuts) 

(kg/ha) (kg/ha) (kg!ha) {kg/ha) 

seeded 4300 aA 15600 a 100 36 to a 4090 a 100 
Wheat 4080 aAB 14770 a 95 2850 a ab 82 
Peas 3990 aAB 14930 a 96 3040 a 20 ab 86 

3380 bB 14350 a 92 2880 a 3380 ab 83 
3310 bB 13790 a 88 2730 a 3190 ab 

CV 12 .. 1 8~5 22.,7 19.4 

...... 

" 



of the additional lucerne produced from the use of a 

herbic barely covered the additional cost" . 

Under ss favourable conditions, with high weed 

populations and/or soils of low water holding capaoity 

reductions in establishment (Palmer, 1968) and severe re

ductions in yield (Taylor, 1969) can occur.. A lasting 

e ct of annual weed competition in the first year can 

occur if lucerne plant numbers are reduced to below 
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that required for maximum production, or if lucerne root 

growth is reduced, in a similar way to the after effects of 

cover crops~ so the lucerne has a deoreased ab ity to sur

vive and y:i,eld under dry conditions or limited nutrient 

supply. 

Although herbicides have been shown to increase the 

yield of lucerne in the first cut in the establishment year p 

the second third cuts are often unaffected and thus the 

economic advantage is doubtful~ In dry seasons however, 

large numbers weeds in the early part of the season may 

redu.ce the available moisture so that the yield 

reduced in later cuts (Peters~ 1961)" 

lucerne 

The presence of weeds had no effect on barley growth 

and let and Iveeds were suppressed by barley to the extent 

that a herbicide had no effect on barley yield or the growth 

of undersovm lucerne 0 

7.4 EFFECT OF UNDERSOWN LUCERNE ON COVER CROP 

Donald (1963) considered that a cover crop sown at 

normal density and spacing would always be reduced in yield 

when competition for water, nutrients and light were opera~ 

ting but he conceded that the undersown species was 
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unlikely to compete for light and the reduction in yield from 

competition 

slight 1 parti 

moisture and nutrient was likely to be very 

when the undersown species was heavily 

suppressed 0 

In Trial I substantial luoerne growth resulted in 

reduced 

in Trial 

reduced 

grain yield, but heavily suppressed lUcerne 

had no ~pparent effect on cover crop yield. The 

yield of barley undersown with lucerne showed a 

significant barley density x lucerne density interactiono In 

a sparse barley crop luoerne reduced yield, the reduction not 

altering changes in luoerne density, but in a dense crop 

yield was reduced only by the high rate of lucerne. This 

interaction was not altered by irrigation, and was similar to 

an interaction recorded with barley and clover by Mann and 

Barnes (1952). 

ey height and nitrogen percentage showed no 

effects of undersowing, and although tiller numbers and total 

barley 1I1eight two months before harvest tended to be reduced 

by 

in c 

1 the final straw yield was not reduced. This was 

to the statement made by Charles (1958) that straw 

yield was reduced more than grain yield by competition with 

underf1('iVUl :-:;peoies 0 At the low barley seeding rate grain 

yield was significantly reduced by undersown lucerne. 

Of moisture, light and nutrients, moisture and light can 

be ed as major factors for which competition occurred 

between barley and undersown lucerne, as neither the barley 

yi reduction nor the barley x lucerne seeding rate inter-

ion 1Ims altered by irrigation. Had competition for light 

en operative 1 ion, which increased lucerne height 

and lucerne leaf area y would have depres$ed the barley yield 
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further. Thus competition for nutrients remains as the dominant 

factor in cover crop yield reduotion. Nitrogen has been 

cons nutrient involved by Kurtz et al (1952)1 Mann and 

Barnes ("19 ) ~ Stivers (1956) ~ Aspinall (1960) and Charles 

(1960). 

The oomponent of yield contributing to the yield reduction 

was tiller and the subsequent ears have been shown to 

be decreased by reduced nitrogen supply (Thorne, 1962; Stan

berry and LowrY9 1965) particularly if nitrogen is withheld 

late in d~)'velopment (Schreiber and Stanberry t 1965), further 

supporting the view that competition for nitrogen largely con

tributed to the barley yield reduction. 

The conclusion can be drawn that seedling lucerne used 

more nitrogen than and that if under sown lUcerne 

plants are vigorous and present at a plant density approaching. 

that of the barley density, then nitrogen_deficiency may re

duce tiller ~urvival and the consequent grain yield. Poole 

and Gartnel1 (1970) obtained reductions in the yield of 

wheat by undersown annual legumes three years out of five and 

conoluded that this yield loss should be considered as part of 

the cost of undersowing in ~'lestern Australia. However under 

Canterbury concH tions undersown lucerne growth would usually 

be limi ted"~ and consequently would seldom result in signifi

cant cover crop yield reductions. 

'7.5 DENSI'rY IN CEREALS 

The relationship between density and yield 

between trials and varieties. In Trial I Zephyr yield 

increased 32% when the seeding rate doubled from 56 t·o 112 

~ but Research barley in Trial II showed no y 
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response over this seeding rate range and decreased 6% at 

224 kg/hac Arawa wheat in Trial II Ided 39% more at 

112 kg/ha than at 56 kg/ha and 34% more at 224 kg/ha than 

at 112 kg/hag Seeding rate had no e on tiller numbers 

two months before harvest in Research but had a large effect 

Zephyr~ suggesting that Zephyr had a lesser tillering 

ability and was therefore more 

Winter sown Arawa wheat in Trial 

tive to seeding rate. 

behaved similarly to 

Zephyr barley in Trial I, because eld emergence was so 

slow that the crop behaved as a spring sown crop in 

tillering. 

Although the grain yield/density relationship has 

been shown to be parabolic ( et al, 1956; Holliday, 

1960; Donald~ 1963; Willey and Holliday~ 1971), straw 

yield or total yield has been considered asymptotic (Holl-

iday~ 1960; Donald, 1963; /I J967; Stivers et aI, 

1971; Adelana and Milbourn, 1972).. Total yield of bar-ley 

in Trial I and wheat fallowed the asymptotic 

relationship. However, straw yield and total yields in 

Research barley Trial II decreased as the seeding rate 

increased from 56 kg/ha to 224 kg/hag 

Angus (1972) also showed that at one of two 

sites in New South Wales, total dry matter yield of Research 

barley de higher seeding rates. At this site 

moisture favoured a prolonged ripening period and 

light tion and distribution appears to have been the 

l.imiting or~ resulting in reduced total yield as higher 

seeding e ed shading. They showed that this 

occurred with t flat horizontal leafed but not 

with the erect leafed Lenta. This was in with 



Duncan (1969) who claimed that the I to density was 

determined by af angle .. With flat horizontal leaves a 

high leaf area index was a disadvantage because of excess 

self shading, but as leaf angle increased so could 

area index and density. 

It can be concluded that where light is the major 
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limiting lax leaved cult , such as Research~ should 

be grown at low plant densities for maximum produc on~ Thus 

new cultivars being screened for yielding ability should be 

tested at a range of seeding rates. 

7.6 DENSITY IN LUCERNE 

7.6.1 

As has been demonstrated by Garner and Sanders (1940), 

Zaleski (1959) and Palmer (1971) the percentage establishment 

of was density dependent in both t .. 
density of seeds or seedlings increased the tot 

As the 

estab-

increased but the percentage survival or estab-

lishment decreased. However the trials d markedly 

in ssion of this 

In trrial I the initial establishment was very high 

( of viable seed sown) but was not density dependent9 

however with time, establishment or survival became increas

ingly density dependent with plant numbers increasing at low 

and decreasing at high density. Trial II the 

establishment was lower (44% at 2~25 kg/ha seeding 

) and highly density dependent from the outset .. 

These contrast results can be explained in terms 

conditions establishment and the density range 
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( i) Conditions for establishment: More favourable con-

ditions for any reason result in a higher initial percentage 

establismnent and lesser mortality during the early stages of 

growth but later, especially at high densities 9 more favour

able conditions may increase mortality because of self thinning. 

(ii) Density range: The greater the seeding rate or 

seedling density the earlier will self thinning occur. The 

seeding rates in Trial I were low and over a narrow range (x 2) 

thus showing no differences in establishment init but 

Trial II, higher seeding rates and a wider range of rates (x 16) 

demonstrated intraspecific competition and self thinning 

earlier and more severely. 

The differences between trials their density indepen-

dent establismnent rates Were less clear. Factors common to 

both trials included soil type~ cultivar, sowing date~ and 

fLU}, season climatic conditions. Factors differing between 

trials included method of sowing, line of seed, fertilizer 

applicati.ons, and early season soil moisture conditions" In 

Trial I pelleted seed was sown with a pre sion but 

unpellet seed was sown with a cone seeder in Trial II. 

However~ a trial sov;rrl using bare seed with a combine drill 

and rf; and pelleted seed with a precision drill revealed 

(unpublished data) that establishment was not improved by 

either pelleting or by precision drilling. Phosphatic fer-

tilizer which was applied t[b.e first but not the second 

trial may have caused higher establishment Trial I. 

However the soil phosphate levels (Olsen) of 68 and 78 in 

Trials I and II respectively, were high making phosphate 

def:i.c at we of age unlikely~ Further~ the 

lucerne in the season following establishment was 



113 .. 

16~450 kg/ha still the absence of added phosphate, and this 

was unlikely to have been achieved under phosphate defic ncy .. 

Although the two se<:tsons, from September until April, 

differed li,ttle total rainfall or evaporation, initial con~ 

ditions 'Iiere drier in Trial II as soil moisture levels fell 

below theoreti wilting point within seven we of sowing 

in but Trial I was twelve weeks before this 

occurred" As seedling root growth is 7-10 times as rapid as 

stem grmvth i,n the first ten days of growth (Jung and Larson~ 

1972)? dry conditions which restricted ovlth may inhi bi t 

root development. Seedlings reduced in root growth would be 

unable to secure moisture from lower depths as the soil dried 

out and survival and production could be severely reduced for 

the whole season as a result of dry cond ions occurring early 

the establishment od. 

7 .. 6.2 

literature shows litt agreement on the e ct of 

increasi.ng plant density on lucerne production or on the 

population required for maximum production, however most agree 

that the imum population must be higher in the early part or 

of the sea$on than in subsequent seasons (Donald, 

1956, Seaney ~~~, 1970; Palmer, 1971, Hansen and Krueger, 

1973). the very early stages of establishment and perhaps 

in the first season, if growth is very limited the lucerne 

density/yield relationship might be truly asymptotic and the 

densi ty maximum production infinite. Takasaki .;;;;..;;......;;;;;= 

(1970) for example, showed that 2500 plants/m2 were required 

in the first season but 36 Plants/m2 subsequent seasons. 

Trial I populations of 200 plants/m2 out yielded 100 

plants/m2 the early stages of owth but these differences 
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were no longer apparent at the harvest cut or subsequent cuts 

suggesting that '100 plants/m2 , or fewer, were adequate for 

maximum produ on in the first and subsequent seasons" In 

Trial however~ 350 plants/m2 out yielded 30 plants/m2 in 

the first season when total production was very low and in 

the first two s of the second season 350 and 130 plants/m2 

yielded equally and both out-yie:J,.ded 30 plants/m2 " By the 

third cut of the second season 30 plants/m2 were yielding at 

th e max iffi'um • 

'rhus a stand density of 30 plants/m2 was sufficient to 

produce at a maximum some time in the second season. This 

was a density belmv most reported the literature for other 

cultivars (Cowett and Sprague, 1962; Rumbaugh, 1963; Wake

field and Skaland~ 1965; Brown and Stafford, 1970) but in 

agreement with T~[asaki et a1 (1970) and Palmer (1971). They 

shmved that 36 plants/m2 and 32 plants/m2 respectively were 

capable of maximum production. Under better growth condi

ti.ons or irri,gation~ a density of 30 plants/m2 might be capable 

of maximum production some time in the first se[';son of sowing. 

In spite of the fact that the trials differed markedly 

in their percentage establishment, seeding rates of 2.9 and 

2.25 kg/ha lITere capable of producing stands of adequate 

denSity, and therefore on the basis of yield alone current 

lucerne seeding rate recommendations of 12 6 kg/ha can be 

considered high 9 even when the percentage establishment is 

likely to be low" 

The relationship between lucerne sowing rate or denSity 

and stand life has not been establi.shed but evidence suggests 

(Yoda ~.;;,_<;;;;;' 1963; Palmer, 1971) that plant death remains 

ity dependent until a near equilibrium dens y reached 
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Provided the initial d ty is sufficient to prow~ae a density 

capable 

above or 

life w 

maximum production and the equilibrium density is 

to that required for maximum produ etion ,stand 

independent of the initial seeding ratee 

707 LUCERNE ESTABLISHMENT YEAR PRODUCTION 

Although loss of production in the establishment year has 

been given as a disadvantage of luoerne p seldom has first year 

production been measured in New Zealand or elsewhere. Trial I 

showed the high yields, 13.9 tlha irrigated and 6.9 tlha non

irrigated~ possible in the establishment year on a moisture 

retenti ve so 

greatly from 

and Trial showed that production can vary 

to year as on the same soil type with sim-

ilar weather conditions establishment year production of 

non=irrigated lucerne was 1.7 t/ha. 

Factors ly to influence the establishment year pro-

duction of lucerne apart from competition from cover crops or 

weeds incIude so type, irrigation and time of sowing. 

As the sowing time of luoerne is progr'essively delayed 

potential. yie abili ty for the establishment season 

creases progr"esBi at a greater rate than the reduced 

time would suggest. Janson and Knight (1973)~ for 

example ~ shmfed that under irrigation delaying sowing two 

months in the spring reduced the seasons production by 47% 

but the growing time was reduced by only 20-25%. 

Irrigation of lucerne in the establishment year 

ro ed in a two~fold inorease in dry matter production~ 

together with increased establishment and. no measurable 

affects on rooting habit. Thts response to 

was probably greater than response obtainable 
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on mature lucerne stands on the same soil type. With irri

gation first year production may have been 70-80% of sub

sequent annual produotion while without added water it 

dropped to only 50% of subsequent years production. The 

mean annual yield dryl.and Wairau lucerne at Lincoln has 

been measured as 14 9 1 00 kg/ha (O'Connor et al v 1968) .. 

On soils prone to prolonged summer droughts a large 

part of lueernes annual gro1tlth occurs in the spring and early 

summer.. Spring sown lucerne produces little initially 1 and 

in these situations establishment year produotion may be only 

5~10% of production in subsequent years.. On soils with better 

moisture supplying ability, or under irrigationp lucerne pro

duotion more evenly spread throughout the season and so 

first year production is a larger percentage of subsequent 

years production. 

The practical implications of being able to establish 

lucerne xpensively by using low seed rates and of being 

able to overcome the loss of production in the first year by 

igat,Jon or a cover crop include the use of lUoerne as· a 

short~terllly nitrogen restorative crop in intensive rotations .. 
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CHAPTER 8 

SUMMARY 

Two field trials were conducted at Crop Research 

Di.vision, D.SQ loRD, Lincoln, in the 1971/72 and 1972/73 

seasons to examine ways of reducing the cost of·establishing 

lucerne and reducing the loss of production in the .first year. 

Tr I examined the effect of a spring sown barley 

(cv Zephyr) cover crop at three seeding rates, 0, 56 and .112 

kg/ha, on lucerne sown at the same time at three seeding 

rates, 2 .. 9 y 3.8 and 5 0 8 kg/ha with and without irrigation. 

The 1971/72 season was drier than normal but lucerne 

establishment was unaltered by a cover crop regardless of 

seeding e or irrigation treatment. The overall establish-

was h wj.th '13% of viable seeds being present as plants 

after the first winter at a seeding rate of 2,,9 kg/ha. LUcerne 

product at the harvest cut was reduced by barley sown at 

56 kg/ha 21% and 49% non-irrigated and irr ed respe 

ive and remained depressed for two further cuts non-irri-

gated but yield was restored by the following cut irrigated. 

I 

~ 

ased the first season lucerney ld by 100% 

seeded and 194% with 56 kg/ha of barley, and lucerne 

seeding rate had no effect on lucerne yield. Barley grain 

yield was increased 11% by irrigation and 46% by a higher 

seed rate. Undersown lucerne at all seeding rates reduced 

barley grain yield by 20% at the low bar.ley seeding rate but 

lucerne the high seeding rate only reduced grain yield at 

the high barley seeding rate. \veed growth unt . harvest 

(26.1073) was reduced by the cover crop increasingly as the 



barley seeding rate increased, reduced 48% by irrigat in 

the absence of a cover crop, and unaltered by lucerne 

ng rate. 

Trial II examined the effect of a winter sown wheat 

(cv Armm) and a spring sown barley (cv Research) on the 

establishment and early yield of lucerne sown in the spring 

at seeding 

fluence of cover crop competition was further examined by 

sowing the cover crops at three seeding rates (56 1 112, 224 

kg/ha) and by simulated graz of the wheat and the use of 

a herbicide (2, 4, DB) on the barley and clear seeded lucerne. 

The 1972/73 season was drier than normal and although 

percentage 1.ucerne establishment decreased as the lucerne 

seeding e increased, no cover crop treatments effected 

lucerne e ablishment. Overall establishment was low with 

36 u of "iable seed bei.ng present as plant s after harvest at 

the 2025 kg/ha seed rate .. Lucerne production at the har~ 

vest cut was lOVI and was reduced markedly by cover crop treat= 

ments and hei.ght 9 root weight 9 and root weight d ribution 

data ed that wheat had a greater (;t than barley. 

No further cuts were in the establishment season but 

cuts tlw owing season showed that cover crops continued 

to 
~; 

lucerne Ids by 24%, 20%v 15% and 20% at the first, 

second y third and fourth cuts respectively. Lucerne produc-

tjion from a 20 kg/ha seeding rate was bel.ow that from a 

geO kg/ha seeding rate at the first two cuts.. Cover crops 

at establishment increased the growth of weeds by 37% in the 

Gut in following seas on. Undersown lUcerne had 

no e ct on the yield of the cover crops .. 

u.se of sown cereal cover crops for 

e ishment can be justified on the basis of providing a 



more return, provided the establishment year pro-

duct of clear seeded lucerne is low but can not be jus 

on basis of weed suppression. Lucerne seeding 

s 2 .. 25 and 2 .. 9 kg/ha produced stands with at least 
I 

30 plants/m2 which was a density sufficient for sustained 

high production. Thus on the basis of yield alone, current 

isa rate recommendations of 12-16 kg/ha can be 

considered even when the conditions for establishment 

are lElss than co Irrigation of lucerne in the estab~ 

lishment year re ad increased establishment and yield 

but with no measurable adverse effects on the rooting habit" 
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APPENDIX 1 Four week moving average of the soil moisture 
expressed as a percentage of oven dry weight 
and different lucerne and cover crop seeding 
rate treatments .. 

Treatment Soil moisture as percentage oven dry weight 
Period 1Ll0 .. 71 to 3.2.72 

2 3 4 5 6 7 8 

L1 BOIO 18 .. 6 18.5 18.2 19.9 20.5 20.7 20.7 17.9 

L2BO -18.7 18.7 18.6 20.4 2100 21 .. 0 20.6 17.8 

L3BO 18 .. 5 18.3 18.5 20.1 20.6 20.7 19.6 16 .. 4 

LOB1 18.6 18 .. 4 17.9 19.9 20.5 20.4 19.6 16.5 

L1B1 19.2 18.6 18.4 19.9. 20 .. 4 20.5 19.3 15.7 

L2B1 18 .. 5 18" 1 17.8 19.6 20.2 20.2 19.3 15.4 

L3B1 18.9 18.6 18. 1 20.2 20.7 20.4 18.9 15.3 

LOB2 18.7 18.2 17 • 1 18.4 18.8 18.5 18. 1 14.8 

L1B2 18.2 17 .9 17.2 19.0 19 .. 4 19. 1 18.5 14.8 

L2B2 18.3 17.8 17 • 1 18.5 19.0 18.5 18.0 14.9 

L3B2 18.5 17.9 16.9 18.0 18. 1 17.8 17.3 14.5 

9 10 11 12 13 14 15 1 6 17 
"""''''''''''V,,",V'''''''''I''' , = "--

L1 B010 15.8 13.5 11.7 10.0 10.4 1L3 11..0 11..1 11 .. Q 

L B 2 0 15.'7 13.3 11.9 9 .. 8 10.7 11.,7 10.9 12 .. 1 11..8 

l'3BO 13.9 11.3 9 .. 9 8.4 9.4 9.2 9.3 9 .. 1 9 .. 1 

LOB1 '13.8 12,,0 11 .. 1 9.5 9.'7 10.4 10.2 10. 1 11.2 

111B 13.4 10.5 9.7 8 .. 2 8 .. 8 9.9 9 .. 8 9.9 10.3 

'1 12.9 10.8 10.2 8.7 10 .. 1 1100 11..3 11 .. 3 12.2 

1 12.8 1 L 1 11.0 9 .. 4 10.4 10.8 10.9 10.6 10.3 

LOB2 12 .. 6 10.7 10.2 990 10.3 11.2 11.3 11.4 11.7 

L'I 12.2 10.4 9.4 7.7 9.3 10.0 10 Q 7 11.0 11.2 
12.4 10.6 9 .. 9 8.,3 9 .. 3 10.7 10.9 1L3 12.4 
12.4 10.2 9 .. 4 7.6 8.7 10.0 10 .. 1 10.5 10.7 

( continued) 



APPENDIX 1 conti.nu,ed ~ 

Trea'tment 

L1 BOI1 
L2BO 

L3BO 
LOB1 

L'I B1 
L2B1 

L3B1 
LOB2 
L1 
L2B2 

Ll 

1J2BO 
113BO 
LOBi 
LiB, 

1 

1 
LOB2 
L1B2 

Soil mo ture as percentage of oven dry weight 
Period 11.10.71 to 3~2"72 

1 2 3 4 5 6 7 8 

22 .. 4 22.7 2L5 22.7 23.1 22.4 ,,3 21.8 
23,,2 23.5 2109 23.2 23.7 23 .. 0 .9 23.0 
22.7 22 .. 5 21.5 22.7 20.7 22.9 21.9 21.4 
2L9 22 .. 0 2101 23 .. 0 23,,5 23.0 23.2 22.1 
21.,9 22 .. 3 20.9 22,,8 23 .. 7 22.9 22.9 22.0 
22.8 22.6 21.0 22.3 23 .. 1 22.2 22.2 21.0 
22.5 22.7 20.9 .4 23.4 22.4 22.6 21.9 
24.0 23 .. 4 21.6 22.8 23.5 22.7 22.7 21.7 
22 .. 5 22 .. 8 20 .. 9 22.6 23.6 22.9 23.3 16.8 
22.5 22.5 20.7 22.5 23 .. 4 22.6 22.3 22 .. 1 

22 9 23.3 21 .,3 22.7 23.2 22 .. 3 
.,4/ 

2 2 • 1, ,/" 2 1 .. 4 

9 10 1 1 12 13 14 15 16 17 
~---

21 ., 1 21 .. 5 22.7 19. 1 19.7 19.0 20.3 22.1 23.5 
22.6 22 .. 3 2401 20 .. 1 19 .. 3 19 .. 5 19.9 21.2 22.8 

19·9 19®3 2L4 '18.2 20 .. 8 20.9 22.0 23.2 22.9 
2 ii 05 ;'~1 ,,8 20.3 19.8 22.4 22.4 23.8 25 .. 0 24.5 
21.321.422.6 19.9 21.3 21.3 21,,8 22.4 22.3 
20.,2 20.8 21.7 1900 20.6 20.3 21..5 22.7 23 .. 0 
20.1 1909 21.0 17 .. 6 19,.8 19.5 19.2 20.8 21.1 
20.8 21.5 23 .. 7 21.4 23 .. 3 22.4 23.1 23.8 23.3 
16.0 15.8 17.0 19.921 .. 321 .. 1 22 .. 0 22.9 23.1 
20.3 21 • 1 22.9 19.3 21.6 2L1 21.9 23.6 23.7 
20.8 21.5 22,,9 19.7 21.4 20.4 22.0 23.1 22.8 



APPENDIX 2 

Treatment 

L1 BO 

L1B1 
L1E2 
L2BO 
L2B1 
L2B2 

L3BO 
L3B1 
L3B2 

stem water potent of lucerne sown at 

di.fferent seeding rates irrigated and 

non=irri,gated .. 

stem water potential 
(k Pa) 

Irrigated Non-irrigated 

5 52 

~517 -982 
-448 -1155 

69 1344 
-1224 

~672 -1362 
=689 -1862 
-483 1741 
-500 -1103 



APPENDIX :3 Lucerne plant density and different lucerne 

and cover crop seeding e treatments 

irrigated and non-irrigated at four 
"I 

sampling dates. 

Treatment 2.12 .. 71 11.2.72 
-------------------'"--------------------------------------

I)1 BOlO 83 .. 8 107 .. 6 112.,8 95.8 

L1B1 99 .. 0 101 .0 106 .. 8 101 .. 0 

L1B2 105.6 106 .. 2 107,"" 6 89 .. 2 

L2BO 112 .. 2 137,,6 12 110 .. 2 

L2B1 124 .. 0 133.8 126.0 116.0 

L2B2 114.8 131 .8 122.7 107.6 

L3BO 184.8 173.8 182.4 142.2 

L3K! 2.00.0 186.2 168,,6 145.6 

L3B2 182.2 171 .8 175.2 150 .. 2 

L1 BOI'1 104 .. 8 116,,0 132 .. 5 106 .. 8 

11B1 88 .. 6 116.6 -t 10.2 87 .. 8 

1J1B2 106.8 114 .. 0 112.9 103.6 

L2BO 139.0 151 .. 4 160.1 128 .. 4 

L2B1 127.2 147.6 150.3 112 .. 2 

L2B2 137.6 138.4 .,8 126.6 

L3BO 192 .. 8 19800 180 .. 4 144,,8 

L3B1 2'13 .. 0 192.8 190.3 158.0 

L,B;? 207.8 19806 184,,4 135 .. 8 

=_t =~ - "". =" "" ~'~" ... 



APPENDIX 4 Production of lucerne from different 

and cover crop seeding rate and 

treatments three sampling dates. 

Treatment Dry matter per 400 
(Mean of 4 replicates g) 

22.t1.71 13.12 .. 71 .. 12.71 
~.;..~""""" 

Li BOIO 0.71 3.85 7 .. 02 

11B1 0.24 0.92 1.66 

L1B2 0.20 0.66 1..45 

L2BO 0.63 5.98 8.76 

L2B1 0.60 1.39 2.35 

L2B2 0.22 0.59 0 .. 96 

L3BO 1036 6.05 10.45 

L3B1 0.80 1.54 1.95 

L3B2 0.39 0.90 0.72 

L1 BOI1 0.76 5. 11 9.64 

L1B1 0.31 2.82 L82 

L1B2 0.36 o. 1..58 

L2BO 1.48 5.95 16.5) 

12B1 0.59 1 .59 5.72 

L2B2 o u 15 Ou 2 .. 67 

L3BO 'j .40 7.06 18.96 

L3B1 0.81 2.08 10.87 

L3B2 0.35 1 .. 73 4.43 

~~ ..... m;;,,,:: .. ,,,,, ... _ .• ."~ 



APPENDIX 5 

Treatment 

L1 BOIO 
L1B1 
L1B2 

L2BO 
L2B1 
L2B2 

L3BO 
13B1 
13B2 

L'l BOI1 
1'IB, 
11B2 

12BO 

'I 

13BO 
13B1 

tial establishment from 

different irrigation and luoerne and 

cover crop seed 

Plant No 
(Mean of 4 

22.11.71 

160 103 
86 86 

135 103 
152 160 
1 115 

1 144 
213 217 
221 213 
197 217 

119 111 

131 123 
119 98 
176 148 
172 127 

131 139 
213 226 
275 213 
201 197 

treatments 0 

es) 

135 
98 

119 
176 
119 
164 
230 
201 
127 

131 
'103 
1 

168 
1 

160 
209 
217 
185 



APPENDIX 6 

Treatment 

~-""1"..., 

L1 BOIO 
L1B1 
L1B2 
L2BO 
L2B1 
L2B2 
L3BO 

i 

L3B2 

L1 BOI1 
Li B'1 
L1B2 
L2BO 

1 
L2B2 
L"?BO 

.) 

L3B'1 
L3B2 

Number of shoots per lucerne plant from 

different lucerne and cover crop seeding 

rate and irrigation treatmen~s. 

Shoots per lucerne plant 
(Mean of 4 replicates) 

13.12 .. 71 27" 12 .. 71 
-~ 

2 .. 3 2 .. 7 
1.4 1.6 

101 1..3 
2e6 2.4 
1 .. 6 1.4 
1.1 1.1 

2 ~ 1 109 
1.0 1.2 
1.0 1..2, 

2.7 2 .. 5 
1.4 1.8 
1.6 1.5 
2 .. 8 2.3 
1.,5 L8 
L1 106 

2 .. 0 2,,5 
L2 2 .. 1 

1 02 1.9 



APPEND 7 We of 100 shoots of lucerne from 

different lucerne and cover seeding 

rate and irrigation treatments. 

Treatment Weight 100 stems 
(Mean of 4 replicates) 

13~12 .. 71 27 .. 12.71 
~-

L1 BOIO 25.8 31.8 

L1B1 12.2 16 .. 6 

L1B2 8 .. 1 14 .. 1 

L2BO 24 .. 7 29 .. 5 

L2B1 12.5 21.8 

L2B2 6.4 8.9 

L3BO 20.8 36.5 

L3B1 11 .. 1 12.5 

L,B2 6.9 7" 1 

L1 BOI1 29.6 50.0 

L1B1 25.6 15 .. 5 

11B2 8.6 13.0 

12BO 22.9 70~6 

L2Bl 15.2 32.4 

L2B2 8" 1 14.9 

L3BO 26. '1 58.1 

L3B1 14.4 38 .. 5 
10 .. 7 19.2 



APPENDIX 8 

Treatment 

L1 BOIO 
L1B1 
L1B2 
L2BO 
L2B1 
L2B2 
L3BO 
L3B1 

L3B2 

Height of tallest shoot of lUcerne from 

different lucerne and cover crop seeding 

rate irrigation treatments at three 

sampling dat e s. 

Heieht tallest shoot (em) 
(Mean 4 replicates) 

22.1L71 

10 .. 0 

10 .. 0 
13.8 
1100 

15 .. 8 
13 e 3 
13 .. 5 
17.3 
1300 

13.0 
16 .. 3 
20.5 
13 .. 0 
1608 

1300 
13.3 
17.0 
14 .. 5 

13.12071 

24.5 
24 0 8 
23 .. 5 
26 .. 3 

23 .. 5 
21.8 

23 .. 8 

30,,3 
24.5 

30 .. 5 
38 .. 8 
36.0 
3005 
35.8 
27 .. 5 
34 .. 3 
38.8 
29.5 

27 .. 12 .. 71 

37 .. 5 
32.3 
34 .. 8 

37 .. 5 
34,,8 
28 .. 0 

38.0 
31 .. 5 
31.5 

48.0 
43.8 
40. :) 

55.0 
4805 

45 .. 5 
56 .. 0 

54.8 
47 .. 3 

---~----,------........,..--------



APPENDIX 9 

Treatment 

L1 BOIO 
L1B1 
11B2 

12BO 
L2B1 
L2B2 
L3BO 
L3B1 
L3B2 

L1 BOI1 
L1B1 
L1B2 
L2BO 
L2B1 
L2B2 

L3BO 
L3B1 
L3B2 

Number of nodes on the tallest lUcerne 

shoot from different lUcerne and cover 

crop seeding rate and irrigation 

treatments at two sampling dates. 

Number of nodes/tallest shoot 
(mean of 4 replicates) 

13.12.71 27 " 12 .. 71 

8,,8 10.0 
6 .. 5 10 .. 3 
7.5 11.5 
7 .. 5 9.8 
7.8 10.0 
6.5 8.3 
9 .. 0 11 .. 5 
8 .. 0 10.3 
7.3 9.5 

7.3 10.0 

9.5 10.8 
7 .. 8 10.3 
8,,8 11.8 

7.5 12.5 
7 .. 8 10.8 
8.3 1105 
8.0 10.3 
8.3 9.8 



APPENDIX 10 

Treatment 

LOB1 
L1B1 
L2B1 

L3B1 
LOB2 I O 
L1B2 
L2B2 
L3B') 

. c:.. 

LOB'I I 1 
L1B1 
L2B'I 

1 

LOB2I1 
L1 

Dry matter oduction and height of Zephyr 
barley and different seeding rate and 
irrigation s., 

14 .. 5 
7 .. 5 

12,,2 
8.9 

13.4-
14 .. 8 
13 .. 4 
81.. 

1300 

21.5 
9~8 

17.1 
20.5 

.. 0 
24.7 
15.0 

Barley growth 
(g DW/400 . cm2 ) 

32 .. 6 
26.0 

32" 1 
41.5 
41.8 
36.2 
34 .. 5 
29.1 

37.6 
22 .. 4 
44.5 
35 .. 5 
40.3 
59 .. 5 
49.9 
45.0 

27 " 12" 71 

54 .. 0 
32.0 
42 .. 7 
43.0 
64 .. 9 
41.9 
44.5 
53 .. 2 

59.5 
40.5 
40.0 
21 ,,0 
44.8 
46 .. 9 
41.,3 
3L3 

Barley 
height 

( em) 
27,,12.71 

67.3 
61.5 
61..8 
62 .. 3 
59.5 
63 .. 3 
63 .. 3 
6705 

75,,8 
75.8 
75,,3 
65.3 
73.0 
74.8 
77 .. 0 
72.8 



APPENDIX 11 

Treatment 

LOB1 I O 
11B1 
L2B1 

L3B'1 

LOB2 I O 
L1B2 
L2B2 

L3B2 

10B1I1 
L1B'1 
L2B1 

13B1 
LOB211 
L1B2 
L2B2 

L3B2 

Tiller production of Zephyr barley from 

different barley and undersown lucerne 

seeding rate and irrigation treatments 

at three sampling dates .. 

Barley tiller no./400 cm 2 
(mean of 4 replicates) 

22~11e71 13.12 .. 71 27.12 .. 71 
*-""".--~" '9 

5100 41..0 42 .. 3 
30 .. 5 31.0 26.8 
50 .. 8 4L5 37 qO 
40.,3 47 .. 8 35.8 
49~5 56 .. 0 64 .. 8 
53 .. 0 45 .. 5 39 .. 5 
49.3 42,,5 39.8 
31 .. 3 34.5 48.5 

42.3 37.8 48,.8 
46.5 2808 36 .. 8 
41.,5 44,,3 36 .. 3 
38.0 38,,0 19,,0 
54.8 52 .. 5 43 .. 3 
61.0 63 .. 3 43 .. 3 
65.8 48 .. 0 33 .. 5 

52 .. 3 50,,3 32 .. 8 



APPENDIX 12 

Trea"bment 

LOB1 I O 
11B1 
12B1 

L3B1 
LOB2 I O 
L1B2 
L2B2 

L3B2 

10B1I1 
L1B1 
L2B1 

L3B1 
LOB2I1 
L1B2 
12B2 
L 

Barley plant and tiller number from 

different barley and lucerne seeding 

e and irrigation treatments" 

Plants/m2 

15 .. 10071 

62 .. 7 

73 .. 3 
71 .. 6 
77.7 

159 .. 5 
147 .. 8 
166.8 
152 .. 6 

80 .. 9 
73.7 
76.5 
85,,0 

166 .. 4 
180 .. 6 
181 .. 8 

195 .. 5 

Tillers/m2 

2.121'71 

607 

564 
600 

495 
869 
748 
498 
659 

469 
525 
525 
518 
738 

797 
7 

659 



APPENDIX 13 

Treatment 

LOBi 10 
L1B1 
L2B1 

L3B1 
LOB2I O 
L1 
L2B2 

L3B2 

LOB1I1 

L'l B1 
L2B1 

L3B1 
LOB2I 1 
L1B2 
L2B2 

L3B2 

_~. """''''''~~,'=-''''-~-< .. __ ",._.,_"'r.-",-U,_~ __ ~", -~~"""'" 

Barley grain and nitrogen yield from 

different barley and unders·own lucerne 

seeding rate and irrigation treatments .. 

Grain yields 
(kg/ha) 

Grain N 
(%) 

Mean of 4 replicates 

2870 2 .. 07 
2188 2.14 
2390 2.01 
2428 2.09 
3410 2.09 
3570 2.04 
3814 1.93 
3451 2.03 

3204 1. 71 
2484 1 066" 

' . ..,,' 

2515 1058 
2607 L66 
4083 1.66 
4270 1056 
4033 1 ,,60 

3516 "I ;,57 

Grain N", yield 
( kg/ha) 

59.5 
47 .. 0 
48~2 

51..0 
71.3 
7244 
73.5 
69.8 

54.8 
41.1 
39.8 
42.4 
67.7 
67.2 
64,,8 

55 .. 7 



APPENDIX 14 

Treatment 

LOB1 I O 
L1B1 
L2B1 

L3B1 
LOB2 I O 
L1B2 
L2B2 

L3B2 

LOB1I j 

L1B1 
L2B1 

L3B1 
LOB2I1 
L1B2 

L3B2 

"',',d-"~~~*_. _. ~'_ .. , 

Barley straw yield and grain straw ratio 

from different barley and undersown 

luce~ne seeding rate and irrigation 

treatments e 

Straw yield Grain/straw 
(kg/ha) ratio 

3397 0.85 
2826 0.77 
3038 0.80 
3109 0.78 
3638 0.94 
3880 0.92 
4239 0.90 
3851 0 .. 90 

3755 0086 
3072 0.81 
3465 0.78 

3290 OQ79 
4267 0.96 
4964 0 .. 86 
4689 0.87 

3995 0.88 



APPENDIX 15 

.(6 

Treatment 

L1 BOIO 
L1B1 
L1B2 

12BO 
L2B1 
12B2 

L3BO 
L3B1 
13B2 

L1 BOI1 
11B1 
L1B2 

L2~O 
12B1 
L2B2 

13BO 
L3B1 
L 

Dry matter production weeds, from 

different barley and undersown 

lucerne seeding rate and irrigation 

atments .. 

Weed production 
(kg dw/ha) 

2091 
1653 

188 

4Q35 
646 
211 

1767 
662 

'453 

1538 
1012 
498 

1262 

603 
4 '2'7: 

',) . .J 

1287 
623 
404 



APPENDIX 16 

atment 

Li BOIO 
L1B1 
L1B2 

L2BO 
L2B1 
L2B2 

L3BO 
L3B1 
L3B2 

L1 BOI1 
L1B1 
L1B2 

L2BO 
L2B1 
L2B2 
IJ7B" 

,) '-," 

L3B1 
L3B2 

""""""'l'i::!1"' • 

Lucerne dry matter production from three 

cuts the establishment year and one 

cut in· the following year from different 

cover crop and lucerne seeding rate and 

irrigation treatments .. 

Lucerne dry matter (kg/ha) 

25 .. 1072 14 .. 3 .. 72 9.5 .. 72 Tot 8. 11 072 

2270:' 3384 2161 7815 6334 
271 1273 1543 3087 7265 
170 1013 795 1978 6024 

2425 3042 2222 7689 6955 
544 1805 1365 3714 6423 
282 1662 1590 3534 6290 

1783 2260 1333 5376 6556 
574 1894 1353 3821 6290 
281 1388 1194 2863 6379 

5554 5178 3002 13734 6512 
2368 4474 2724 9566 6467 

1546 4069 2656 8271 6202 

5798 5093 2898 13789 6600 
3113 4811 2768 10692 6998 
1578 3702 2422 7702 6157 
6160 5300 2814 14272 6688 
3162 4932 2836 10930 6512 

1947 4222 2609 8778 6290 



17 Soil mOiGture (as perce.ntage oven dry weight) in intermed e lucerne seeding rate 
subplots from different barley whe cover crop seeding rate treatments. 

Treatment S moisture percentage (mean of replicates) 
Date: t 5. 11 .72 .11 ., 72 29., • 72 12 ¢ 120 19.12.72 27.12 • 3 .. 1.7310.1.7317.1.735.2,,73 

se 14.3 12.7 15.8 12. 1 13.7 7 • 1 8.1 704 SG9 6,,0 

Barley 56 10.8 10.0 14.6 13. 14., 1 7 .., 
j "-' 7 .1 6.7 10 .5 7.,5 

112 10 .. 6 9.5 14.1 11.2 13" 1 6.7 7.0 6.9 11., 1 7.2 
2 9.S 8.9 13.S 1 L 1 11.6 6.1 6.9 6.4 11 ., 1 7.9 

seeded+24DB 14 .. 1 12.9 14.6 11.6 13.7 7.8 7 .. 6 7.0 8.7 5.7 
Barley 56 IW ILl 9.6 14. 1 11.8 11.5 6 .. 7 6,,9 6.8 1106 7.8 

112 " 10. 1 9.5 14. i 11.2 13.1 6.5 7.4 6,,4 10.,4 7,,9 
224 n 9.8 8.9 14 .. 2 10.9 11.5 5.9 7.0 6. 1 11.5 S.1 

Wheat 56 9 .. 9 S.8 13.,3 11.2 13.3 7 .. 0 7.7 6.5 10.6 7.9 
112 8.9 8.8 12 .. 4 10.4 12.3 6.6 7.5 5.7 1 L 1 7.9 
224 8.6 7.4 12.4 11.0 11 .0, 6.5 6.9 6.8 10.0 8.2 

Wheat 56 grazed 9.5 9.1 12.8 11. 1 12 .. 5 7.6 7.9 7 .. 1 10.5 8.9 
112 It 8.9 7.9 13.0 10.7 12.8 6 .. 5 7.6 6.8 10.6 7.7 
224 II 8.9 7.8 12.4 11 .. 0 12.3 5.9 7,,6 6.5 11 .2 7.9 



APPENDIX 18 

Treatment 

Clear seeded 

" 
Barley 56 

112 
224 

Barley 56 + 
112 
224 

Wheat 56 
112 
224 

Lucerne stem water potential of lucerne 

clear seeded and sown beneath cover 

crops of wheat and barley (mean of 

3 replicates). 

Stem water potential 18.1.73 
(k Fa) 

5699 
+ 24 DB 5493 

5470 
6297 
5585 

24 DB 6182 
It 5769 
II 4757 

5171 
4643 
50 

Wheat 56 grazed 4895 
112 II 5378 
224 n 4045 

ov 16.32 



APPENDIX 19 Light transmission at ground level 

Treatment 

Weeds 
.. + 24 DB 

Barley 56 
112 
224 

Barley 56 + 24DB 
112 II 

224 
Wheat 56 

112 
224 

~/heat 56 grazed 
112 Ii 

224 

CV 

beneath 'i'reeds and 
and wheat 0 

of barley 

Light transmission at ground Ie 

(% at full sunlight) 

27 .. 12 .. 72 8.1 <i 73 19.1.73 

58.2 28 .. 1 36" 1 30 .. 7 
82.9 77.2 67.4 59 .. 5 
19.7 34 .. 6 27.4 21.2 
18.8 30.7 23.4 25.5 
13 .. 8 27.5 30.4 31.5 
15.9 28 .. 3 25.9 25.4 
13. 1 29.6 28.7 24.4 
11.6 27 .. 8 24.2 26.9 
42.5 48.4 42 .. 1 45 .. 9 
40.9 45 .. 7 50.9 46.1 
30.4 46.1 36 .. 4 44.6 
45.6 60 .. 9 5107 6L9 
43.7 61.9 46.7 48.2 
44 .. 6 58.7 40.3 48.1 

25.95 17.90 25.44 27.58 



APPENDIX 20 

Treatment 

Clear seeded 

" 
Barley 56 

112 
224 

Barley 56 + 
it 2 

224 
Wheat 56 

112 
224 

Soil tem~erature at 1 cm below so surface 

of lucerne clear seeded and sown with 

cover crops of barley and wheat at three 

seeding rates. 

Soil temperature (oC) 

(mean of 2 replicates) 

26.4 
+ 24 DB 27.9 

25.4 
25.9 
25.0 

24 DB 26" 1 
u 25.8 
n 25.5 

25.4 
26.1 
25,,3 

Wheat 56 grazed 26.0 
112 II 25.5 
224 II 25,0 



APPENDIX 21 

Treatment 

Clear seeded 
+ 24DB 

Barley 56 
112 
224 

Barley 56+24DB 
112 n 

224- it 

Wheat 56 
112 
224 

Wheat 56 grazed 
112 " 
224 II 

Lucerne plants/m2 clear seeded and 

under cover crops of barley and 

wheat (mean of 3 replicates)" 

Plants/m2 

16.2.73 30.10.72 
Lucerne seeding rate 

(kg/ha) 
Lucerne seeding rate 

(kg/ha) 
2025 9.0 36.0 9.0 9.0 36.0 

36.2 149.2 387 .. 9 38~5 124.6 303.4 
55.7 137.1 315.5 40.1 119.2 271 .8 
33 .. 9 145.8 408.9 36.2 149.2 405.5 
42.8 149.9 343.2 37.7 148.2 302.1 
50.4 137.1 331.6 31.5 124.6 294.9 
33.9 107.2 284.4 37.4 130.7 267.8 
43.6 111.6 346.5 36.9 143.2 327.7 
44.2 141 .4 286.0 26.2 104.5 24505 
35.1 156.0 427.9 34.9 134.5 403.4 
49.3 114.8 430.8 32.4 114 .. 2 380.9 
46.9 126.8 32706 23.3 93 .. 5 34305 
20.6 112 .. 2 236 .. 5 27.0 102.3 241.6 
33.4 109.8 322.8 24.7 82.0 350.3 
30.3 110.9 461 .1 27.5 112.9 372.0 



APPENDIX. 22 4 The 19ht of the tallest shoot of seedling lucerne and different lucerne . 
and coyer crop seeding rate treatments on three sampling dates 
(mean 3 replicates). 

Treatment Height (em) 

30.11.12 28,,12.12 15.1 .. 73 

Lucerne seed rate (kg/ha) Lucerne seed rate (kg/ha) Lucerne seed rate (kg/ha) 
??5 9 .. 0 36.0 2.25 9 .. 0 36.0 2 .. 25 9 .. 0 36 .. 0 

..." 

Clear seeded 19.6 19.9 20 .. 3 35.4 33.3 33.9 ·41,,4 39.7 35 .. 1 
II + 24DB 19.3 20 .. 3 21..5 33.8 31..3 34.9 38.1 31.3 34.7 

Barley 56 14 .. 1 17.6 17.5 19 .. 2 22.6 26.1 21..0 26.9 26" 1 
112 7.3 12 .. 2 11.9 1 6" 1 16.5 15.1 12.3 15.5 17 
224 5.8 7.9 8 .. 2 12.5 11.0 14.3 12 .. 3 13.9 13 .. 3 

Barley 56 + 24 DB 12 .. 0 1 .6 14.9 22.0 23.4 21.9 14.7 19.3 18.0 
112 11 7.4 9,,6 11 " 1 8 .. 9 15.9 15.4 12",3 15.8 17 .. 5 
224 " 6.0 7' it,S 7 .1 11.4 10.8 13.7 9.1 13 .. 5 12 .. 2 

Wheat 56 5.4 7 -:0; C ... J 7.9 1 .9 10.7 11.,9 10.8 11..3 13.8 
112 3.0 4.5 3.7 6.9 7.5 8.7 6.4 6.6 7.5 
224 2 .. 2 2" 1 3.0 6.4 7.3 5.5 6.5 6.3 6,,7 

Wheat 56 grazed 4 .. 6 5.3 6.5 9 .. 2 11.5 12 .. 1 1 0.3 11.2 11..2 
112 It 2.8 3.5 5.5 7.1 7.5 12 • 1 7.3 10 .. 3 9.9 
224 n 2 .. 1 2 .. 5 3.6 7.1 7.8 8.5 5.3 5.9 7 .1 



APPENDIX 23 Dry matter production of clear seeded 

lucerne and weeds and different seed 

rate and herbicide treatments. 

Treatment Dry matter production (kg/ha) 

Luoerne Weeds Total 

LO 4377 4377 

L1 753 3822 4575 

L2 1088 3205 4292 

L3 1504 3218 4722 

LO + 24 DB 1187 1187 

L1 II 1586 1261 2847 

L2 II 1756 489 2245 

L3 " 1828 533 2362 



APPENDIX 24 

Treatment· 

Clear seeded 
It 

Barley 56 
112 

224 

Root dry weight of seedling lucerne from 

different lucerne seeding rate and cover 

crop treatments. 

Root weight (kg/ha) 

Lucerne seeding rate 
2.25 9.0 36.0 

1202 1353 2619 
+ 24 DB 1839 2778 2922 

82 411 308 
31 81 15 1 
27 80 92 

Barley 56 + 24 DB 55 180 263 
112 n 56 80 321 
224 n 21 64 191 

Wheat 56 34 148 347 
112 14 67 163 
224 13 31 77 

Wheat 56 grazed 61 131 204 
112 " 36 106 142 
224 " 17 58 96 



25 Dry matter production of lucerne and weeds in the first cut of the season 
following establishment from different lucerne and cover crop seeding 
rate treatments. 

Treatment Dry er production (kg/ha) 
17" 1 0" 73 

Lucerne Weeds Total 

2.25 9 .. 0 36,,0 0 2.25 9 .. 0 36 .. 0 0 2 .. 25 9.0 36 .. 0 

seeded 4085 4811 4585 2434 1019 547 434 2434 5104 5358 5019 
+ 24 DB 4887 4717 5368 3962 679 632 283 3962 5566 5349 5651 

56 3160 4000 3585 3377 1528 962 745 3377 4689 4962 4330 
112 2057 3519 4000 2934 1377 708 736 2934 3434 4226 4736 
224 2896 3302 2802 3736 906 1104 1142 3736 3802 4406 3943 

Barley 56 + 24 DB 3406 3142 3491 36 1038 840 858 3236 4443 3981 4349 
112 " 2538 3302 3481 3519 1925 877 726 3519 4462 4179 4208 
224 II 2528 3774 3642 4208 1679 764 1311 4208 4208 4538 4953 

Wheat 56 2340 3557 3406 4481 1906 1038. 1019 4481 4245 4594 4425 
112 2509 2906 3481 3962 1160. 1189 3962 3670 4094 42 
224 1887 2491 3415 3358 1642 1415 .594 3358 3528 3906. 4009 

Wheat 56 grazed 3170 2764 1 2972 972 1085 1094 2972 4142 3849 4415 
112 " 2802 3236 4160 4217 1255 840 774 4217 4057 4075 4934 
224 1830 3500 45 3057 2000 575 500 3057 3830 4075 3745 



APPENDIX Dry production lucerne in the second, third and fourth cuts of 
the following establishment different lucerne and cover crop 
seed rate treatments. 

Treatment Lucerne dry matter production (kg/ha) (mean of 3 replicates) 
27 e 11 .. 73 11.1.74 5c3~74 Total (4 cuts) 

seeding 
2 .. 25 9.0 36 .. 0 2.25 2.25 36.0 2,,25 9.0 36,,0 

seeded 3811 4113 4387 4142 3151 4226 3500 3160 3321 55 15236 16519 
tt +24DB 3906 4226 4509 4642 4170 4519 3538 3330 3509 16972 16443 17906 

56 53 4057 3811 3660 3764 3717 2755 3311 2500 12528 15132 13613 
112 2491 3349 3679 3160 3613 3509 2340 3009 2934 10047 13491 14123 
224 2745 3132 3849 3736 3387 66 2613 2679 2642 11991 12500 12858 

56 +24DB 3226 3868 3981 3896 4368 3868 3123 3594 2943 13651 14972 14283 
112 " 2858 3585 3962 3368 3915 3462 2660 3321 2896 11425 14123 13802 
224 It 2962 3660 4047 3717 4066 3415 2858 2764 2689 12066 14264 13792 

Wheat 56 2717 3698 3698 3434 3311 3009 2575 2425 11764 13264 12783 
112 2651 3349 3057 3208 2755 2443 2566 2160 10660 12028 11642 
224 2217 3208 17 3443 2858 2377 2302 2453 9925 10858 12443 

at 56 grazed 2934 3604 3717 4330 4000 3387 3368 2991 2642 13802 13358 13066 
112 11 2755 3330 3887 3283 3491 3670 2887 2491 2538 11726 12547 14245 
224 2142 3226 3357 3358 3104 2755 2368 2330 2075 9698 1~160 11632 



27 1000 weight and nitrogen centage of wheat 

and crop vndersown lUcerne seeding rate 

tre nt s .. 

--------------------------.---~--------~-------------------------------------------------------------------------------

Treatment Grains/ear 1000 Grain wgt N % 
o 2.25 9.0 36.0 0 2.25 9.0 3600 o 2~25 9.0 36.0 

56 25 26 22 23 44 44 43 44 1 ~ 94 1.96 1.97 1.96 

112 20 17 21 17 44 43 44 44 L80 1.81 1074 1071 

224 17 18 21 18 42 42 43 1082 1- L80 1.92 

Barley 56 + 24 24 22 27 23 45 44 43 45 L77 1.95 1.94 1.94 
112 II 25 19 21 44 44 43 45 1. 79 1. 91 1.89 1 • 

123 fI 22 16 20 21 41 43 41 42 L94 L88 1.80 1. 78 
tollheat 56 24 23 23 26 42 42 41 42 2.59 2.59 2.45 2.55 

112 21 21 22 43 42 42 2.43 2.46 2.41 2.37 

224 15 18 20 19 42 44 44 43 2.45 2.30 2.30 2 .. 24 
Wheat 56 24 22 21 25 42 39 39 40 2 .. 51 2.67 2.54 2. 

112 It 6 20 22 24 41 43 41 44 2.50 2.45 2.27 2.46 
224 II .4- 23 22 22 44 43 44 43 2.25 2.35 2.28 2.34 



APPENDIX 28 

Treatment 

Barley 56 
112 
224 

Barley 56 + 24 DB 

112 ti 

224 II 

Wheat 56 
112 
2 

Wheat 56 grazed 

112 we 

224 II 

B and wheat plant numbers, tiller numbers and fertile tiller numbers 

ill different lucerne and cover crop seeding rate treatments .. 

Plants/m2 

20" 1 0.72 

101 

207 
357 
104 
22.8 
362 
74 

136 
256 

72 
35 

246 

Tiilers/m2 Fertile tillers/m2 

29. 11 .72 15 . 1 
o 2e25 9.0 36~O 0 2.25 9.0 36.0 

758 827 773 667 588 547 680 538 
669 707 735 764 543 547 591 554 
829 804 807 813 701 755 618 658 
729 631 622 624 519 573 535 530 
764 853 689 682 644 554 654 565 
847 787 860 800 645 622 665 650 
306 302 272 347 224 198 239 232 
330 401 439 390 302 318 275 282 
470 461 488 469 387 311 327 395 
307 317 277 285 206 242 244 2 i 1 
317 342 304 425 238 353 375 288 
472 478 471 438 365 393 371 295 



: APPEND IX 29 Barley and wheat grain and straw yield from dif:ferent lucerne and 
COVer crop seeding rate treatments. 

Treatment Grain yield (kglha) straw yield (kg/ha) 
0 2~25 9.0 36.0 0 2.25 9.0 36.0 

Barley 56 3966 3986 3964 4044 4848 5294 5121 4570 
112 3926 3947 3950 3717 3938 4792 4308 3769 
224 3958 3993 3706 3681 3983 3809 3861 3281 

Barley 56 + 24 DB 4298 4073 3704 3795 4781 4876 4247 4453 
112 It 4024 3991 4093 3885 4519 4403 4451 3.973 
224 II 3295 3701 3666 3543 3389 3278 3652 3574 

Wheat 56 1800 1343 1538 1545 4216 4401 4642 4807 
112 2204 2000 2226 2248 4793 5104 5553 5183 
224 2117 2650 2466 2306 5472 5084 5046 5156 

Wheat 56 grazed 1485 1200 1203 1416 4009 3961 3830 4068 
112 n 1613 1806 1812 2071 4583 4363 4274 3997 
224 " 2954 2769 3192 2997 3995 4938 4398 4299 



APPENDIX 30 

Treatment 

Wheat 56 

112 

224 

Wheat 56 ed 

112 II 

224 II 

Stem weevil and barley yellow dwarf virus 
damage and different wheat and undersown 
lucerne seeding e and ing treatments .. 

Lucerne Damaged t 
seeding 
rate Stem B"Y4D .. V .. 

(kg/ha) Weevil 

0 2383 14.4 
2.25 33.3 21 01 

9.0 24.4 3 .. 3 
36.0 14.4 31.1 
0 14.4 12.2 
2.25 11 • 1 5.5 
9.0 13.3 4.4 

36.0 12.2 15.5 
0 7~8 8.8 

2.25 23.3 4,,4 
9.0 12.2 2.2 

.0 11. 1 14.4 
0 .5 10.0 

2.25 34·4 .0 

9.0 60.0 6.7 
.0 ')', :3 r.::,,, ,. ~ 14 .. 4 

0 23.3 11. 1 

C~. 25 23.3 17~8 

9.0 20.0 22.2 
36 .. 0 26.7 17 8 

0 10.0 10,,0 
2.25 10 ° 13.3 
9.0 15.5 60'7 

,.0 14.4 12.2 
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