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ABSTRACT

The research for this thesis was undertaken in both Jordan and South Australia- Four research

priorities were identifred and studied, viz.

(Ð Surveys of native annual medics in cultivated and uncultivated areas in Jordan;

(ü) Evaluation and adaptatior¡ of.new annual medics to agro-climatic zones in Jordan;

(üi) pasture management: effects of defoliation, depth of sowing and role of pure and mixed

swards; and

(iv) The effecs of temperature and plant density on plant gfowth and nitrogen fixation by annual

medic swards in controlled environmental conditons'

These research priorities were addressed in seven experiments plus field surveys as follows:

Field Surveys: The field surveys in Jordan showed that on cultivated fields the native medics

had been eliminated by deep ploughing and bare fallowing but on uncultivated areas there were

reasonable medic seed reserves which ranged from 500-13l7fip.

Evaluation of Medic Genotypes : A medic evaluation experiment examined herbage and

seed production of nineteen annual medics representative of six Medicago species including

Australian commercial cultivars sown at the equivalent of l8kglha pure genninating seed of

Jemalong as standa¡d. This experiment was repeated in the northern, central and southern districts

of Jordan. The main conclusions were: dry matter production varied according to the genotype

and climatic conditions; M. scutellata was the most productive species followed by M.rotata,

while M. truncatula species was the poorest over the three sites. Seed yield reflected the herbage

production in both sites and genotypes-

Comparative Growth and Seed Production : This experiment was conducted at Mushagar

Research Station in the cenrral district of Jordan in 1986 - 1987. The comparative experiment

quantifying the herbage and seed production of four annual medic species, two Australian

commercial cultivars namely, Medicago scutellata cv. Sava and MedicaSo truncatula cv.Paraggio

and two cold-tolerant genoryopes namely, Med.icago rigidula Sel.716. andMedicago rotataSel-

1943. All genotypes were sown both at equal sowing rates (30k9/ha pure

germinating seed), and equal seed number (825 seeds/m2). Eight harvests were made through the

season.

Defoliation experiment : This experimenr at the Waite Institute was designed to identify and

quantify the main effects of time and frequency of defoliation on herbage and seed production of

the same four annual medic genotypes used in the Jordanian experiment. Four defoliation
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treatmenrs were applied, viz. (Undefoliated, Defoliated Early, Defoliated Late and Defoliated Early

and Late). Defoliation treaEnents had a marked effect on both herbage production and seed yield.

Depth of sowing experiment : This experiment conducted in a glasshouse using small pots

involved three depths of sowing 1, 3 and 5cm using sand and loam. Four medic genotypes (Sava,

para., Rigi., and Rota.) were tested for seedling emergence. The main conclusions were that

percentage seedling emergence, cotyledon area index and herbage yield decreased as the depth of

sowing increased regardless of genotype or type of soil and the emergence percentage in loam was

less than the corresponding depth of sowing in sand. The optimum depth of sowing for medic

was Lcm with sandy soil.

Mixture experiment: This experiment was located in raised-beds using microplots (20 x

20cm). Four medic genorypes (Sava, Para., Rigi. and Rota.) were sown in pure stands and in

binary mixtures (60kg/ha pure germinating seed). Also all genotypes were sown in 4-way

mixrures (60 and 600kg/ha pure germinating seed). Binary mixtures produced an intermediate

herbage yield between the most productive genotype, M. truncatula. andthe other genotypes.

Growth cabinet studies: Four medic genotypes (Sava, Pata., Rigi. and Rota.) were

compared for growth response to temperature under controlled conditions in two experiments.

Conditions common to both Experiments 6 & 7) were 400 pmolquantalnû/s L2h day: l2h night

and three temperature regimes 10, 15 and 20oC were applied. The main findings in this

experiment were that at low temperature (lOoC) M. rigidula. had the highest shoot growth rate

(5.1gDlWm2/day), but growth declined beyond 15oC.

Temperature and plant density experiment: According to the previous experimental

results, two genotypes out of four were chosen to be examined for glowth responses and nitrogen

fixation as influenced by remperature and plant density. M. scutellar¿ which positively responded

to temperature and M. rigidula which inversely responded to temperature. Three plant densities

888,2222 and,22,220 plants/m2 were used. The main conclusions were that growth rate varied

according to plant density, temperature regime and genotype; the maximum growth rate was

obtained lrom M. scutellata (8.gg/rûlday) at 15oC with medium density, whilst the lowest growth

rare was produced from M. scutellata (2.5gDMlm2/day) at 20oC with high density; at low

temperature, glowth rate increased as plant density increased for both genotypes. The evidence

from these controlled experiments is that M. rigidutais a cold-tolerant genotype and has a potential

role in southern Australia as well as being suitable for the medic seed export industries to colder-

winter countries of the Old World or southern Europe.
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1. GENERAL INTRODUCTION

In ttris thesis the word "medic" applies to an annual species of the legume genus Medícago.

All medics a¡e winær annuals with herbaceous weak stems, trifoliate leaves and inconspicuous

yellow flowers (Whyte et al.1953).

The genus Medicago is native to western Asia and the Mediterranean region, though many of

its annual species have become naturalized over wide areas in many countries of the world

especially those areas with Mediterranean type climate (Heyn 1963). However, annual medics

(Medicago spp.) also have potential as winter legumes in agricultural areas of subnopical

regions, e.g. eastern Australia where the mean winter rainfall (Aprit to September) exceeds

180mm (Clarkson and Russell 1979).

The seasonal distribution of dry matter production is a major feature of the growth of annual

pastures in a Mediterranean environment. Yield early in the growing season when feed is

normally scarce is an important determinant of year-round carrying capacity of livestock. As

the pasture grows, many factors can operate to restrict the rate of increase in plant growth.

While some of these restrictions can be removed, others are simply attributed to poor

adaptation of the cultiva¡ to the climatic, soil and biological environment of the farm. The

solution to these problems is to select a better genotype. The more-important types of

restrictions are poor adaptation to the ecological and biological characteristics of the farm,

yielding ability of the culrivar, dry conditions also poor nodulation and nitrogen fixation.

Much better knowledge of the factors affecting field behaviour of medics is necessary if they

ate to be used effectively as components of pastures. Carter (1981b, 1990) has identified 13

factors influencing the persistence and productivity of annual medics and sub clover. In the

cereal-livestock zone of southern Australia and its counterpafis in West Asia and North Africa,

the most important constraints to the productivity and persistence of annual medics are:

* choice of species, cultivars, mixtures and sowing rates

* depth of sowing



2

*

*

*

tillage practices affecting regeneration (Carær 1987)

insect pest control during establishment

graz.rîgmanagement during the summer-aunEm perid

It is important that the ecology of cultivars can be examined as well as their potential

productivity measured because high herbage production may be on the expenses of seed

production. The t\{ro may be antagonistic because excessive shading has been shown to reduce

seed yield (Collins et al.1978).

These factors all influence seed-seedling dynamics and consequent density, productivity and

persistence. This thesis describes field surveys and experiments, a raised-bed experiment, a

glasshouse experiment and two growth-cabinet experiments related to the ecology and

management of annual medics. Part of the research was conducted in Jordan and the rest at the

rwaiæ Agricultural Research Instituæ, Adelaide, South Australia. Comparative studies on well-

known Australian cultivars, Medicago scutellata (snail medic) cv. Sava, M. tntncarul¿ (barel

medic) cv. Paraggio and two selected medic genotypes from the International Centre for

Agricultural Research in the Dry Areas (ICARDA),viz. M. rigidula Sel. 716 and M. rotata

Sel. 1943 are an important feature of the resea¡ch reported in this thesis. This is part of the

ongoing pasture research program based at the Waite Institute which concentrates on the

ecological and management factors influencing the seed-seedling dynamics and productivity of

annual legume-based pastures.
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2. REVIEW OF LITERATURE

2.1 The Existing and Potential Role of Annual Medics

In the Mediterranean-type climate of southern Australia, the growth cycle of the self-

regenerating annual pasture legumes begins with germination of seed after the opening rains

and the establishment of a population of seedlings (Silsbury et ø1. 1984). Cocks (1969)

considered a true seasonal opening as receipt of >13mm from over a7day period, and since

such rainfall may fust occur any time between February and June, the processes of

germination and emergence may take place in quite contrasting environmental conditions in

different years. However, if rains fall too early whcn tempefatufes are high the annual

legumes rarely survive : severe losses through desiccation of seedlingsare nolmal during

February and March in southern Ausualia.

The role of annual legumes (including medics) in farming systems in Mediterr¿nean-climatic

zones is described by Carter (1974, 1975,1978): annual medics a¡e also being studied as

pasture legumes in the 500-800mm annual rainfall zone of subtropical eastern Australia

(Clarkson 1970). They grow and persist in this region as fa¡ north as Lat. 2.3S, and arc very

productive in years with adequate cool season rainfall (Russell 1969; Jones and Rees 1972).

Unlike southern Australia where a winter-growing season alærnaæs with summer drought, the

dry tropic region does not have a well-defined growing seasons, and germination of medics

may occur at any time of the year (Clarkson 1970).

Following settlement, annual medics (and clovers) became natu¡alised following accidental

intoduction and there were thousands of hecta¡es of medics (mainly Medicago tuncatula, M -

potynnrpha and M. minima) long before there was any organised medic seed industry. Seed

from the annual medics (Medícago truncatulaandM. scutellata) was first ha¡vested at

Noarlunga (south of Adelaide) in the mid-1930's (Trumble andDonald 1938; Trumble 1939).

Two factors rvere responsible for rapid spread of naturalised medic species : first, the

widespread use of superphosphate and second, the discontinuance of bare-fallowing in the

depression period of the mid-1930's. Since then both naturalised species and sown cultivars
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have played a key role in maintaining and improving soil fertility levels and improving the

quantity and quality of livestock feedin the areal belt of southern Australia with predominantly

neutral to alkaline soils andmeanrainfall of 25G500mm. Thus the ley farming system (annual

self-regenerating legume-cereal rotations) started @ay and Michelmore 1952; Donald 1960a;

Rossiter 1966; Donald l97}a;1970b; Geyænbeek 1974; Ca¡ter t974b, t975). The ley

farming system (annual legume-cereal rotations) was developed in the 1940s and became well

established in ttre cereal belt of southern Australia during the 1950s.

In addition ro the role of annual medics in the cereal belt annual medics are widespread in the

non-cultivated rangeland areas of southern Australia especially Medicago laciniata in the 150-

20$mm rainfall areas also M. polyntorplu n \ilatercourse aroas of these a¡id a¡eas. In total

there are probably 8Omillion ha of medic on cultivated land and adjacent arid rangelands in

(mostly) southern Australia.

Webber et al. (1977) summarized the specific advantages of the ley farming system that has

been adopted over the previous 30 years. The system increased soil fertility, improved soil

structure, increased pasture production, increased and stabilized livestock production,

increased cereal crop yields and gave better control of soil erosion (Ababneh 1983). The

annual medics are important components of the "ley farming system" where they are grown in

rotation with cereals @uckridge and French 1983).

The success of ley farming is closely linked with, on the one hand, the provision of high-

quality green feed and dry residues (including pods) in summer when the seeds of medics

provide ample digestible protein and, on the other hand, the natural regeneration of large

numbers of seedlings following the cropping phase (Carter 1981, 1982; Carter et al. 1982;

Cocks 19SS). Recently, with increased emphasis on developing sustainable farming systems

there is renewed interest in the potential role of annual legumes including medics in the Uniæd

States (e.g. Graves et al.1937) as well as Portugal, North Africa, western Asia and other

countries with simila¡ physical and environmental conditions-
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In Jordan, wherc medic species ar€ native, commercial Australian cultivars were introduced in

1980 by a joint Australian-Jordanian Dryland Farming Programme. These medic cultivars

showed successful growth in mild-winter ateas of the cereal zones . Earlier, Ababneh (1983)

reporæd that the cereal-fallo\{f system was the main featr¡re of freld crop production in the rain-

fed a¡eas of Jordan; 93Vo of ttre total cropped land comprising 529,000 hectares (Agricultural

Statistical Yearbook of lordan 1981).

While progress is being made to replace this cereal-fallow system by a ley farming system,

some difficulties need to be solved to achieve the advantages of the new system: some

ecological and poor management factors which affect medic emergence, establishment and

growth in the fust year and regeneration in the following years need to be rectified. As a

contribution to solving these problems, a research program sta¡ted in 1986-1987. An

experiment (see Chapter 4) which included 19 cultiva¡s of genotypes M. scutellata, M -

truncatula, M. rigidula, M. rotato and M. polymorpla was conducted at three locations viz.

northern, central and southern Jordan. Seed of medics adapted to inland west Asia though not

available as commercial cultivars was available for æsting along with Australian medic cultivars

susceptible to damage by frost which in north-west Syria, can occur on up to 50 days (Cocks

and Ehrman 1937). Native species such as Medícago rigidula (L.), M. rotata andM. noeúna'

have now been selected which combine frost tolerance and adaptation to ley farming (Abd El

Moneim and Cocks 1986; Cocks andEhrman 1987).

From the 19 cultiva¡s and genotypes tested in 1986-1987, the four most-adapted and

productive ones were chosen for further study. An experiment (described in detail in Chapær

5) comprised four species of annual medics: two species were Australian commercial cultivars

(M. scutellata cv.Sava and M. tuncatula cv. Paraggio) and wo species were from cold-

tolerant genotypes (M. rigídul¿ Sel. 716 and M. rotata Sel. 1943) selected in the evaluation

program of the International Centre of Agricultural Research in Dry Area (ICARDA) at

Aleppo, Syria. These four genotypes formed the basic material for the studies reported in this
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thesis. A survey of the surviving native medic species in cultivated and uncultivated a¡eas in

Jordan formed part of ttris research prcgram.

Further study of the Fo\rrth responses of annual medics to ecological and management factors

is justifred on both practical and theoretical grounds. In a practical sense, it is imponant to

know if there are major differences benveen species or cultiva¡s of annual medics in response

to: (i) climatic factors such as rainfall and temperanre and (ü) Management factors such as

plant density sowing methd, depth of sowing, soil texture and mechanical defoliation. In

contrast to the ample rcsearch data for subterranean clover (Triþliwn subterranewtL.) which

shows the time course of dry matter growth to be strongly influenced by sowing rate and by

temperature, few data appear to be available for the annual medics. Although some workers

have examined change in dry matter during the growing season (Amor 1966; Poole 1970;

Adem lg77),few figrues for crop growth rate of medic swards are available in the literature.

There thus appears to be a need to describe and quantify the growth of annual medics which

a¡e of considerable importance on alkaline soils in the regions of Mediterranean climate; to

compare growth rates of medic swards with those recorded for subterr¿nean clover.

Annual species of Medicago are thc key to successful cereal-pasture fotations in the integrated

cropJivestock farming systems on the neuüral to alkaline soils of southern Australia (Carter

1974,¡n5,1981). However many medic stands have deteriorated in recent years due to deep

ploughing or poor management. This deterioration has promoted research on the adaptability

and productivity of local and introduced annual Medicago species. Indeed I-eeuwrick (1974)

suggested that the species used in Australia are, in west Asia, only adapted to a small area neÍìr

the Mediterranean Sea. However other species, including M. rígidula (L.) All., M. rotata

Boliss. a¡d M. mínima (L.) Bart, occur in inland areas where there is a risk of frost. It is

therefore of great pracúcal importance to study the frost tolerance of these inland species in

comparison with the Australian cultivan. Therefore, current rtsearch presented in this thesis

aims to idenúfy and quantify the effects of ecology and management on the adaptability and
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productivity of some new Medicago cultivars grown in Jordan and southern Australia and

comparc these with existing Australian medic cultivars.

2.2 Ecology and Distribution of Annual Medics

2.2.L Geographic Origin of Annual Medics

The semi-a¡id areas of west Asia have a Mediterranean climate with an annual rainfall of 250-

500mm occurring during the months of October to May. In the drier a¡eas the predominant

land use is cereal production in rotation with cultivated ba¡e fallow but, as rainfall increases,

lentils (Lens culíturis Med), Chicþeas (Cicer arietimt¡nl.) and vegetable crcps replace the

ba¡e fallow. Livestock production (mainly sheep and goats) is based on feeding the grain,

str¿w and stubble of cereals and grain legumes, and $aø:lurg of native pasture (Cocls 1985).

In Jordan, a few farmers grow common vetch (Vícia sotiva L.), bitter vetch (V. ervilial.) and

chickling vetch (Lathyrus spp.) all three of which are either gnzndor harvested as hay or grain

and straw.

It is important to increase livestock production in these areas and one promising way of doing

so is to use the otherwise unproductive fallow for self-regenerating pastures based on annual

legumes. This ley farming system (Carter 1974, 1975, 1977, L978, 1980, 1981, 1982;

puckridge and French 1933) is used widely in southern Australia where pastues comprise

subterranean clover Qrífutíum subterranean L.) and several species of annual medics

(Medicago çuncatula Gaertn., M . littoralís Rhods ex Lois., M . rugosa Desr., M . scutellataL.'¡

Miller, M. tornata (L.) Miller, andM.polymorphnL-)-

As a result of ha¡d-seededness these annual legume species are able to survive the cereal phase

and regenerate a volunteer pasture phase which can be gtazed by livestock. Attempts have

been made to introduce ley farming based on annual medics, which unlike subterranean clover,

are adapted to rhe atkaline soils (Robson 1969) which are widespread in west Asia. These

attempts have often failed because the commercially-available Australian medics appear to lack

frost tolerance (Bailey 7967; Van der Veen 1967; Tamimi 1976; Kernick 1978). Variation in
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fr,ost tolerance occurs among European populations of several perennial gfasses (l-orcnzntí' et

al.l97l),and ecotypic differentiation in other cha¡acters has been found among Mediterr¿nean

annual legumes, especially in Australia where they have been present for about 100 years,

(Woodward and Morley 1974; Donald and Neal-Smith 1937). Indeed, substantial genetic

change has occurred in subterranean clover in only 19 years (Cocks et aI.1982) which is

consistent with the remarkable adaptation of Agrostis tenuis and, Anthoxanthum odoratwnto

soils contaminated with heavy metals (McNeilly 1968; Antonovics 1972) or improved wittr

lime (Snaydon and Davies 1976). It is thus very likely that variation in frost tolerance occurs

both wittrin and between medic species.

Cocks and Ehrman (1987) reported the variation in the frost tolerance (frost survival

percentage) and the origin of seven species and cultivars of annual medics as shown in Table

2.t.

Tabte 2.1 Frost tolerance of annual medic species

Species Some Agronomic
Characters

M. polymorpha

M. scutellata

M. tntncatula

M. truncarula

M. rígid.ula

M. rígidula

M.rotata

Early flowering;
spineless pods

Upright growth;
large spineless pods

Early flowering;
short spiny pods

Mostpopular
Australian cultiva¡

High herbage
yield

Very high seed
yield

Upright growth;
large spineless pods

Frost
Survival

(7o\

Cultivar Name
or Accession

number

Origin

2L

98

90

5

7

t4
t4
95

Coolgardie
Australia *

Noarlunga
Australia *

Cyprus

Forbes
Australia #

Jisr Al-shougr
Syria

Terbol
I-ebanon

Azaz
Syria

Circle Valley

Robinson

Jemalong

Selection 716

Selection 1919

Selection 2123

Cyprus

* Mackay (1982) # Barna¡d (1972)
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The fust four are Australian cultivars and the final three a¡e ICARDA selections. The frost

tolerance was expressed as the percentage (at 35 days after establishment-count) of the orignal

population surviving until 12 Ma¡ch 1985 and was related to the environment of origin.

2.2.2 The Frequency and Distribution of Annual Medics

The genus Medicago is native to western Asia and the Mediærranean region though many of its

annual speæies have become naturalized over wide areas of the world (tleyn 1963). Medics a¡e

the most widespread annual pasture legumes in southern Australia. The Australian cultivars of

annual medic are adapted to a Mediærr¿nean climate with wet winters and dry summers. Most

cultivars grow best in alkaline soils receiving from 300-500mm of rainfall each year. The

distribution of the annual medics is influenced by the degree of spininess of pods and by a

multitude of edaphic and climatic factors @obson 1969). Species with pods which adhere

frrmly to wool or hair of animals generally have a wider distribution than those with smooth

pods (Andrew and Hety 1960; Heyn 1963; Crawford 1973). The narural disnibution of M.

arabícais probably restricted by its requirements for deep, well-drained and very fertile soils.

Also, within a zone favourable to medics, distribution of species is affected more by soil

variation than by variation in climate (Andrew and Hely 1960). Medic species like M.

constricta appear to be prevalent only in a¡eas having deep brown soils. These soils have an

alkaline surface reaction and a silt fraction of 55-60 (Buringh 1960). Such species have now

spread to other parts of the world and most of them have become well established in the zones

with Mediænanean-like climate.

In Australia, Ewing (1933) reported that a high proportion of most commercial medic cultivars

were selected from direct introductions of genetic material from overseas or by breeding from

introduced material. Relatively few of the successful culúvars are Australian ecotypes, or bred

from Australian ecotypes. This contrasts with the situation for subterranean clovers where

most varieties are locally-collected ecotypes or have been bred from local ecotypes. Important

exceptions among medics are Jemalong, Hannaford and, more recently, Circle Valley. The

imported material which has been used directly as varieties such as Cyprus and Harbinger, or
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as parent material for crosses such as Tornafield and Serena, comes from geographically-

diverse sonrces $ able 2-2) -

Table 2.2 The origin of Australian cultivars of annual medics

Species Source

M.tntncøtula Naturalized, South Australia
Naturalized, New South Wales

Cyprus
Cypnrs x two other genotyPes

Tunisia
Jo¡dan
Israel

Choss of ¡vo South Australian lines

M.líttoralis

M. rugosa

Iran via California

Pornrgal
Italy

Pornrgal

M.torruta United Staæs of America x Israel
Naturalized

Libya

M. polyrnorpha Naturalizedx Chilean
Naturalized Western Austalia

M. scutellata Naturalized South Australia
Selected from commercial snail

South Australia.

Introduced
via German Democratic RePublic

via Russia

M. rigídula Syna
I-ebanon

M.rotata Syna
Turkey

# Source: Cocks and Ehrman (1987)

Several medic species were accidently introduced into Australia by early settlers in the 1800s

and these have spread widely by natural means, often in wool. The common nanralized

medics in eueensland are burr medic (Medícago polymorphø) and woolly burr medic (M.

Cultivar

ICARDA selection
Sel. 716
Sel. 1919

Cyprus
Cyfield

Sava

Harbinger

Hannaford
Jemalong

Bonrng
Ghor
Akbar
Ascot

Paragosa
Paraponto

Sapo

Tornafield
Murrayland

Swani

Serena
Circle Valley

Robinson
Sair

SeL.2t23
Sel. 1943
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miníma). These are often seen on roadsides. Other species which occur less frequently in

sourhern euecnsland are cutleaf medic (M.lacíniata), button medic (M. orbicularis) and black

medic (M. lupulinø). Additional species a¡e found in southern states. Subsequent to

nanralization medics have been developed as commercial cultivars of pasture plants in

southern Australia.

In rordan and most areas of west Asia and North Africa drought conditions over the past 30

years and poor management (heavy $azÍtgprcssure, deep sowing and deep tillage) have all

caused abnormal reduction of medic seed-reserves and consequent seedling density and had fa¡

more influence on yield and botanical composition than did the initial medic populations.

However, where zqro or shallow cultivation was used and grazing \ilas less severe there were

signif,rcant correlations between medic-emergence-survival (February-March) and September

seed reserves (Carter 1g74,1975,1978,1981; Carter et al. 1989) reported that grazing sheep

can seriously deplete potential medic seed reserves and that this may result in grossly

inadequate seedling density. Medic seed reserves in the top 5cm of soil a¡e a reliable indicator

of potential density and productivity of medic pastues (Carter 1982). For this reason core-

sampling techniques have been developed to enable farmers to assess their needs for sowing

additional medic seed before the autumn rains (Carter 1988; Carær et aI- 1989).

On the neutral and alkaline soils of New South Wales, naturalized annual medics (Medicago

polymorpha; M. minima), and the sown barrel medic culúva¡s Jemalong and Cyprus (M.

truncatula) are important pasture legumes (Moore 1970). In northem New South Wales the

development of native pastures containing annual medics by the application of fertilizer has

been proposed (Hilder and Spencer 1954; Sheridan 1973), and in the southern and central

western wheat-sheep belt, medics have been included in ley pastures in crop rotations to

increase soil organic matter and nitrogen (Brownlee and Scott 1977).
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2.2.3 Development of Native Medic Cultivars More Suited to Jordanian
Condidons than those Introduced from Australia

The commercial Australian cultiva¡s of medic are susceptible to damage by frost, which in

north-west Syria, can occur on up to 50 days (Cocks and Ehrman 1987). Native species such

as Medicago rigiduta (L.), M. rotata, andÚ. rurednt have now been selected which combine

frost tolerance and adaptation to ley farming (ABD El Moneim and Cocks 1986; Cocks and

Ehrman lggT). Therefore, the Australian cultivars are not particularly suited to Jordanian

conditions. The small size of seeds ftom M. linoralis and M. truncotula often leads to poor

emergence and establishment of first year pastues. Va¡ious aspects of the Australian cultivars

have been en¿ouraging, for example, M. scutellata, cv. Robinson has established well,

producing moderate levels of forage and seed when sown at heavier rates e.g. 4Okglha to

simulate a regenerating pasture and the regeneration of annual medics has been good when

suf¡rcient seed had been set and not over-grazed during summer and autumn (Carær 1981).

Initialy medics can be grown productively in the marginal areas of the cereal zone. The annual

medics have shown some potential in terms of producing a good pasture. However, lines

which are betær-adapæd and more-productive are needed to exploit this potential. Farmers will

only become interested if highly-productive pastrues are reliably produced and the Australian

cultivars are not capable of doing this. Some more cultivated Medicøgo species have been

showing this poæntial production, particularly M. ri gidula and M . rotato (Bull 1984).

2.3 Evaluation of Annuat Medicago Species

2.3.L Historical Background of Annual Medics in Australia

Annual medics originated in the Mediterranean region (Heyn 1963). The spiny burrs of many

species of annual medic have helped disperse them widely from their centres of origin. The

pastures of the agricultural areas in South Australia contain both native and exotic herbage

plants. Twelve species of annual medic were recorded in South Australia and twenty new

species were introduced (Trumbte 1939). Up to the late 1930s South Australia's cereal zone

had been exploited by extensive cropping on fallow. Under the fallow-wheat system, much of

the natural soil fertility was exhausted, soil erosion was acute in many areas, soils were
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difficult to work because their structure had been broken down and there was insufficient

forage to feed the increasing numbers of livestock (Webber and Williams 1977). Annual

medics are used as the key to successful cereal-pasnrre rotations in the integrated crop-livestock

farming system (Carter 1981). During recent years some 46 million hectares have been used

annually for crops and sown pastures (15m.ha. crops, 3m.ha. fallow and 28m.ha sown

pastures Carter (Lg7S). Annual medics generally appear more sensitive to soil acidity and

more tolerant of soil alkalinity than subterranean clover (frumble and Donald 1938).

Western Australia is one of the many parts of the world where a number of accidentally

introduced medic species have become naturalised. It is likely that these a¡rived early in the

agicultural development of the state. They most likely came here from western Europe and the

western Mediterranean. Though subterranean clovers led to the way in Western Australia's

improved pasturo boom of the 1950s and 1960s, farmers and scientists soon realised that some

soil types and situations did not suit sub clover at all. The forest soils of the wheat belt were

typical of these. They were the well-favoured clay loams which usually were alkaline. But

volunteer medics seemed ro grow well there, particularly burr medic and Goldfield medic.

Unforn¡nately, these plants had very spiny burrs which contaminated wool. Then in the late

1950s, some commercial ba¡rel medic (Medícago truncatula) was introduced from South

Australia, it had a prolific growth habit and its burrs werc not as spiny as the volunteer species,

but it matured too late for most of the short growing season wheatbelt districts.

It was not long before better-suited, earlier-maturing lines were being sought to take advantage

of the situation. Like the sub clovefs, pasture medics have suffered considerable decline,

resulting targely from the poorer returns from sheep and wool relative to wheat in the

wheatbelt, a series of droughts, and the continuous cropping system now developing.

Nevertheless some farmers are looking again to legume-based pastwes as part of a longer term

rotatlon.
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The most common naturalised species in Australia a¡e bur medic (Medicago polymorpln),

Goldfields medic (M. minima) and cut leaf medic (M.lacíniarø). Other species that have be¡n

recorded but are not widesprcad are M. praecos, M. arabíca, M. intertexta andM. orbicularís-

In their natural Mediterranean environment annual medics grow over a wide range of soils,

temperaturp regimes and growing seasons. They are found most commonly on alkaline soils

but some species are found on mildly acid soils. In the Mediterranean region, light alkaline

soils are common, and medics are widespread on these soils. Some medic species such as M.

tntncatulaoccgr more commonly on the more fertile soils while others are common on less

fertile soils. An example is M.littoralis which is common on sandy sea shore areas. Other

species, particularly M. potymorpha arewidespread, growing in association with M. tuncarula

on heavy alkaline soils and with species such as M. arabíca, M. truncatula andM- murex on

infertite and acid soils (Francis and Gillespie 1977).

The range within species is also g¡eat. Flowering times for Mediterranean ecotypes of M -

truncatula mnge f¡om 66 to 136 days afær sowing, and there is a strong relationship between

time from germination to flowering and length of growing season at the sites from which the

material was collecæd (Cocks, Mathison and Crawford 1980). Whereas sub clovers are rarely

found in their natural environment in areas with less than 450mm annual average rainfall,

medics are common in a¡eas with rainfall as low as 100mm annual average. One species, (M.

laciniata),grows in North Africa on sandy soils with rainfall down to 50mm annual average-

2.3.2 Importance of Annual Medics in Farming Systems

pasture legumes, mainly the annual self-regenerating medics (Medicago spp.) and clovers

(Triþtiown spp.) are worrh at least $US2,500 million each year to the crop and livestock

industries (Ca¡ter 1981). Although these pasture and forage crop legumes are normally

renewable resources, in recent years many legume stands have deteriorated from poor grazing

management, new pasture pests and other causes (Ca¡ter et al.1982). Annual medics are of

considerable importance in a¡id and semi-arid regions, because most of them are drought

resistant and can survive under low rainfall. They provide valuable forage and pasture for the
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livestock sector an4 like other pasture legumes, medic owes its importance in agriculture to its

ability to fix nit¡ogen which increases soil fertility and replaces the need for mineral nitrogen

fertilizer application to cereal crops. Medics are ideal legumes for inclusion in ley farming

systems because they are self-regenerating and can produce seed under limited moisture

conditions @ownes 1969). In Australia, medic leys have been acknowledged for restoring

declining soil fertility, improving quantity and quality of wheat yietd and providing livestock

feed during non-cropping years of the fotation (Webber and Bicknetl 1973)'

Generally, Australian soils are very low in soil nitrogen but we rely on well adapted introduced

pasture, forage crop, and grain legumes to maintain and/or increase levels of soil nitrogen by

way of symbiotic nitrogen fixation. These pasture and forage crop legumes, notably

subterranean clover eriþliurn subterraneurn),theannual medics mainly (Medicago tuncatula)

and the perennial lucerne (Medícago sativa) in southern Australia. The net increment of soil

nitrogen resulting from symbiotic nitrogen fixation varies with productivity of the leguminous

sward being generally in the range 50-150 kgN/Tra/yea¡ under rainfed conditions. This

nitrogen accumulated under grazndpasture provides the major nitrogen requirements of our

cereal crop production as well as maintaining the ongoing productivity of the permanent

pastures in our higher rainfall areas. The annual increment of soil nitrogen from grazed

leguminous pastrrres in Australia was estimated at US$2500 (Carær 1981)'

The importance of legume-based pastures for maintaining the fertility and strucn¡re of soils in

the wheat-sheep producing regions of Australia is well recognized (Donald 1965; Greenland

L9ll:Iæigh and Noble lg72). In the ley farming system of southern Australia ba:rel medic

(Medicago truncatulaGaertn.) plays a major role, particularly in drier arcas and on alkaline

soils (Amor 1965; Webber lg75). Most of the annual medics found in Ausralia have been

introduced fortuitously. These are of considerable economic importance to the wheat, wool

and meat-producing industries in the semi-arid regions of the continent, because they are the

only pasture legumes of any consequence which occur there @eadle 1948)'
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In southern inland eueensland (Lat. 24-29o5, mean annual rainfall 500-800mm), native

pastures are the major source of feed for sheep and beef cattle (Keating 1967; Weston ¿l ¿1.

tg75). Although these pastures are of adequate quality from late spring to early autumn,

animal production in ttre cooler months is poor (I-ee and Rothwell 1966; Alexander and Beattie

1g6g; Russell 1gg5) owing ro protein shortages in the feed (Milford 1964; Addison ¿r ø1.

19g4a). Nitrogen defrciency also limits pastr¡re growth (Graham et al. L98l; Lloyd and Hilder

1985). As hand feeding of proæin-rich supplements is expensive and not readily accepted by

gfaziers, other approaches are to use stand-over summer-growing legumes such as the shrub

Leucaena (Addison et at. 1984b) or to g&ze more winter-active legumes such as lucerne.

Summer-growing herbaceous legumes have so far been unsuccessful because they cannot

withstand dry summers and cold winters. However, winter annual legumes can grow and

persist on many soils, the most adapted species being the annual medics (Russell 1969;

Clarkson 1970;Jones and Rees 1972).

2.3.3 Current Interest in Annual Medics

Today there is strong interest in medics in several areas in response to increased intensity of

cropping. In the wheat belt, especially the drier parts, medics have survived and are

regenerating after crops, even following the series of dry seasons. Under the same

ci¡cumstances, subterranean clovers have almost disappealed from most low rainfall wheatbelt

pruitures on light acid soils. A number of factors contribute to the better performance of medics

compared to sub clover in farming systems: the fîrst factor is hard-seededness. Persistence of

annual plants in the Mediterranean environmont is dependent both on the level of seed

production and the efficiency of its subsequent germinations. Both medics and sub clovers

produce a proportion of seeds that do not germinate in the year following their production.

These seeds are known as hard seeds, and become capable of germinating over time as a result

of being subject to widely fluctuating temperatules on or in the soil during summer (Quinlivan

1961). Although within-and-between species va¡iation occurs, the rate of softening of hard

seeds among medics is generally much slower than of sub clovers, so that after three summers

a substantial reserve of ha¡d seed of medics remains (Quinlivan, unpublished data)-
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The second factor is the drought tolerance: Medics have been shown to be deeper rooted than

subterranean clover on sandy soils (Ozanne, Asher and Kirton 1965). This may be an

explanation for the ability of medics to set seed under adverse moisture conditions so cornmon

in spring in low-rainfall areas. It also has been demonstrated that time from flowering to pod

manrrity is reduced by moisnrrc stress in medics (Clarkson and Russell 1976).

Another contrasting situation between sub clovers and medics is the site of seed production.

Medics produce their seed above the ground, while sub clovers, as their name implies, tend to

bury their seed for efficient seed protection. If seed burial is not possible or is impaired by a

ha¡d soil surface layer, then seed yield and quality can be reduced drastically (Collins, Frances

and Quinlivan 1976). Many wheatbelt soils form a hard surface layer as they dry out, and

conditions which will impair seed burial occur often in these environments. This increases the

percentage of surface burrs of sub clover and greatly increases the loss of clover seeds or

medic seeds through grazing (Carter 1981; de Koning and Carter 1989; Carter et al.1989).

Medics and clovers are the main pasture legume used in tey farming systÊms and successfully

used in Australia and some other countries with a Mediterranean climate. In general, we can

increase livestock production on sown pastures by expanding the grazing areas, increasing

pastue and forage crop production per unit area (yield), increasing stockrate (utilization) and

increasing production per head (efFrciency). There is no merit in increasing the production of

pasture unless there are sufficient grazing animals to efficiently convert that extra pasture into

livestock products. This involves a consideration of the optimal level of utilization of the

pastue and the choice of appropriate stocking rates (Carter 1988).

In Australia some 40 million hectares of crop and sown pasture land is dependent on legumes

to provide soil nitrogen through fixation and to guarantee quantity and quality of livestock feed

(Carter 1931). Annual legumes are used extensively in temperate Australia as a means of

increasing soit fertility, pasture productivity and pasture quality. Annual medic species are

better adapted than other annual legumes to the extensive calcareous soils of southern Australia
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(crawford 196g). Attempts to establish and maintain legume pastufes are not uniformly

successful throughout the cereal a¡eas, but on alkaline soils, ba¡rel-medic (Medicago

truncatuto) and burr m 4lic (M. polytnorpta) establish readily (Webber and Williams 1977).

The most widely sotvn species is barrel medic, Medicago Ûuncatula Gaertn., which has

fulfilled the predictions that were made when attention was fust drawn to its value (Trumble

lg3g). Heyn (1963) described three va¡ieties of M. truncatula,viz.v.Truncatula,v.

Longeoculeala, and v. Tricycla. The collection studied is predominanrly M. truncatula v-

Truncatula. A few accessions of v. I-ongeoculeata,found occurring throughout the range of

the species, are included. M. truncatula v.Tricycla is ra¡e: Negre (1956) regarded it as

restricted to the margins of the arid zones.

The wide variety of soils and climatic conditions in the cereal zones influence the choice of

medic species, cultiva¡s and mixtures best suited to the particular locality. In recent years the

development of new medic cultiva¡s has extended the area over which higtrty productive medic

stands can be grown. In the past, naturalizÊÃburr medic has predominated in some a¡eas, but

problems of burrs in wool and the availability of newer medics with more desirable features

have brought about is replacement. The main medics grcwn in South Australia are:

1. Barrel medic (Medicago truncatula) cv. Jemalong, Hannaford, Cyprus and Borung.

2. Strand medic (Medicago littoralis) cv. Harbinger and Harbinger A.R.

3. Gama medic (Medícago rugosa) cv. Paragosa.

4. Snail medic (Medicago scutellata) cv. Sava and Robinson'

5. Disc medic (Medicago torrøta) cv. Tornafield

2.3.4 Yielding Ability of Annual Medics

The increase in herbage yield of a plant community is consequent on the operation of a system

composed of many interacting sub systems or growth processes, such as photosynthesis,

respiration, transpiration, water uptake, nutrient uptake and the partitioning of assimilate
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between plant parts. Herbage yield and plant morphology change with time, with surrounding

environment and with the operation of plant competition. The daily net uptake of carbon

dioxide by a plant canopy provides and example of the way in which the rate of a process, o.8.

leaf photosynthesis, is modified in ttre community by change in environmental conditions since

the photosynthetic response of a leaf to irradiance depends on the conditions under which the

leaf was grown (Kumura 1969). Likewise, response in respiration to immediate change in

temperature depends on the temperaturc at which the plants were grown @earson and Hunt

t972b).

As the ability to predict development is an important requirement in modelling plant growth in

field situations (Russell lg77) it appears worthwhile to study the growth and development of

medics under controlled conditions, thereby establishing the values of parameters to use in a

function describing their field behaviour. An early assessment of the role of dark respiration as

a factor in plant production, as distinct from a plant physiological phenomenon, was made by

Monsi and Saeki (1953) who considered the rate of respiration per unit ground area to be

proportional to the amount of herbage present. Subsequently de Wit (1965), in his model of

canopy photosynthesis, assumed the loss to be proportional to the daily photosynthetic gain.

The growth process in pasture legumes is the most important factor in measuring the

productivity and yielding ability of any crop. Our major pasture legumes (annual medics,

subterranean clover, lucerne, stra'wberry clover and white clover) are well adapted to growing

while being grazßdbecause the plants have large numbers of growing points near ground level.

These growing points tend to escape grazingand therefore provide numerous "take off'points

for regrowth. What are these growing points? Plants are composed of multitudes of cells of

different kinds. For the plant to grow, the number of cells has to increase. Growing points

are centres of activity where new cells are continually being produced and grouped into the

tissues of new leaves, stems and roots, and eventually flowers and seeds.
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The growing points of our pasture legumes arc at the tips of main stems and branches and of

roots. They leave the new cells behind them as they push ahead. If a growing point is nipped

off, no more new cells are produced on that branch and it stops grcwing. On a well-developed

plant there are normally multirudes of growing points. The more there are left after gr:azrrtç,

the more quickly will new leaves appear. In the annual medics, barrel medic and some other

species develop a system of prostrate branches like that of the sub clovers, especially under

close grazing, with more upright types like the snail and gama medics, gtazlng may need to be

more carefully contnolled to avoid destroying too many gfowing points.

In alt legumes, the growth of leaves, stems and roots is accompanied by the development of a

system of root nodules housing Rhizobium bacteria. Rhizobia fix nitrogen from the soil

atmosphere and pass it on for use by the plant. Signs that nitrogen f,rxation is proceeding

satisfactorily are the presence of large nodules with pink coloured flesh and large, healthy

green leaves.

While the presence of many centres of cell production is important for recovery from grazing, a

source of energy to drive the gtowth process is equally essential. That source is solar

radiation. Plant leaves trap certain parts of the sun's energy and use it in the manufacture of

material needed for growth. The process of using the energy of the sun to manufacture

carbohydrates from carbon dioxide and water is called photosynthesis. Increase in total plant

production can be obtained as the difference between net photosynthetic gain during the day

and dark respiration loss at night. The ratio of dark respiration loss at night to net

photosynthetic gain during the day indicates the contribution of dark respiration to dry matter

production (Fukai and Silsbury 1977). The ratio changes from day to day with environmental

conditions (Agata et al.l97l).

Although the contribution of medics in mixed farming areas of temperate Australia is well

known (Amor 1965), there are many strains of several medic species available for testing in

Australia (Cocks et aI. L98O). Barrel medic (Medicago tuncatula Gaertn.)l is widely sown in
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much of the drier portions of the wheatbelt. The ea¡liest sowing were made from a strain

found at Noarlunga in South Australia (frumble 1939). Although there was much va¡iations

in this commercial species, Amor (1966) reported that Ha¡binger medic produced more

herbage than commercial barrel medic. Barrel medic 173 was also better than commercial

bar¡el medic, but not as good as Harbinger medic. cyprus barrel medic was little different

from commercial barrel medic. There were no consistent differences between the cultivars in

spring production, on the other hand Harbinger medic had greater early production. Also,

Harbinger medic consistently produced a greater weight of pods than commercial barrel medic

(laær named cv. Hannaford) and barrcl medic 173 (later named cv. Jemalong), and the weight

of C¡prus barrel medic pods was greater than that of commercial banel medic and barrel medic

173. These differences were more pronounced when the number of pods and seeds per square

linkTt were compared, the smaller-seeded Harbinger medic and to a lesser extent Cyprus

barrel medic, being more prolific than the other cultivars. Later-manuing cultivars produced as

much herbage in spring as Harbinger medic, and may be more useful in finishing off late

lambs by extending rhe period of green feed until late October. Both Harbinger medic and

Cyprus barel medic flowered about 14 days earlier than commercial barel medic and barrel

medic 173 (Amor 1966).

Seed production is another criterion that can be used to comparc the value of annual medics. It

has a twofold role. High seed production coupled with ha¡d-seededness enables a cultivar to

persist in areas where dry years are common or where the land is cropped frequently. It also

provides a valuable high-protein supplement to dry paddock feed during the summer.

Commonly the whole pods comprise c.2OVo protein @.D. Carter - Pers. conun.)

Formerly known as Medícago tribuloides Desr.

Im2: c.25 square links

T

rt
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Winter production of annual pastures is important and differences do exist between annual

medics (Amor 1966). Poole (1970) reported that the most common annual medic pastures

sown in'Western Australia are the barrel medics, Cypnrs and Jemalong and Harbinger medic.

Quite large differences arç found between species for pod and seed production. Tornafield had

a much higher seed weight to pod weight ratio than the other medics and, although Harbinger

had the highest pod yield, Tornafield produced more seed.

Quinlivan (1965) found that Cyprus ba¡rel medic had a high potential for hard seed production

resulting in poor rcgeneration in some years. Amor (1966) reported that Harbinger medic

produced more winter herbage and more seed than the two late-maturing barrel medics

(commercial barrel medic i.e. cv. Hannaford and barel medic L73 i.e. cv. Jemalong, and is

well suited to the drier parts of the wheat belt. Crawford (1962a) reported an 85 to 102 percent

increase over commercial barel medic in winter growth. Cyprus ba¡rel medic is also early

maturing and has a high level of seed production. Both Argyle (1962) and Crawford (1963)

reported better winter growth from Cypnrs barrel medic than from commercial ba¡rel medic.

Ba¡rel medic 173 matures at the same time as commercial barrel medic, but makes a higher

production of its growth in winter. This has also been reported by Andrew and Hudson

(1954), Buckley (1960), CTawford (1962b) and Anon, (1963), although it has not performed

well in Western Australia (Argyle 1962). Under wet conditions, it may suffer from chlorosis

and retarded winter growth (Anon. 1963).

Annual Medicago species have been shown to be productive and have the advantage of quicker

forage production than other temperate legumes (Bowdler and Lowe 1980). Success of annual

medic species in cereaVpasture rotations in South Australia has depended on high seed yields

and adequate proportions of hard seed. In recent years, Sitona weevil (Sitona discoidens),

spotred alfalfa aphid (SAA) (Treioaphis triþlit) and blue green aphid (BGA) (Acyrthosiplnn

kondoi) have greatly reduced medic productivity (Tow and Hodgkins, 1982).
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2.3.5 Leaf Photosynthesis and its correlation with Leaf Area

The influence of I-eaf Area (LA) on gas exchange traits and other leaf characteristics may be

important in assessing the relationship of COz exchange rate (CER) to yield. Many attempts

have been made to relate CER to yield of crop plants and to select plants for high CER in

order to improve yield- In most comparisons of crop genotypes, the relationship of leaf CER

to yield was found to be poor @ornhoff and Shibles 1970; Berdahl et al- 1972; Bhagsa¡i

1gg1), probably because cER measurements inadequately represented the total seasonal

photosynthesis of the plant canopies (Zelitch 1982). In some cases' close correlations have

been observed and in others there werc no correlation'

Specific leaf weight (SLw) is one leaf characteristic most often correlated (positively) with

CER @ornhoff and Shibles 1970); Delaney and Dobrenz 1974; Dornhoff and Shibles 1976;

and Hesketh et at. l98l), but in some studies the ¡vo were not related (Heichel and Musgrave

1969). Leaf thickness, a major component of SLW , was positively correlated with CER in

Soybean Glycíne max (L.)Merr @omhoffand Shibles 1970) and alfalfa (Medicago satívaL-)

@elaney and Dobren z lg74). Significant negative correlations have been observed betrveen

cER and leaf area in genotype comparison of alfalfa (lucerne), also leaf area showed

significant correlations with dark respiration for alfalfa @elaney and Dobrenz 1974)'

Maximum photosynthetic rate and Leaf Area Index (LAI) decreased as plants aged (Jeffers and

shibles 1969). shibles and weber (1965) found that soybean communities exhibited a critical

type of LAI response (rate of dry matter production increases with increasing leaf area,

attains a maximum, and does not change with further increase in leaf area). Saeki (1960)

hypothesized that the optimum leaf area index increases as light level increases. Jeffers and

Shibles (1969) reported there was no detectable interaction of temperature with solar radiation

or of temperature with LAI on photosynthesis. A critical LAI of 3-6 - 4-2 occurs' evidently,

because respiration of shaded leaves is minimal'
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Forrestcr, Krotkov and Nelson (1966) have demonstrated a light-induced respiration in

soybeans; CO2 is evolved evidently as a result of breakdown of a photosynthetic product.

This suggests that respiration rates could be proportional to photosynthesis. If so, shaded

leaves would have low respiration rates. In an a¡ea of low solar radiation, a genotype that

terminates leaf production at the critical LAI would have an advantage in seed production over

a gonotype which produces excessive foliage at the expense of seed. In a high radiation

environment, maximum yield might be achieved by a genotlpe capable of producing leaf area

at the fastest rate. But, cultural practices and field problems, such as disease and low fertility,

may limit leaf production in soybeans to less than critical LAI (Jeffers and Shibles 1969)-

Shibtes and'Weber (1966) found a critical LAI of 3.6 for 25cmrows and 4.2for the standard

100cm rows. The response of crop photosynthesis at low LAI to va¡iations in solar radiation

shows that saturation occurs when upper leaves are individually saturated, and that additional

radiation is reflected or absorbed at the soil level. kr high LAI canopies, increases in radiation

cause increases in photosynthesis of leaves in partial light, even when fully exposed leaves are

saturated; hence crop photosynthesis increases to highest light levels (Jeffers and Shibles

1969). These responses are somewhat different from those reported by (Sakamoto and Shaw

1967), who observed saturation in high LAI canopies. However radiation saturation appears

to occurif æmperaore exceeds an optimum.

Fukai and Silsbury (1978) reported that LAI was an important determinant of herbage

production up to about 2000kg/ha, and that increased maintenance respiration at a dry matter

yield above about 6000kg/Ta resulted in a decreased growth rate. As the LAI rises, a stage is

reached at which the lowest leaves are only sufficiently lit to be at or just above compensation

point. Such a LAI has been termed "the optimum leaf a¡ea index" (Kasanaga and Monsi 1954;

Davidson and Donald 1958) or "the marginal compensation area" (Davidson and Phitlips

1958). This is the situation in which all leaves are making a positive or neutral contibution.
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If there is a further increase in LAI, the lowest leaves will be so poorþ lit that their respiration

will exceed ttreir photosynthesis. They are in negative balance, their weight declines, and the

rate of dry matter increment of the whole swa¡d is less ttran it was at the optimum leaf area

index. Several experiments at Adelaide (Davidson and Donald 1958; Stern and Donald 1962b;

Black 1963) have demonstrated an optimum leaf area index in swa¡ds of subterranean clover.

For example, in one snrdy the crop growttr rate fell by about 30 per cent as thc leaf area index

rose from 4.5 to about 8.7

2.4 Growth Response of annual Medics to climatic Factors

2.4.I Growth Response of Annual Medics to Temperature and Plant Density

Not only are annual medics of great value in the Mediterranean zones, but also medics have a

grcat potential as winter legumes in agricultural areas of subtropical eastern Australia where the

mean winærrainfall (April to September) exceeds l80mm (Clarkson and RusselllgTg)-

The seasonal pattern of growth is a major feature of the growth of annual pastures in a

mediteranean environmenr Yield early in the growing season when feed is normally scarce is

an important determinant of carrying capacity. Two factors known to influence pasture

productivity ar this time are plant density and temperatue (Adem 1977; SilsbW et aI1979)- It

is known that flowering in medics is greatly affected by the interrelationship between

tempemtgre, including vernalization responses, and photoperiod (Aitken 1955; Clarkson and

Russell Ig75). In some species, such as M. scutellafc, temperature appears to be the main

factor controlling flowering but in others, such as M. Ûuncatul¿, there is an interaction between

temperature and other factors (Clarlson and Russell 1979).

In inland'West Asia the commercial Australian medic cultivars arc susceptible to damage by

frost which, in north-west Syria, can occur on up to 50 days (Cocks and Ehrman 1987).

Native species such as Medicago rigidula (L.), Medicago rotatt and M. noearut have now been

selected which combine frost tolerance and adaptation to ley farming (Abd EL Moneim and

Cocks 1986; Cocks and Ehrman 1987). The influence of temperature on the growth of
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temperate pasrure species has been measured with spaced plants (Miæhell 1956; Morley 1958;

Mitchell and Lucanus 1962; Broue et al. 1967; Silsbury 1969; Scott 1970). These temperate

species grow fastest at a temperatue of about ?ß-257o. However, Cocks (1973) reporæd that

growth response to temperanue depended on the LAI.

The studies of Donald (1951,1954) showed that, whereas the end-of-season yields of plants

such as subterranean clover and Wimmera ryegrass were independent of sowing density over

the range of about 150-30,000 plants m2, yield in early winter was strongly density-

dependenr The higher the sowing rate, the greater the early growth and the earlier the growth

rate became consrant (Black I96y'). Donald (1954) showed that the number of seeds per burr

(inflorescence) and seed size of subterr¿nean clover Qríþliown subterranean) increased with

sowing rate, seed size increasing by less than number of seeds per burr. Neither factor

affected yield as much as number of burrs per plant which was greatest at low density.

The general assumption has been that plants growing in communities respond to temperature in

a similar manner to spaced plants. Morley (1961), in criticizing Black's (1955) conclusions

about the non-importance of temperature on pasturc growth in ttre Adelaide environment, relied

on data that he collected from spaced plants (Morley 195S). Fitzpatrick and Nix (1970), in

their model of dry matter accumulation by pasnne communities in temperate Australia made a

similar assumption. But these assumptions may not be true (Cocks 1969). In communities,

individuals compete and so their growth rates are slower than those of spaced plants (Stern

1965; White and Harper 1970; Harris l97l). Because of this restriction by other

environmental factors, the influence of temperature on the individual grown in a community

will almost certainly be less than on a spaced plant. Evidence for this view was provided by

Davidson et al. (1970) who found that after 16 weeks the dry matter yield of Tallarook

subterranean clover was not signifrcantly grcater atzzoC than at 12"C. Mitchell (1956) showed

that ttre gowth rate of the Mount Barker strain was maximum at about 20oC-
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In communities of non-nodulated subterranean clover the optimum temperature for growth has

been shown to fall with increase in age and leaf area index (Fukai and Silsbury 1976; McCree

and Silsbury 1973).þrt data concerning effects of temperature on nitrogen fixation have

been obtained from exposutþ of single plants or nodulated roots to short-term changes in

temperature. The ways in which temperature influences nitrogen frxation by manre legume

communities have not been widety examined. Early results showed 22"Cto be the optimum

temperaturc for nitrogen fixation by single plants of subterranean clover (Gibson 1961), but

for communities of the same species simila¡ amounts of nitrogen were fixed at l2oc and22oC

(Davidson, Gibson and Birch 1970). Many estimates of nitrogen irxation have been based on

the acetylene reduction (AR) assay method,!

There appears to be a general relationship benveen legume yield and accumulated degree-days

above 10oC. The results suggest that an accumulation of approximately 500 degree days

within a region's growing season is necessary for yields >6tDMlha (Hughes and Taylor

l9S3). Cocks (1973); Greenwood et al. (L976); and Fukai and Silsbuty (1976) found that

there was an optimum temperanuÞ of 2}-25"Cfor the growth of swards at low leaf area index.

Two environmental va¡iables are included in the growth model of subterranean clover swards-

temperatue and solar radiation since no other environmental factors a¡e assumed to be limiting

$owth for periods not marked by water or nutrient deficiency and pathogen damage.

Temperature is known to influence the growth rate and morphology of annual medics. Cocks

(1973)pointed out that few data are available quantifying the growth responses to temperature

of plant communities. Single plants showed dry matter production to be low at 8-12oC

(Millikan 1957: Mitchell and Lucanus 1960) and to have an optimum of 20-25"C (Mitchell

I956a,1956b; Mitchell and Lucanus 1962), while in communities of Tallarook subterranean

clover, root dry weight was greater for the 12oC plants than 22'C (Fukai and Silsbury 1976)-

Morley found the growth response of isolated plants to temperature to depend on the cultiva¡.

Fukai and Silsbury (1976) found that estimated maximum yield was inversely related to

temperaturc; it was more than doubled by a temperature decrease from 30oC to 15oC and the
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lower the temperature the higher the maximum crop growth rate (CGR) of subterranean clover.

Also they found that crop growth rate was less dependent on temperature when herbage yield

1500kgDlv1/ha than at 4500kgDlvl/ha or 6000 kgDN4/ha, where the rate decreased very rapidly

with increase in æmPerature.

Temperature may influence maximum yield through effects on both the ma¡rimum crop growttr

rate and the growth perid measured as days from sowing to maximum CGR while, decrease

in temperature from 30oC to 20oC almost doubled maximum CGR but increased the period

from sowing to maximum CGR by only 2 days. A relationship between temperature and dark

respiration may be obtained, however, if the da¡k respiration of undefoliated communities is

compared at the same dry matter for different temperatures the respiration rate of young plants,

for example, grown at a range of temperatures and measured at the growth temperature' was

nor much influenced by æmperatue (Murata et al.1965: Rook 1969; Sawada 1970). This may

be due to the fact that plants grcwn at low temperatue have a higher specific respiration rate at

the growth temperature than is the case when they are grown at high temperature and dark

respiration rate is measured at the low temperature (Strain 1969; Woledge and Je¡viss 1969).

Hill and pearson (1985) reported that primary grcwth was fastest at higher temperatures

(ZIll6"C and 24ll9oC) whereas rate of regrowth was at its highest at low temperature

(15/10.C). A period of low temperanEe following germination, applied either by vernalization

or by growth of the seedling in the field in winter or early spring, was found to accelerate

flower initiation inM. tributoides syn.truncatul7 (Aitken 1955).

Annual medic is simila¡ to subteranean clover in the shape and rate of development of its stem

apex and in its growth structure; well-spaced plants are prostrate because of dominant lateral

growth, but crowded plants usually form a main stem only (Aitken 1955)-
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2.4.2 Growth Response of Annual Medics to Day-length (Solar Radiation)

Seasonal pattcrns in ttre environment, particularly temperatue and photoperiod, may influence

flower initiation and affect medic genotypes differently, as Morley and Davern (1956) and

Morley and Evans (1959) found with subterranean clover. They found that flower initiation

was controlled by three related processes, viz:

(a) vemalization Qowtemperatuerequirements);

(b) inhibition of the darkperiod (long-day requirements); and

(c) a requirement for high temperature.

Annual medics a¡e known to be vernalizable long-day plants (Aitken 1955). (Clarkson and

Russell 1975) found that long photoperiods (18 and 24hr) accelerated flowering of six medic

species (M. scutellata, M. polymorphd, M. littoralís, M. truncatula, M. tornata, and M.

rugosa). Also they reported ttrat the effect of long photoperiods (24hr) advanced flowering by

a mean of 46 days taken over all species. There was almost no difference in flowering time

between plants grown under an 18hr or 24hrphotoperiod.

The root nodule development depends on many factors which can be summarized in the

following groups: edaphic, climatic, technical and biological factors. Day length, a given

natural factor, is one of the climatic factors which affects nodule development. Eaton (1931),

Bonnier and Sironval (1956) and Sironval et aI. (1957) found that nodule deveþment in sojo

was correlated with the amount of carbohydrates, which was higher under gleater day length

due to longer time for photosynthesis. Balatti and Montaldi (1981) ascertained that under 16

hour day length (8hr assimilation and 8hr inductive light) less nodules were developed than

under 8hr (only assimilation light). Sironval et al. (1957) and Herath and Ormrod (1979)

stated that the metabolism of leaves, especially the chlorophyll content, was negatively affected

under shorter day-length. 'Wesselmann and Caesar (1989) reported that the leaf area of faba

beans (Viciafabal.) and grass peas (Lathyrus sativus L.) was promoted by higher day-length

and reached its maximum also early. Vince-Prue (1975) and Sato (1979) came to simila¡
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conclusions. Greater leaf areas supplied more assimilates to the nodules (Lawn and Brun

1974).

2.5 Effects of Temperature on Nitrogen Fixation by Swards of Annual
Pasture Legumes

Like other pasture legumes, medic species assume importance in agriculture because of

symbiotic association with bacteria of the genus Rhizobium. Nodule initiation in the root

cortex follows the bacterial infection of root hairs, beginning a sequence of developmental

changes which lead to nitrogen fixation.

As host tissue develops, it is invaded by bacteria which are later released into the host

cytoplasm within membrane envelopes and change into non-reproducing bacteroids: those are

the symbiotic form of root nodule bacteria in which the nitrogenase enzyme system develops.

External factors may affect nitrogen fixation because all stages in this complex sequence are

under host control as follows:

1. The products of photosynthesis are used as respiratory substrate and in the structural

compounds of develoPing nodules.

Z. They provide the energy for nitrogen fixation which ¡esults in an efflux of amino acids

into the roots to be used for furttrerplant developmenl

Morley (1958) found that growth rates fell sharply below 19oC. We might expect nitrogen

fixation to be affected, likewise Gibson (1963) found that symbiotic nitrogen fixation was

reduced at tempetatufes below 2z"C,although in test-tube culture the fates of nitrogen fixation

were much lower at lzoc ttran at 22"C andthe rates of infection, nodule initiation, and nodule

development werc about halved atl2occompared with those 
^¡.22oC.

Medics like many other legumes can derive the nitrogen for growth from the reduction of N2 in

root-nodules or by the assimilation of nitrate. In the absence of mineral nitrogen, the rate of

nitrogen fixation is largely determined by the growth rate. High acetylene reduction rates are
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highly correlated with high root fresh weight, nodule count and root score (Smith and

Baltensberger 1983).

In addition to effects of temperature on germination and establishment, temperatufe influences

nodulation and the rate of dinitrogen fixation by nodulated plants (Gibson 1963,197L,1976;

possingham et al.1964). Further, since it is known that mineral nitrogen both stimulates and

depresses nodulation according to concentration but generally has a depressive effect on the

activity of nitrogenase (Munns 1977),it is to be expected that the effects of temperature on

nodulation and early growth of seedlings would be influenced by the nitrogen available in the

soil. Broadly, temperature has a relatively small effect on C2IjI2 reduction and on H2

evolution. Nitrogenase activity was highest at 10oC (Sitsbury et al- 1984). They expected that

acetylene reduction (AR) activity would also show little change with temperature. In fact their

observation that nitrogen frxation was most rapid at 10oC could be due to the accumulation of

relatively more dry matter of low N content at 10oc than occurred at higher tempefature during

the period of N-deficiency before nitrogenase becomes active.

Harding and sheehy (1980) showed a greater fesponse of nitrogenase activity to tempefature'

In swards the growth response to temperature can be the reverse of those which appty when

plants grow without inter-plant competition (Fukai and Silsbury L976). Therefore, if

responses to temperature arc to be applied in the field the effects of temperaturc on the N2-

fixation of a pasture legume should be measured under sward, rather than under single plant,

condiúons (Silsbury et aI.1984).
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The development of the AR assay for measuring nitrogenase activity has provided a convenient

method of estimating rates of nitrogen fixation (Hardy et aI1968'). Most work on nitrogen

fixation by pasture legumes with this æchnique has been done on white clover, vrz. Triþliwn

repens L. (Moustafa et al.1969; Chu and Robertson 1974; Sinclair 1975; Halliday and Pate

1976; Masterson and Murphy t976; Sinclair et al. L976).

2.6 Some Effects of Management on Estabtishment, Growth and
Productivity of Annual Medics

2.6.1 Interspecific and Intraspecific Competition Between Plants

Generally, the deliberate establishment of cultiva¡ mixtures is associated with two main

objectives. Firstly, new improved cultivars are sown into areas containing less desirable ones,

with a view to broadening the mixture or replacing the existing genot)?es. Secondly, culúva¡

mixtures are formulaæd and sown with ttre aim of obtaining geater pasture productivity and/or

stability. In both situations an understanding of the factors affecting the performance of

genotypes in mixtu¡es is of obvious practical importance. Competition between genotypes is

often assumed to have a major effect on their seed production in mixtures. Therefore,

competition between genotypes is the main factor affecting plant growth in a mixture.

plant ecologists are fortunate that an effective analysis and definition of plant competition was

given hatf a century ago. In L}OT,Clements wrote: "Competition is purely a physical process.

V/ith few exceptions, such as the crowding of tuberous plants when glown too closely, an

actual struggle between competing plants nevet occurs. Competition arises from the reaction

of one plant upon the physical factors about it and the effect of the modified facton upon its

competitors. In the exact sense, two plants, no matter how close do not compete with each

other so long as the water content, the nutrient material, the light and the heat are in excess of

the needs of both" (Clements et a\.1929: cited by Donald 1963). "'When the immediate supply
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of a single necessary factor falls below the combined demands of the plants, competition

begins" (Clements et al.1929).

Milne (cited by Donald 1963) points out that the original meaning of the Latin verb

"competerp", which was "to ask or sue for the same ttring that another does", is fully preserved

in the modern meaning of the word "competition". It must not be assumed that competiúon

necessarily occurs just because a factor is in short supply. All plants in a communiry may be

short of the factor, but if the environment of each plant is independent of that of its neighbours,

then there is no interference in the growth of one plant by another. For example, the

germination of wheat and growth of wheat seedlings may be delayed andreduced by the poor

oxygen supply in over-wet poorly structured soils. The factors governing oxygen supply to

the seed is predominantly the gas exchange wittr the external atmosphere: each seed lies

independently in its own micro-atmosphere, uninfluenced by its neighbour some inches away.

There is no competition. The same is true for seed lacking sufficient water for germination.

But the lack of compeútion at the seed or seedling stage is the exceptional circumstance in

crops and pastures, and competition is likely to begin soon thereafær.

The use of mixtures of strains of subærranean clover (Trtfohwn subterraneanL.) has become

increasingly common in southern Australian pastures in recent years (Rossiter and Palmer

1981). Collins et al. (1983) reported that defoliation up to the commencement of flowering

(cut at weekly intervals from 39 days after sowing until the beginning of flowering, 102 days

after sowing) had no significant effect on seed yield in the mono culture of sub clover swards,

while with severe defoliation (up to the end of flowering,149 days after sowing), seed yields

were reduced. Also, they found that cutting influenced the competitive relations between

strains in mixtures.

2.6.2 Effects of Depth of Sowing on Legume Seedling Emergence

The establishment and maintenance of high quality legume pastures requires substantial

attention to detail. Certainly a common fault is to sow legume pasture seeds too deep for
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satisfacory emergence (Carter and Heard 1962; Adem 1977; Carær and Challis 1987; Quigley

and Carær 19S5). Furthermore, tillage practices often result in burying medic pods/seeds or

sub clover buns/seed too deep for emergence of seedlings (Carter 1974,1978; &rter et al.

1987;Quigley et al.l987;Fulwood and Carter 1989).

Black (1956) defined emergence as the complete appearance of the cotyledons above ground

level, and since growth was very even no diffrculty was experienced in deciding whether the

plants had or had not emerged. He concluded that seed size in a plant having epigeal

germination and without endosperm is of importance: firstly, in limiting the maximum

h¡ryocotyl elongation and hence depth of sowing, and secondly, in determining cotyledon area.

It has prrviously been shown (Black 1955) that both depth of sowing and temperature affect

pre-emergence weight changes in subærranean clover, and ttrat in particular there was a marked

effect on the amount of dry matterromaining in the cotyledons at the time of emergence. Also,

he suggested that the reduction in cotyledon weight on emergence from deeper sowings might

have adverse effects on subsequent growth by limiting the material available for the elaboration

of the initial photosynthetic tissue. However, under freld conditions, where germination is

simultaneous, plants from greater depths of sowing will be at a disadvantage as compared with

those from shallower sowings since emergence will be progtessively delayed as depth of

sowing increases under conditions of deep-sowing of legume s, seedling emergence is reduced

as there is a potential mærimum-elongation of the hypocotyl (Carter et al. L987; Fulwood and

Carter 1989).

2.6.3 Effect of Mechanical Defoliation of Growth and Seed Production of
Annual Medics

It is a common observation in southern Australia that some grazing of both subterranean

clover and medic pastures increases seed production. The advantages of grazngare especially

observed in years with dry spring weather when the pasture legumes suffer severe moisture

deficit. Anderson and Metcalfe (1957) and V/inch (1959) have shown that pre-harvest

clipping, especially if late, decreases seed yield in birdsfoot trefoil (Lotus cornículatus L.).

Knight and Hollowell (1959) showed that moderate defoliation (from 15cm down to 7.5cm) of
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crimson clover (Tríloliwt incarnatunl.) had little effect on forage production, but reduced

seed yield by about I4Vo.

McAlister and Krober (1958) cxamined the effects of two levels of leaf removal (4O and 807o)

on soybeans at a similar growth stage. The ma¡ked depressions in seed yield resulting from

leaf removal wcre associated with reduced numbers of pods per plant at harvest, and to a

smaller extent with reduced weight per seed. Rossiter (1961) showed that subterranean clover

swards \r,ore capable of fairly high seed production even with repeated defoliation: the

outstanding success of this species as an annual pasture plant, without doubt, has been due to

its capacity for high seed production under a wide range of conditions, including continuous

graang at moderatety high stocking rates.

Over-grazing is a common cause of pasture degradation during the growing season. For

maximum production of herbage, the amount of leaves left following mowing or grazing

should be sufficient to ensure complete interception of light so that pasture growth is

maintained at the maximum rate. However, the defoliation height associated with maximum

subsequent rate of growth will vary with pasture t¡re, weather and season of the year. The

intensity of defoliation influences leaf efficiency in the early stages of regtowth. The more

intense the defoliation the lower the initial leaf efñciency.

Mature plants of pasture legumes die if all their leaves ate lÞmoved, even when there is plenty

of warer in the soil (-eigh and Mulham l97L). Brougham (1956) stated that leaf efficiency

(the rate of increase of herbage dry weight per unit area of leaf) was greatly influenced by

intensity of defoliation. Efficiency was initially lower following severe defoliation than

following less severe treatment. Also, the results have shown that as the intensity of

defoliation increases, yield of shoot tissue decreases. Similar results have been obtained by

varying the ftrequency of defoliation, the gfeatest reductions in yield having occured where the

defoliations have been most frrequenl
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Brougham (1955) showed the naturc of the gfowth curve of a mixedpasture comprising short-

rotation ryegrass (Lolium perenne X L. multiflorum), red clover (Trþlium pratense), and

white clover (Triþtiwr repens) following close defoliation. The curve of re-growth showed

three distinct phases: for approximately three weeks following defoliation the growth rate

increased, then for five weeks it was constant, and thereafter it declined. In growth of grazed

pastgres, Davidson (1968) found conflicting responses of yield and tillering to intensity of

defoliation (and therefore to its components, frequency, timing and height). The effects of

these management factors also influenced botanical composition by affecting the

competitiveness of species in mixtures (Haris 1978).

Subterranean clover (Tríþtiwn subterraneunL.), hereafter referred to as sub clover, is used

extensively as a pastue legume in southern Ausfalia. Its success, measured in terms of both

persistence and productivity, depends to a large extent on its ability to produce seed (Donald

1960; Rossiter 1966). The effect of infrequent defoliation (cutting at intervals of three weeks

or more) on seed production of sub clover has been investigated by some workers (Rossiter

1961; Scott I97l; Hagon 1973; V/alton 1975). Rossiter (1961) found that swards of two

strains responded similarly to infrequent defoliation. Cutting prior to flowering increased the

seed yietd compared with uncut controls (largety because of an increase in the number of

inflorescences produced), while with further cutting during flowering the seed yield was

decreased. Scott (1971.), using six strains, showed that the effect of defoliation on seed

production varied markedly between súains, ranging from a large increase to a decrease in seed

yield Qlagon 19?3; Walton 1975). It was found that infrequent cutting up to early flowering

had no effect on seed production. Rossiter (1976) clearly showed that frequent defoliation

enhanced branching in sub clover. flowever, the possibility exists that cutting also caused a

faster raæ of leaf and inflorescence production on individual branches.

The indirect effect of defoliation on sub clover appeared to be a result of its influence on burr

burial. In the defoliated swards a large proportion of burrs were buried, whereas in the uncut

controls the majority were formed above the soil surface. It is now well established (Yeates
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1957,1958; Collins et al.1976) that bun burial of sub clover is directly and positively related

to seed yield. In unburied burrs the number of seeds per burr, weight per seed and the

proportion of inflorescences forming mature burrs are all lower than for buried burrs. Thus

increases in these components associated with cutting up to the commencement of flowering

were due largely to the grcater degree of burr budal in the defoliated swards as Collins (1978)

indicated that frequent and fairly severe gnnngof pure swards of subterranean clover prior to

flowering will increase seed production. Rossiter (1961) previously found that moderate to

heavy grazing of swards up to the commencement of flowering increased seed yields by up to

3O7o. Incrcased seedproduction, in addition to enhancing the potential for herbage production

in the following season, is also a key to improving the long-term persistence of subterranean

clover. Persistence will also be aided by the higher level of ha¡d-seededness likely to occur in

seed from swards which have been grazÊÀprior to flowering.

Cutting decreased the rate of break-down of ha¡d-seededness in sub clover, it seems likely that

these responses werc due largely to the effect of cutting in markedly increasing the proportion

of buried burrs (Collins 1978). Collins et aI. (1976) found that seed in unburied burrs had a

lower initial level and a faster rate of breakdown of hard-seededness than seed in buried burn.

Also, they reported that the effect of infrequent cutting during flowering on the rate of

breakdown of ha¡d-seededness also va¡ied between strains. Generally, they found that

infrequent cutting increased the initial level of hard-seededness in subærranean clover.

'With annual medic Tow and Hodgkins (1932) found that restricúon of grazing from mid-late

October did not increase the yield of seed to normal levels. In contrast, in a cuning trial where

insects and weeds were controlled, seed yields around 550kglha were obtained even when

plants were defoliated to a height of 5cm at early flowering. At ttre Waite Agricultural

Research Institute haymaking greatly reduced yield of medic seed in a mixed medic stand but

did not reduce seed yield of a mixed stand of subterranean clover (Carter et al. 1986). If

grasses are completely defoliated, almost all the roots stop extending within one or two days

(Crider 1955). The less severe the defoliation, the smaller is the reduction and the earlier the
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recovery of normal rates of root extension (CTider 1955; Evans L97L). Evans (1973a,1973b)

reported that root growth of white and red clover was less inhibited by defoliation than in the

case of grasses.

The persistence of any cultivar of sub clover in a given environment is largely determined by

its seed yield (Rossiter 1966), and grazing management (Carter 1968, 1990). However, the

number of days to flowering is also an important cultiva¡ characteristic. It is closely associaæd

with seed yield, at least in Mediterranean environments (Rossiter 1966), and is strongly

correlated with burr burial (Francis et aI. 1972). Several studies have examined the effects of

defoliation on both flowering and seed yield in sub clover (Hagon 1973). In swards,

defoliation before floral initiation @I) delayed flowering (Collins and Aitken 1970), while

defoliation afterFl slightly accelerated it (Rossiter 1972). For single plants, defoliation before

FI, after F[ or at both stages delayed flowering (Rossiter L972). Furthermore Rossiter (1961,

Lg72) found that defoliation of swards before flowering and at early flowering increased the

seedyieldand/orthenumberof inflorescencesof severalcultivars. Hagon (1973) foundthat

the effect of defoliation on seed production in subterranean clover swards depended more on

the cultivar and density of the swa¡d than on the timing of the defoliation, while defoliation

increased the rate of leaf appeaftmce above the control.

In sub clover swa¡ds cut frequently, the continuance of growth depends primarily upon the

continued unfolding of new leaves, and the rate of leaf area increase largely determines the rate

(Davidson et aI. 1970). In uncut, spaced plants, leaf expansion is of less importance; while

growth rates will increase with increased rates of leaf expansion, dry matter accumulation can

continue in its absence. On the other hand, in uncut swards with large leaf canopies and

complete light interception, increased leaf area will not lead to increased production. Even

assuming similar rates of photosynthesis per unit of exposed leaf area in cut and uncut swards,

different components of growth may control the rate of production in different circumstances; it

may be the rate of leaf expansion in frequently-cut swatds or the rate of decay within uncut

swards. Defoliation may increase or reduce total production of most legume pasture swards.
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Frequent defoliation tends to maintain a canopy of young leaves, and net photosynthetic rate

for a given leaf area index is high in the frequently defoliated situation (Vickery et al.lTIL).

2.6.4 Effects of Density on Productivity and Seed Yield of Pasture Legumes

pasture productivity is directly related to plant density in the autumn-\Ã/inter period when

livestock feed is most limiting. Thereafter green pasture management must concentrate on

optimising herbage production and ma:rimising seed production. The same principles apply to

annual medics and clovers. At low grazangintensities growttr of dense swa¡ds would incroaso

exponentially with time and consequently a rapidly accelerating rate of leaf area production

would ensure that although swards of low density would have a slow start, they would

approach closed canopy at an accelerating rate (Adem 1977; SilsbW et al. 1979:' Silsbury er al.

1984). Donald (1951) has shown that the early production by annual pastue plants depends

heavily on the density of the population.

At high plant densities there may be an increase in plant mortality wittr little effect on the size of

the surviving plants, a reduction in growth of the individuals with little mortality, or a

combination of both types of response. For example, in experimental population of Papauer

spp., death of plants occurred at high sowing densities (Harper and McNaughton 1962). In

contrast to this, no significant density-dependent mortality occurred in experimental

populations of Agrostemma gitlngo but the growth rate of the individuals was reduced and a

grearer population failed to ripen seed (Harper and Gajic, 1961). Both types of response to

increased plant density have been observed in a mixed species stand of a pioneer weedy

community (Raynal andBazzaz L975). Sitsbury et aI. (1979) showed that crop gowth rate of

M. truncatula declined between maximum and average competiúon evidently resulted in

considerable mortality of seedling plants. The second reason could be that high plant density

resulted in a low specific leaf area and consequently a low capacity for photosynthesis.

potential dry matter yield of pure subterranean clover swards at Adelaide is predicted by the

model which is designed to simulate the time course of dry matter production by a community
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dependent for their success on the accuracy with which the rates of the growth processes can

be determined; on responses of the processes to environmental variation; and on the

interactions between growth prccess and environmental variable to be strongly influenccd by

the time of cessation of growth. If ttre glowth is terminated in the middle of October, an early

start ro growth as well as a high plant density will be advantageous for a high final yield. On

the one hand, if the gowing season extends until late November, there will be only a small

effect of time of commencement of growth on final yield (Fukai and Silsbury 197 8).)

The evidence to date is that temperature va¡iation under controlled conditions @ukai and

Silsbury 1976) and density and time of sowing in the field (Silsbury and Fukai 1977) have

little effect on the distribution of dry matter between plant parts. A rapid, early increase in LAI

and crop growth rate within a constant environment can therefore be attained by increased

density. Also, it can equally be achieved by the use of large seeds from which seedlings have

a greater cotyledonary area at emergence than in the case of small seeds (Watson 1952; Carter

and Challis 1987).

Black (1956) examined the rate of dry matter increment by seedtings of sub clover derived

from both large and small seeds. He found that the growth rate depended not on the weight of

the cotyledons at emergence, but on their a¡ea, which was unaffected by depth of sowing and

was linearly related to seed size. The effect of seed size is just the same as the effect of sowing

rate except that seedlings from larger seeds can emerge from greater depths in the soil. The

two effects are different expressions of the same factor, namely the variations in the total

photosynthetic area of the emerging seedlings-

withers (1975), Porter (1982) and Walton (1982,1984) demonstrated that when water stress

during flowering limited lateral branch development in lupins, an increase in crop density

further increased pod set on the primary stem. These results suggest an interaction between

crop density and plant development. Allen (1977) suggested a similar interaction between crop
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density and weed competition after showing a significant yield increase with the higher density

in a lupin crop under competition from ryegrass weeds.

2.6.5 Factors Affecting seed Production of Annual Medics

In evaluating the annual medics, Crawford (1967) pointed out that the highest pod-yielding

accessions were ea¡lier-flowering than Jemalong; this is encouraging as high pod yield not

only ensures high seed yield forregeneration in subsequent years, but also acts as a source of

feed for gúnganimals during the dry summer and autumn period. However, care must be

exercised to ensure that medic pods (or burrs of sub clover) arc not overgrazed duing summer

thus depleting the seed reserves going into ttre seed bank (Carter 1980, 1981; Carter et al.

1989; de Koning and Ca¡ter 1989a, 1989b).

There are a wide range of medic species and cultivars available for sowing on cereal farms. It

is important to have a wide mixture of cultivars covering a range of maturity to ensure seed

production under the poorest rainfall seasons. Likewise the seed mixture should cater for

variation of soil types and may include medics and clovers. Very early maturing lines may be

less productive but assured high seed production is most important (Carter 1988). Crawford

(L975) reported that flowering within 125 days of germination was optimal for southern

Australia, as is indicated by the mean range of 102-104 days for the existing commercial

cultivars.

Taylor (lg/2)reported that the persistence of annuals in a Mediærr¿nean environment depends

on the production of adequate seed with suitable germination-regulating mechanisms. Those

mechanisms are required to minimize germination before the break of the season (sufficient

rain for germination, emergence and establishment) and to conserve some seed over at least

one entire growing season. Such carry-over seed is required to guard against failure of seed

set in a poor year and, preferably to permit regeneration after a period of cropping. In the

evaluation of annual pasture plants, considerable emphasis has usually been placed on seed

production with less emphasis on the ultimate recovery of the seed as useful seedlings.
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In order to maximise the likelihood of medic seed production in a given environment, it is

important that flowering be timely. Timely flowering is generally suggested as a primary

criterion in evaluation of annual medics (Crawford f985; Cornish 1985a). There is a wide

genetic diversity in flowering time of annual medics. Crawford (1985) found a25 day rango

(gg-lz4days) in time to.flowering of 9 commercial cultivars sown at Adelaide in late April,

whilst Cornish (19S5b) found a range of 35 days in 10 genotypes of Medicago truncatulain

central New South V/ales. Much greater diversity was found in the South Australian

Deparfnent of Agriculture's M. truncarulø germplasm collection where the range was 75-132

days. Devitt et aI. (1978) also observed major differences according to site and sowing date,

as well as agronomically-signif,rcant interactions between species, site and sowing date.

Several workers have noted a tendency of medics to hasten in development following later

germination. They also observed that genotypes vary in magnitude of hastening (Aitken 1955;

Devitt et al.1978; Cornish 1985b; Hochman 1985).

Hastening of development is a reflection of the interrelationships between temperature

promotion, vernalization (cold treaünent) and photoperiod (dark period inhibition), which was

suggested by Aitken (1955) and confrmed by Clarkson and Russell (1975) who concluded

that vernalization and long photoperiod were able to substitute for each other to a grcat extent

and that high temperature acceleration of flowering in several medics occurred only after

vernalization. Clarkson and Russell (1976) also found that flowering in medics was

influenced by soil moistu¡e. These findings with annual medics ale consistent with findings

from studies of sub clover @vans 1959; Morley and Evans 1959). Evans (1959) also found

that high temperaturc promotion (post-vernalization) was independent of photoperiod

There are two climatic factors influencing seed production by sub clover in Australia. The

inland boundary of the species is governed by the length of the glowing season in terms of

rainfall efficiency (Trumble L937) while the northern boundary in eastern Australia is defined

by the insufficiency of winær cold for flower initiation (Aitken 1955). Seed production varied

grearly between va¡ieties and seasons (Donald 1959). The factor governing seed production
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was not water-r€lated (Donald andNeal-Smith 1937), but the principal factor was temperaturc

during the flowering porid. Further analysis showed this to be mean minimum temperature

during flowering, and this suggested that frost was thc influential factor. Rainfall itself is

weakly correlaæd with minimum temperature (clear, rainless skies giving frosty nights) but the

relationship of seed production and rainfall is poor.

Tow and Hodgkins (1982) concluded that insect attacks during flowering markedly reduced

seed production poæntial of Jemalong barrel medic and that lowering stocking rates is unlikely

to help. Some insect control measures seem necessary to obtain reasonable seed yields for

subsequent regeneration in Jemalong medic pastures.

Annual medics are suitable hosts for both aphid species, viz. spotted alfalfa aphid and blue

green aphid (Peters and Painter 1957; Franzman et al.1979), and in glasshouse experiments

production losses as a result of aphid infestations have been recorded @ranzman et al.1979).

Aphid numbers were relatively low from emergence to establishment and had no effect on the

seedling mortalities of the medics in the unsprayed plots. The relatively low aphid numbers

through winter also had no effect on dry matter production, but as numbers of aphids increased

in the spring the mean yields from all the unsprayed plots at successive harvest in September,

October and November were reduced by 50, 54 and 557o respe*tively (Lodge and Greenup

1e80).

Collins (19S1) stated that reducing the length of growing season drastically reduced seed yield

of sub clover thus when the growing season was only three weeks shorter than the control,

seed yields averaged over strains and defoliation were reduced by at least one half. Although

early defoliation (before flowering) increased seed yield of sub clover (Collins 1978).
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2.7 Seed Dormancy and Hard-seededness

2.7.1 Dormancy in Seed of Annual Pasture Legumes

The word "dormancy" is derived from the latin word for sleep and perfectly describes the

condition which allows many types of seed to resist germination even when in the soil under

conditions normally considered ideal for germination. Seed germination involves a series of

physiological and biochemical processes which commence with water uptake and conclude

with the production of the root and shoot. A blockage to any one of these processes will result

in dormancy. Seeds may remain dormant for periods of weeks, months or years. Generally,

the dormancy period depends upon the species to a large extent, and on the seed being

provided with the conditions necessary to overcome the dormancy. The main type of seed

dormancy is often referred to as "physiological dormancy". It is best understood if
germination is thought of as the result of a series of steps, each of which is a chemical reaction.

If even one of these processes is blocked or intemrpted, germination will not proceed,

notwithstanding the fact that the seed has imbibed water and that all the external conditions of

temperature and soil moisture are ideal for germination to proceed. This type of dormancy is

not restricæd to a single seed type as is the case with ha¡d-seededness. The dormancy found in

some cultivars of sub clovers for many weeks after harvesting may be broken by exposure

seeds ro an atmosphere containing 0.5 percent COz (Baltard 1958). Like ha¡d-seededness, this

type of dormancy has evolved with the plant and can be understood as a survival mechanism.

Some plants will not germinate unless the seeds have been adequately washed to remove a

chemical from the seed which blocks the germination processes. A very light fall of rain is

insufficient for this purpose as the seed has a mechanism which allows it to germinate only

when sufficient rain has fallen to wet the soil to depth and provide the planS' total water needs

for the season. Many cold-climate plants have another form of dormancy which allows the

seed to germinate only after it has experienced a certain minimum period at low temperature.

Without this mechanism, seeds which are shed in summer might germinate in autumn and the

seedlings be kilted by the exreme cold of the winter. This mechanism will only allow the seed

to germinate in spring when growing conditions are suitable for the seedling and perennial



45

plants have time to adapt to the following winter. Other types of dormancy exist Some types

of seed witl germinate only if they receive a flash of light after they have absorbed water and

this explains why 'clean' ground will sometimes produce a crop of weeds after it has been

tilled-

Dormancy may be short-lived or it may last for a very long period of time. Subterranean

clover seed may have a weak low-temperature requirement which Pre,vents it germinating on

summer rains and allows it to germinate in autumn. Many of our cerealnare dormant at the time

of harvest, but are capable of germination well before the usual sowing time. Some tropical

seeds require a period of high temperaturo before they can germinaæ. In agriculture, dormancy

creates a number of difficulties. The value of agricultual seed for sowing must take account of

any short-term dormancy. The fact thatg0%o of a seed lot is alive (or viable) is of little value if

most of those seeds a¡e dormant. Some species may undergo a secondary form of dormancy

either as a matter of course or because of the environmental conditions either in store or in the

soil.

2.7 .2 Hard-seededness in Annual Pasture Legumes

A common form of dormancy occurs at the very earliest step in the germination process and is

most frequently seen in legume seeds, particularly clovers,lucerne and medics. The seedcoat

is impervious to water so that imbibition of water is prevented. In nature this is reversed only

when the seedcoat is ruptured by alternating periods of high and low temperatures or by

physical scratching during cultivation. In agriculture this type of dormancy which is

commonly referred to as hard-seededness is especially importanl It ensures that the important

annual legumes such as sub clover, the annual medics and many others including some tropical

species will survive from one season to the next. With hard-seededness the seed which is set

in spring/summer does not all germinate with the first autumn rains or even in the fust year so

that there is always a reserve of seed in the soil to ensure the survival of the species and the

pasturcs. Without this reserve these species would be of little use for long-term pastures in
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Australia, especially in those areas of unrtliable rainfall. It is important that sown seed contain

a relatively low level of hard seeds.

Collins (1981) showed that the rate of breakdown of hard-seededness decreased with

increasing length of growing season. Several freld studies (Aitken 1939; Quinlivan and

Millington 1962;Quinlivan 1965, 1966) showed that increasing the growing season available

for seed production favoured the development of hard seeds which had a high resistance to

subsequent breakdown. In the case of sub clover Loftus Hills (1944) concluded that (i)

varieties differ in their tendency to produce dormant seed, but that hard-seededness is not a

varietal character or, if it is, the differences are of a low order and a¡e usually masked by

environmental conditions; (ii) dormant seed witl germinaæ rapidly in the absence of the seed

coat, the seed coat of sub clover, even when permeable to wato¡, inhibits the germination of the

physiologically-immature embryo; (iü) itis improbable that the embryos of naturally-soft seed

a¡e less dormant than those of naturally hard seed; and (iv) new season's seed of subterranean

clover which showed greatly delayed germination when tested at22oC, required over twelve

months to matgre fully when stored indoors. Loftus Hills also, found that delaying harvest up

to six weeks after the normal stage of maturity caused a considerable reduction in the

percentage of both dormant and ha¡d-seeds.

Aitken (1939) has drawn attention to the large variation in the proportion of hard-seed in

different varieties of sub clover grown under Victorian conditions. The development of ha¡d-

seeds is an important germination-regulating mechanism in sub clover (Quinlivan 1971).

Signifrcant numben of seeds have been shown to remain ha¡d for up to seven summers when

left undisturbed where they were set at the soil surface (Taylor and Rossiter, unpublished

data). Aitken recognized that alternating temperatures are important in the process of seed

softening inT. subteruaneurn. Quinlivan (1961, 1966) further explored the effects of constant

and fluctuating temperatures on seed softening. His conclusions supported Aitken's

suggestion that temperature fluctuations are the main cause of seed softening under field

conditions.
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Taylor and Rossiter (L974) reported that only LTVo of. the Geraldton sub clover seeds set in

1970 had softened by the middle of Ma¡ch in the following year. Slotver rates of softening

would probably be desirable in drierregions or in rotation systems involving cropping (Taylor

et al.1984).

Taylor (19S4) showed that burial of seeds of sub clover can ma¡kedly reduce the rate of

softening of ha¡d (i.e. impermeable) seeds, which is the mechanism which regulates

germination between years iñ this species and many other legume species. And he found that

the rate of seed sofæning in all eight va¡ieties of sub clovers decreased with increasing depttt of

burial. Such storage or burial practices have a pre-conditioning effect on hard seeds, making

them more amenable to softening once they are subjected to wide temperaturc fluctuations.

Therefore, the soil tillage associated with cropping should build up a useful soil seed reserve of

the harder seeded varieties.

Hard-seededness is one aspect of seed physiology which has received some attention because

of its importance in regulating germination (Quinlivan l97l). Aitken (1939), Quinlivan and

Millington (1962) and Quinlivan (1965, 1966) have indicated that the degree of hard-

seededness in sub clover is influenced by genotype, conditions during the growing season and

the æmperature conditions to which the ripe seed is subjecæd-

Halloran and Collins (197a) have reported that the sequence of seed softening within burrs of

sub clover was related to the position of the seed within the bur which was in turn related to

seed size, the larger seeds generally softening first. Softening sequences according to the

position of the seed in the burr have also been reported rn Medicago truncatula by Kirschner

and Andrew (1971). Likewise, McComb and Andrews (1974) have described a strong

association between the sequence of softening and position of the seed in the pod of several

species of Medicago.
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The association berween large seed and seedling vigour in medics increased the possibility of

selection for better establishment both in the year of sowing and in subsequent years of natural

regeneration (Crawford lgfít). Also, he found that significant associations existed between

seedling vigour and seed weight. The heavier-seeded genotypes gave the grcater seedling

vigour, while poor seedling vigour was generally associated with low pod weight and smaller

seeds and the most vigourous seedlings produced moderate to very spiny pds. The rate of

breakdown of hard-seededness between maturity and the expected opening rains of the

subsequent season greatly influences the plant population for that season and there has been

deliberate selection for more-rapid breakdown of hard-seededness in some cultivals e.g.

Paraggio ba¡rel medic.

Aitken (1939) showed that the hard-seededness in subterranean clover depends on: (i)

genotypes; (ü) sustained environmental conditions favourable to plant growth and the

deveþment of the seed; and (üi) the subsequent degree of dehydration of the see4 prolonged

conditions of high temperature and low humidity giving maximum hard-seededness.

Softening of hardseed under natural conditions is attributed to fluctuating temperanres, which

Aitken imposed experimentally both above (40-120oF) and across ftreezing point (freezing and

thawing). Andrews (1958) also reports that the exposurc of ha¡d see'dof. Medicago tribuloídes

(now M. truncatula) to high temperatures such as one experienced at the soil sr¡rface during the

summer months, will decrease ha¡d-seededness.

l,oftus Hills (1942,1944) has differentiated physiological dormancy and hard-seededness in

subterranean clover. He showed that physiological dormancy prevents the immediate

germination of seed and is a heritablc character. The dormancy of seedlings on and in the soil

during the summer passed much more rapidly than that of seed stored ît22"C and this seemed

to be an effect of the high temperature to which such seed was exposed. Loftus Hills found

that hard-seededness, which rose to a maximum about two or tÌuee months after field ripeness

did not differ consisæntly with variety, i.e. there was apparently an interaction of variety and

environment. Values o180-95Vo hard-seededness were common in seed harvested at field
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maturity and held for a few months at room temperature @onald 1959). The seed dries out

during summer and becomes hard and dormant. This prcvents germination in summer when

conditions a¡e unfavourable for medics. The seed clop gradually loses its dormancy so that by

autumn a small proportion can germinate. Hard-seededness is important for the sunival of

medics through dry seasons when seed may not be produced, but more importantly through

cropping phases of the crop-pastureflivestock farming system.



3. ECOLOGICAL CONDITTONS
IN JORDAN AND SOUTH
AUSTRALIA
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3. COMPARATIVE ECOLOGICAL CONDITIONS OF JORDAN AND
SOUTH AUSTRALIA AND THE EXISTING STATUS OF MEDICS
IN JORDAN

3.1 The Environments of the Near East and southern Australia

The physical environments and agriculture of much of the Near East and Norttr African Region

have been described by Nuttonson (1958, 1961a,b) and Clawson, Landsberg and Alexander

(1971) while valuable studies on the ecology and land use include those by UNESCO-FAO

(1963) and Ca¡ter (1978). The climate of the Region has been reviewed by Brichambaut and

Wallen (1963) who recognised twelve agro-climatic sub-zones, and by Landsberg et al.

(1963). The Region is characterised by winter rainfall (or snow) and hot dry summers when

evapo-transpiration exceeds precipitation for several months i.e. occur in southern Australia,

California, Chile and in South Africa. Nuttonson (1958) and Carter (1974, L975,1978) have

emphasised the close climatic and edaphic analogies between parts of southern Australia and

some countries of the Near East and North African Region. Further supporting evidence is

given by Sæphens (1957, 1962); Leeper 1970; and Gentillii 1971.

3.2 Climate and Soils

The beginning of the 1986-87 growing season saw the best opening rains since 1938 which

was well distributed throughout the Kingdom. Rainfall in all three research stations (Ramtha,

Mushagar and Rabbah) was well above average as can be seen in Tables 3.I,3.2. These

f,rgures show that rainfall recorded for the early part of the season was 847o above average for

Ramtha, with the majority of rain falling in early November. Rainfall in October and

December was good for all arcas except that December rains in Rabbah were 5O7o below

avef¿rge.

Rainfall distribution was excellent during this sowing period allowing the soil to dry out

enough for cultivation and sowing between rains without any loss of optimum growing

conditions. Mid-season weather conditions saw a continuation of rain which was below

average by 30 and42Vo respectively in Mushagar and Rabbah, but above average by 227oin

Ramtha. Distribution of rainfall was very poor in Rabbah with limited effective rains between

the beginning of December through to the middle of February. These rains were confined to
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the 30Qmm rainfall zone and did not penetrate into the 200-250mm zones to any extent. In

Mushagar, February and March rains were respectively 557o and307o below average.

The final and major perid for pasture development in April and May saw a compleæ absence

of rainfall other than 0.5mm in Rabbah. Effective rainfal ceased on 20 Ma¡ch and whereas

good finishing rains in this perid would have produced an excellent soason, the end of season

drought down graded the season to one of only average to below average results in the

Mushagar and Rabbah regions which also experienced below average rainfall in the mid-

season period. The Ramttra region with above-average rains in mid-season had an above-

average to good season. The seasonal comparisons of climatic conditions at the three Resea¡ch

Stations in Jordan and at the Waite Instiute are given in Tables 3.1 - 3.1.

Rain in early Ocober, 1986 assisted land preparation in some atÞas. The rainfatl season began

properly in early November. Rainfall was sufficient to ensnre useful sub-surface moisture

storage. Thereafter monthly totals were considerably less, but adequate to maintain growth

without stress. Sowing of experiments began in mid-November and was completed by

December 17. This ensured establishment before the soil became too cold. Rain ceased

abruptly at the end of March. Soil moisture reserves allowed growth and development to

continue unchecked until at least mid-April at Ramtha and until the end of April at Rabbah and

Mushagar. Overall, seasonal rainfall was slightly above avenge. This was in contrast to the

1985/1936 season, when rainfall was well-below average.

Chemical and physical analyses on soil samples taken from experiment sites were conducted

by Minisury of Agriculture laboratories in Jordan. Soil samples could not be taken until the end

of the growing season: samples were taken from the perimeter of the experiment boundaries

and lanes between replicates, where the legumes had not been growing. Results are

summarized in Table 3.8.
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3.3 Medic Surveys in Jordan, 1986 - 1987

3.3. I Introduction

The principle objective of this freld survey was to quantify the effects of typical farming

systems on the medic seed reserves, the regeneration of medics, and also yield and botanical

composition of native annual medics, by measuring the seed reserve in the top 5cm of the soil

of cultivaæd fields and adjacent uncultivaæd areas (road sides) in Jordan.

Sampling sites were selecædin Norttrern, Central and Southern Jordan (hbid-Ramtha, Madaba

and Karak districts, respectively). It was known that much of the Ka¡ak district had

e>çerienced severe drought and heavy gnzrngduring recent decades hence the expectation was

that seed reseryes would be low.

The methodology adopted for the study was similar to several rccent studies by other workers

such as Adem (L977), Dahmane (1978) and Carter (1981, L982\. These core-sampling

techniques are especially useful for examing the basic reasons for limitations on native pastue

legumes. These methods have not been previously used to examine the relationship between

pasture management and the medic seedbank in the soil though Ca¡ter (1982) in South

Australia rcports data on this aspect. This survey was intended to be a preliminary assessment

of the effects of ecology and management and ttreir inæraction on pastur€-legume prcductivity.

3.3.2 Materials and Methods

During the autumn (October) of 1986, a field survey was made to assess the reserve of native

annual medic seedreserves in three different disricts in Jordan. The area which extended from

kbid to Karak (latitudes 32" 33'to 31o 16'North, Longitudes 36o 01'to 35o 45'East). At each

site, paired data were collected from nvo adjacent areas (cultivated and uncultivated areas).

During October 1986, ten cylindrical samples of soil, 5cm deep, were extracted from each

sampling site using a Coile sampler with a diameter of 106mm (Coile 1936). Ten sites were



/
(

I SYRIA
HAIFA

occu PtID

WE ST

IRBID AREA

o¡rb
llomiho

oftoq

Sollo
l(orol¡¡o

AM MAN

lí
MADABA

AREA

J
Ohll¡on

Robt¡o KAR AK AREA

l . Et Surokliyo

I
\t\
t'

-\-
-TEI-

AV !V

fl Ârroq
a

. GAZA
OANK

JSRAFL

/

qobo

J CIF{DAN

\
\

Qolrono

\
\

\I
ok

Unol¡o

M<¡'on

\.
\

\
Tolllo/

\\
a

{
I

¡
I\

\

I
I
\

$-\

o

/ \
\

\
)

/\
\-10 /

I\â
II

I
I

/
/

r -¿

SAUDI
ARABJA

SCALE
0

/
/

s\

s

s
)

J¡ro¡h

Zot

t0

l(tLor,tf. f fi(;

10



53

selected at random where the native annual medics were the predominant legume in

uncultivated ateas.

The botanical composition (percentage overlapping cover) of the volunteer pasture in spring

also percentage bare ground was assessed using a Levy Point Quadrat (100 points per site).

Soil samples were taken along road-sides travelled by car. Other than the name of the nearest

village of township, no information was recorded about the site of collection. These soil

samples were air dried, crushed and passed through a 2.0mm aperture sieve with medic seed

collected on the lower 0.5mm aperttue sieve: however, a larger top sieve was used if snail

medic seed was present. Seeds were separated from the remaining soil by hand. Seed

rcserves in the top 5cm of soil are exprcssed on an area basis without attention to the species.

During March, in the spring of 1987, the same areas were used to assess percentage botanical

composition of native annual medic plants using a I-evy Point Quadrat (Levy and Madden,

1933). Ten quadrat frames comprising 100 points were recorded at each site to quantify the

percentage botanical composition of the volunteer pasture species (medic, grass and other

plants).

To obtain some information about relative frequency of the medics, the æn sampling sites were

grouped for each of the three contrasting districts (Irbid, Madaba and Ka¡ak) which a¡e known

to be ecologically different (Refer Map). The frequency of occurrence and percentage

contribution of each medic species (both seeds and plants) were calculated for each district and

over all districts.

3.3.3 Results

In uncultivated areas (roadsides) four species of annual Medicago were recognized in this

survey, vlz. M. blancheana, M.polymorpha, M.rigídulaandM. rotata. However, on

cultivated fields no medics were found. Clearly these had disappeared under the influence of

both bare-fallowing and deep ploughing (Carter 1978).
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Heyn (1963) classified M. polyrnorplainto three va¡ieties and M. rigidula into four varieties.

The distribution of the annual species of Medicago is influenced by the degree of spininess of

pods and by a multitude of climatic and edaphic factors. Species with pods which adhere

firmly to the wool of sheep or the hair of other livestock generally have a wider distribution

than those smooth or tuberculed pods (Andrew and Hely 1960; Heyn 1963; Crawford L973).

And¡ew and Hely (1960) pointed out that within a.zone favourable to medics, distribution of

species is affected more by soil variation than by variation in climaæ.

Tables 3.9 and 3.10 show that the seed reserve in the top 5cm of the soil varied between

districts and within each district. At southern sites, the seed reserve ranged from 500 to l3l2

seeds/m2. Over all districts the seed reserye in the soil declined from northern to southern

Jordan (910 to 746 seeds/m2¡. However, these differences in number of seeds reserved is not

significant. The same trend was shown in Levy Point Quadrat data on botanical composition.

The percentage of medic in vegetative components declined fuom 45Vo in the kbid region to

4LVo in the Ka¡ak region.

3.3.4. Discussion and conclusions

Available information on climatic and soil conditions of the various districts of Jordan (Tables

3.1 - 3.6, 3.8), though limited, allow certain generalizations about the factors controlling

distribution of medic types in the survey region. Rainfall over the survey area varies from Ð3

to 361mm per year and appears to play a minor role in the distribution of medic. It should be

mentioned that good persistence of medics on unploughed roadsides is a reflection of the

ability of the medics to withstand heavy grazíng. These roadside sampling sites are unlikely to

have received run-off water. Soil differences and winter temperature seem to be the most

important factors affecting species distribution of medics. Altitudinal differences may have

indirectly influenced medic distribution through changes in winter temperature. The most

fertile red-brown soils dominate over the northern Irbid region and in this area the largest

number of medic seeds were found. In addition to that, poor management e.g. heavy grazing,

greatly influences reduced numbers of medic seeds in the soil seed bank of the southern region
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of Jordan. M. rotata and M. blancheana appear to be restricted to areas with deep red-brown

ea¡th soils at low altitudes (northern region), where the winter temPoraturcs are not too cold

(OoC or above).

Medicago rígidula is probably more tolerant then M. rotata andM. scutellata to altitudinal

differences which may affect rainfall and winter temperaturc. M. rigidula was found only in

one cenrral region (Madaba district). Medicago polymorpln appears to be more frequent in

areas of higher elevations (e.g. Karak).

The observations made in ttris survey point to the need for a more extensive ecological study of

the particular climatic, cdaphic and management factors governing the distribution of annual

medics in Jordan. Such a survey is of great value to pasture deveþment work where the goal

is to introduce medic pastures into farming systems in the present land use scheme to increase

soil fertility and forage production. The medic strrvey, though limited in scope, shows that the

kbid district is an ecologically-favourable environment for medics. \ilhile the Madaba and

Karak districts which are used in dry farming system may be less suitable for medics because

of low winter temperanues and lower rainfall. However, there appear to be good prospects for

using native genotypes of M . blancheana, M . polymorpln, M . rigidula and M. rotata that can

extend the potential ecological range for medics in Jordan beyond what might be recognized as

suitable for imported Australian genotypes. Irrespective of native Jordanian species and

genotypes of medics, or imported Australian genoty?es, deep ploughing has effectively

eliminated these medics from the regularly-cropped arþas. A successful ley farming system

based on annual medics is incompatible with deep ploughing.

Plate 3.1 Overgrazing (upper photograph) and deep ploughing (middle
e main reason nce of annual legumes
in the Otd W it is possible to grow
medics (lower other legume species if
procedures are
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Table 3.1 Long-term mean monthly rainfall (mm) for the three experiment sites in Jordan

Period

1976-t985

1938-1985

1961-1985

Total

2r7.2

36r.2

330.0

Table 3.2

Period

1985-1

1986-1987

Total rainfall (mm) received in the growing seasons 1985-1986 and 1986-L987 at the three
experiment sites in Jordan

UIo\

7o of the
average

60.1

63.3

59.8

r33.3

102.0

98.9

Total

130.6

228.6

r97.4

289.6

368.5

326.2

aug.JutYJuneMay

5.2

2r.4

t3.4

0.5

0.6

0.5

Apr

18.8

4.8

13.6

Mar

11.0

13.5

5.0

59.5

45.6

92.0

Feb.

53.6

86.7

60.3

28.1

32.6

35.7

Jan.

31.0

45.5

31.5

44.5

82.2

26.2

Dec.

11.0

56.7

73.6

43.0

45.9

32.1

r06.4

t36.4

t37.9

Nov.Oct.

7.6

25.2

1.8

Sept.Site

Ramtha

Mushagar

Rabbah

Ramtha

Mushagar

Rabbah



4t.5

41.8

40.4

-4.5

-7.0

-5.1

Yearly

-1.6

-7.0

-4.8

Dec.

23.r

26.8

25.5

Nov.

30.1

30.2

30.0

r.6

0.4

0.1

6.5

4.5

4.2

Oct.

36.0

36.2

36.0

11.0

9.4

8.0

Sept.

4t.4

39.8

38.5

aug.

4t.5

41.8

40.4

10.5

10.8

10.0

11..2

10.5

10.9

JutY

4r.5

39.2

39.0

June

40.5

38.8

38.7

8.5

7.4

8.0

39.4

40.5

39.0

4.4

3.t

3.0

May

1.0

0.2

-0.5

apr.

37.5

36.5

33.8

Mar

3t.2

30.5

32.0

-4.5

-1.8

-3.5

-1.5

-2.7

-3.0

Feb.

27.0

27.9

28.0

Jan.

2r.8

24.5

26.4

-3.0

-6.8

-5.1

Site

Ramtha

Mushagar

Rabbah

Ramtha

Mushagar

Rabbah

Table 3.3

Extreme
Monthly

Absolute
Maximum

Extreme maximum and minimum air temperature (oC) during 1976-1985, 1969'1985 and 1961'1985
at Ramtha, Mushagar and Rabbah, Jordan, respectively

Period

t976-t985

1969-1985

1961-1985

1976-1985

1969-1985

1961-1985

Absolute
Minimum

Table 3.4 Extreme temperature (oC) at experiment sites during the growing season 1985/1986 in Jordan

Temp oC Jan. Feb. April May June JulY aug.

Absolute
Ma,rimum

Absolute
Minimum

(¡{

37.0

36.5

31.8

11.0

11.1

15.0

1.5

7.t

2.0

32.0

30.3

28.8

30.5

30.2

29.5

0.0

5.7

3.6

28.0

28.8

27.5

0.0

2.8

0.5

2r.5

23.0

2t.6
0.0

0.5

1.5

20.5

27.3

22.4

-2.0

-1.1

- 1.8

0.0

-r.0

0.2

22.5

22.2

22.0

27.5

28.2

2s.5

1.0

4.8

6.3

6.0

5.0

8.5

34.5

33.8

3r.9

Dec.Sept.
19E5

Nov.Oct.Sites

Ramtha

Mushagar

Rabbatt

Ramtha

Mushagar

Rabbah



JulY

11.0

6.2

6.5

June

35.s

36.2

34.0

May

36.s

35.8

33.1

2.5

2.6

3.2

3.0

1.0

0.6

April

29.0

27.0

25.8

March

24.0

23.3

19.0

2.0

-r.2

-1.0

Feb.

25.0

26.2

26.2

1.5

1.0

2.0

1.5

-1.0

-1.0

Jan.

23.5

24.0

24.0

1.0

-0.8

0.0

19.7

19.2

2r.4

2.5

1.6

2

24.5

23.4

20.t

32.5

32.9

30.6

9.5

9.3

9.5

1986

Sept.

Ramtha

Mushagar

Rabbah

Ramtha

Mushagar

Rabbah

S ites

Table 3.5

Temp oC

Absolute
Ma,ximum

Absolute
Minimum

Table 3.6

Period

1925 - 1989

1988

1989

Extreme temperature (oC) at experiment sites during the growing season
198611987 in Jordan

1987

Aug.

L'T
æ

Average monthly rainfall (mm) during 1925-1989 and total amount of rainfall (mm) d,rring the
g.o*iñg seasoni 1988 and' tgtig at thã experiment site, Waite Institute, South Australia

Yearly

625.3

632.6

575.8

Dec.

29.9

37.0

13.4

No v.

36.9

44.6

33.8

Oct.

52.6

14.8

38.2

Sept.

6r.9

66.4

51.8

Aug.

74.8

60.0

88.8

JulY

87.9

76.4

87.0

June

74.6

113.6

104.8

May

80.3

t20.6

97.0

April

54.9

15.0

54.0

March

23.8

28.2

2..8

Feb.

24.3

23.4

1.6

Jan.

23.4

32.6

2.6



Table 3.7 Extreme maximum and minimum air temperatures (oC) during 1925-1989, 1988 and 1989 at Waite Institute'
South Australia

Period Year

t925 - 1989 44.3

0.9

1988 39.4

3.6

1989 39.2

2.7

(¡
\o

37.2

10.6

38.1

9.7

Dec.

42.t

5.8

34.8

7.8

37,6

7.7

Nov.

41.8

4.4

27.9

4.6

34.4

8.2

Oct.

37.3

3.8

28.4

5.8

25.4

5.2

Sept.

33.3

2.t

19.6

3.4

26.7

2.1

24.6

4.5

Aug.

17.4

3.6

17.7

4.0

JulY

25.s

1.8

22.7

5.7

19.4

2.7

June

25.1

0.9

2t.8

8.1

28.8

3.2

27.8

8.3

May

26.9

7.5

32.4

9.0

April

36.6

4.6

39.2

9.9

4t.4

6.0

36.7

r0.7

March

37.4

TT.4

38.3

tt.2

Feb.

43.r

8.4

39.4

10.4

37.7

9.7

Jan.

44.3

8.0

Ma,ximum

Minimum

Ma,ximum

Minimum

Ma,ximum

Minimum

Absolute
Temperature



Table 3.8 Soil chemical and physical data from Experiment Sites in Jordan

Station and
Experiment

Ramtha
Drill Plot
Experiment

Mushagar
Drill-plot
Experiment

Mushagar
Hand-sown
Experiment

Rabbah
Drill-plot
Experiment

I{ilting
Point
(%)

23.1

23.1

18.5

18.4

o\Ò

t
T1

Determination of
Soluble P by the

pH by soil :
colorimetric

water ratio, 1:5
method (Ababneh 1983)

Field
Capacity

(vo')

40.t

40.8

37.9

34.8

1.66

t.67

1.58

1.63

Bulk
Density
(g/cc)

Silty-
Clay
Clay

Clay

Clay

Clay

Clay

Clay

Clay

Soil
Texture

69.7

66.8

47.8

62.r

45.8

55.8

67.8

7t.0

Clay

(vo)

42.8

38.0

22.4

23.3

20.2

27.4

34.0

29.4

sirr
(vo)

t8.2

8.5

rt.4

6.2

9.8

5.7

r0.1

5.8

Fine
Sand
(vo')

Exchange
1<+

(ppm)

300

170

280

190

200

140

360

330

SolublePtt
(ppm)

24.0

7.0

10.8

13

PHT

7.5

7.8

1.8

7.9

7.9

8.1

7.5

7.6

Depth of
Sample

(cm)

0-30

30-60

0-30

30-60

0-30

30-60

0-30

30-60



61

Table 3.9 Medic seed reserves in uncultivated sites in
Northern, Central and Southern Jordan, Oct. 1986.
(All data for 0-5cm soil)

Site Karak
eeds/m2

530
1203
834
&l
500
6L4

13t2
609
6t9
601

Mean 746

Table 3.10 Percentage overlapping cover and percentage bare
ground in three districts of Jordan, March 1987.

Mean

1

2
3
4
5
6
7
8
9

10

Medic
Grass
Other spp.
Bare ground

40.9
30.4
26.7
t2

IRBID
(Seeds/m2)

Madaba
(Seeds/m2)

504
770
807

1266
908

1045
833

Lt82
856
931

625
t227
960
750
783
511

lt02
983
615

L37L

910 892

IRBI)
District

Madaba
District

Karak
District

42.7
33.5
23.8
t2

40.9
29.5
29.6
T4

45.r
28.3
26.6
10



4. FIELD EXPERIMENT 1:

MEDICS IN JORDAN
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4 FIELD EXPERIMENT 1 : EVALUATION OF MEDIC GENOTYPES
UNDER RATNFED CONDTTTONS rN JORDAN, 1986-87

4.1 Introduction

In areas of low rainfall throughout the world, new plants are usually introduced into existing

pastures because they are expected to increase total production or because they are considered

more desirable species. A number of grasses and legumes have been recommended for

improving the "Mediterranean-type climate" tangelands of California (Miller et al. 1957;

twilliams 1963) and of southern Australia (Trumble 1949; Morley 1961; Andrew 1962).

Legumes rrcommendedfor the semi-arid, neutral-alkaline soil areas are medics. Most medics

species a¡e winter annuals adapted to Mediterranean climates. Their usual life cycle is to

germinate with the onset of the first autumn rains in September to November (Northern

Hemisphere = NH) or March to May (Southern Hemisphere = SH) and to grow rapidly while

warm temperanres and precipitation coincide. While the growth rate may be reduced during

winter, flowering usually is completed during April (l'[H). In colder-temperature climates

these species would have to be used as spring annuals. Self-seeding annual legumes may be

better adapted to arid rangelands than are perennial legumes. Quinlivan (L97L) showed that

medics can survive many years of drought due to the hard seed mechanism. More recently

Carter and Challis (1939) have shown the survival of M. scutellata, M. tuncatula and M.

Iinoralis as hard seeds over a period of 14 years. In addition, although annual medics have no

means for evading dry season conditions by earlier flowering, their phasic development can be

accelerated by drought stress once flowering has begun (Clarkson and Russell L976). Their

successful adaptation to arid environments is evidenced by the presence of several medic

species in regions of North Africa receiving less than 250mm of annual precipitation (Francis

1981). However, the economics of crop production alter with changes in technology,

cultivars, costs of production, or the value of the produce (Box and Perry 1971).

The 300 - 480 mm rainfall zone of central western Jordan is one such marginal cropping area,

where farmers have endeavoured to grow grain as far as possible into the semi-arid rangeland

areas. This has been accomplished by the integration of cereal grain cropping (mainly wheat)
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and food legumes or animal production activities as suggested by Rossiter (1966) for

Mediterranean-type environments. The expansion in wheat acrcages in this low rainfall belt

has encouraged a similar expansion in forages (mainly vetches) in Jordan.

In most areas legumes are desirable for introduction to natural pastures because they produce

high quality feed, which are readily acceptable to grazing animals and increase soil nitrogen.

Carter (1981) estimated that the 40 million hectares of legume-based pastures in Australia

improved the quantity and quality of livestock feed and soil fertility to the value of US$2500

million per year. Forage yields and protein concentrations wele increased when forage legume

was introduced to gÊrss or cereal pastures in Jordan farming systems (Ababneh 1983).

The objective of the experiment described in this section was to evaluate the yielding ability and

the climatic and soil adaptability of frve annual medic species which includes 19 commercial

cultivars and new genotypes under rainfed conditions in Jordan. Both forage and seed yields

are important in annual legumes, which must not only supply feed in the year of sowing but

also regenerate from self-sown seed in later years. Winter and spring production are both

important.

4.2 Materials and Methods

4.2.1 Location of ExPeriments

The experiment was conducted in three differing agro-ecological zones in Jordan at

Agricultural Research Stations namely Ramtha (Lat. 35o 39'N, Long. 32o 30'8, Altitude 590

m), 80km north of Amman in north east Jordan; at Mushagar (Lat. 31o 43'N, Long. 35o 48'E,

Altitude 785 m), 45 km south of Amman in central Jordan and at Rabbah (Lat. 31o 16'N,

Long. 35o 45'E, Altitude 92O m),90 km south of Amman in the southern part of Jordan.

Estimated mean annual rainfall is 289, 369 and 326 (mm) respectively at these sites and the

growing period normally of 4 to 6 months.
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The climate of these three sites is typical Mediterranean, and rain falls from October until May

in these locations, mostly from December to March (table 3.1).

4.2.2 Experimental

This experiment was conducted through the Jordan-Australia Dry Land Farming Project.

From 27 accessions and cultiva¡s tested under the same environmental conditions in the 1985 -

1986 season (Table 4.1), further experiments involved a compa¡ison of 19 selections of

Australian commercial cultiva¡s and accession of new strains from five Medicago species

(Tables 4.4 and 4.5). These medics were selected after a one-year (1985-1986) evaluation

based on measurement of herbage and seed yield (Tables 4.2 and 4.3). Total amount of

rainfall (mm) in 1985 - 1986 was only about 604o of the average annual rainfall for each site

(Table 3.3). Therefore, selection under these conditions favoured those which could grow

relatively well under dry seasons. A randomized complete block design was used with four

replicates at each site. Plot size was 4 x 1.5m plots consisted of six tows, spaced at 25cm.

(See Diagram 4.1).
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Table 4.1 Evaluation of medic genotypes tested in 1985-1986 in
Jordan

Series
No.

Weight per
1000 seed (g)

4.05
5.06
4.78

3.55
3.68
6.72
6.76
7.66
3.82

1

2
3
4
5
6
7
8
9

10
11
t2
t3
t4
15
t6
t7
18
19
20
2L
22
23
24
25
26
27

4.62
2.47
N.R.
16.37
4.62
5.32
4.L6
5.77
4.t7
3.89
3.87
3.52

4.32
5.64
6.67
5.79
3.7r
3.38

Cultivar
or Access'n No.

Species

Jemalong
Cyprus
Paraggio
Sephi
Harbinger
Robinson
Sava
sEL. 1919
sEL. 1865
sEL. 1295
SEL.716
sEL.1894
sEL. 1900
sEL. 1851
sEL. 1569
sEL. 1310
SEL.734
sEL. 1943
ACC.2425
ACC.2475
CircleValley
Serena
sEL. 1041
sEL. 1038
sEL. 1039
coL. 16lr
coL.Tlr

M. truncatula

M.Iittoralís
M. scutellata

M.rigiùia

M.polymorpha

M.rotata
tl

il

ll

tl

ll

il

il

il

tt

tl

il

ll

il

tl

I

il

il

il

il
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Tabte 4.2

Species

M.scutellan
M.rotata

Mean dry matter yields (t<g/ha) Mushagar' 6'7 May 1986
ranked according to yield

Rankf

M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.

scutellata

polymorpln
rígidula

rotata
rotøta

rigidula
rígídula
rigídulø

A
AB
AB
ABC
ABCD
ABCD

BCDE
BCDE
BCDEF
BCDEF
BCDEF
BCDEF
BCDEF

CDEFG
DEFG
DEFG

EFGH
EFGH
EFGH
EFGH

FGH
GH
GH
GH
GH
GH
GH

H

t Duncan's Multþle Range Test (P<0.05). Mean yields associated with the same letter are
not significantly differenr

YieldSeries
No.

Cultivar or
Acces'n No.

6
18
23
11
28
19
20

3
7
4u

25
8
5
9

15
2
1

t2
13n
26
2l
22
10
t4
t7
16

1984.0
1577.0
1575.8
1519.0
r472.0
1459.0
1315.8
1301.0
t259.8
1252.0
t206.4
1190.0
1159.0
965.8
955.0
931.0
884.8
845.5
845.0
789.5
733.O
567.5
556.8
542.8
44t.0
438.3
4r2.8
340.1

Robinson
SEL 1943
SEL 1041
sEL 716
Robinson
ACC?425
ACC?/75
Paraggio
Sava
Sephi
sEL 1038
sEL 1039
SEL 1919
Harbinger
SEL 1865
SEL 1569
Cyprus
Jemalong
SEL 1894
SEL 19OO
coLTlr
COL I6IL
Circle Valley
Serena
sEL 1295
SEL 1851
sEL 734
SEL 1310
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Mean medic clean seed yietds (kg/ha) Mushagar' 1986,
ranked according to yield

Table 4.3:

M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.

Species

scwellata
rotata
scutellata
polyrrcrpla
rotata
polymorplw
rot4ta
polyrnorpln
scutellata
rigidula
rigidula
truncatula
polyrnorpha
truncatula
tntncanla
polymorpha
rigidula
truncatula
polymorpha
rigídula
rigidula
rígídula
rigidula
rigidula
rígídula
rigidula
polynnrpha
littoralis

RankT

A
B
B
B
BC
BCD
BCD
BCD

CDE
DEF

EFG
FGH
FGH
FGH
FGH
FGH
FGH

GH
GH
GH
GH
GH

H
H
H
H
H
H

T Duncan's Multiple Range Test @<0.05). Mean yields associated with the same letter are
not signifrcantly differcnt.

Series
No.

YieldCultivar or
Acces'n No.

562.8
390.5
389.5
387.8
368.8
337.3
334.8
322.5
286.3
248.5
2r9.8
185.5
184.3
t72.5
166.8
t62.0
160.5
146.3
133.5
r27.5
t27.3
126.0
t20.3
rt7.0
114.8
t12.2
108.8
101.8

Robinson
ACC2,425
Robinson
SEL 1038
SEL 1943
SEL 1039
ACCz75
SEL 1041
Sava
SEL 716
sEL 1919
Paraggio
Serena
Cyprus
Sephi
coLTlr
SEL 1865
Jemalong
Circle Valley
SEL 734
SEL 1894
SEL 1569
SEL 19OO
SEL 1851
SEL 1295
SEL 1310
col- 16/1
Harbinger

,f
19
28
24
18
25
20
23

7
11

8
3

22
2
4n
9
1

2T
t7
L2
15
T3
l4
10
16
26

5

L
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N+
1.5m

4m

1.5m R R

6 I 14 4 10 13 1 12 17

16 5 3 7 15 2 I 11 18

6 7 3 18 9 13 5 10 12

ilt

1 17 11 16 2 I 14 4 15

4 17 14 12 18 6 16 5 11

tv

I 7 13 15 3 I 1 10 2

B
o

17 10 4 7 1 8 12
B
o

18 9

D
E
R 5 11 16 15 6 14 3 13 2

D
E
R

Diagram 4.1 Plan of field experiment at Rabbah, Jordan,1986-87
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Seeds of commercial cultiva¡s were obtained from SAGRIC International, Adelaide, South

Australia, and seed of the new lines from ICARDA (International C-entre for Agricultural

Research in the Dry Areas), Aleppo, Syria. Triple superphosphate at 100k9/ha was broadcast

by hand and incorporaæd to a depttr of c. lcm prior to sowing. All seeds were treated with the

commercial peat base inoculaæs of appropri ate Rhizobilan meliloti strains W9 for M . rigidula

in 1986-87). IWSM 244 was used for M. rigidul¿ in 1985-86 as well as used for all other

species in both years, immediately before sowing. The inoculant was stuck onto the seed with

molasses, and lime was used to dry the seed. A Hege small-plot cone seeder with sowing

tynes spaced at25 cmwas used to sow the medic plots at the th¡ee sites.

The experiments were sown on 20 November at Rabbah, 10 December at Mushagar and 15

December 1986 at Ramtha- The experiment at Ramtha was resown because of diffrculties with

the seed-drill on the first sowing occasion, therefore sowing date was relatively late (Table

4.5). The aim was to establish swards with a density equivalent to that given by a sowing rate

of l8kglha of pure germinating seed of Jemalong ba:rel medic as standard to give a plant

populaúon of 4861m2. All genotypes were sown on the basis of equal numbers of viable seed

(Tabte 4.4). However, mortality of seedlings due to intraspecific competition might be

expected- Weeds wete controlled throughout the experiment by hand cultivation.

4.2.3 Data collection

The swards were planned to be of such a size as to permit the removal of two samples, each of

one squarc metre, spaced in order that internal edge effects between sampling areas might be

eliminated. Seedlings were counted within a quadrat of 1 m2 centred on each plot. Two

squarc metres of herbage was han ested to a height of about 3 cm at the end of winter. Then,

following regrowth, half the area was harvested to ground level for spring herbage production

and seed was harvested from the other half. Furthermore, pod yield, number of pods/m2, seed

yield, seed : pod ratio, number of seedsþod and pod and seed index were recorded. Duncan's

multiple range test was used for staústical analyses.
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4.3 Results

I-ong term average precipitaúon at the three experiment sites as well as the absolute morimum

and minimum air temperah¡re are shown in Tables 3.1 to 3.3 and that for the growing season

of the study period 1986 - 1987 is presented in Tables 3.4 to 3.5. It can be seen that the

rainfall is about the average at Rabbah and above average at the other sites.

4.3.1 Establishment

All of the Medicago species successfully germinaæd and emerged at all sites. Medicago rotata

had the highest mean seedting emergence per unit area at both Ramtha and Rabbah sites, while

M. rigidulahad the highest plant emergence (#/m2) at Mushagar. Between the sites, there was

no significant differences even though Mushagar showed the highest plant emergence

(planlm2) compared to other sites (Table 4.6). At all sites, M. tuncatula cultivars had the

lowest plant density ranging from 247 plants/m2 for Cyprus at Rabbah, 289 plants ¡m2 for

Sephi at Ramtha and 316 plants/m2 for Jemalong at Mushagar.

4.3.2 Herbage production

Winter production : Plant survival and consequent yield reflected tolerance to frost. The

observed ranking of medic genotypes in order of decreasing frost susceptibility is summanznd

in Table 4.7. M. rigidula was the only species free of frost damage at all sites. Frost damage

was observed at Mushagar and Rabbah but not at Ramtha. Herbage yield was measured with

particular emphasis on winterproduction, which ranged from a low of 170 kg/ha at Mushagar

to a high of lO22 kg/Ta at Rabbah (Table 4.8). M. scutellata followed by most of M. rotata

genotypes showed superiority in herbage yield at all sites. However, there were no significant

differcnces between M. rotata strains in yielding ability for dry matter except for M. rotata SA

14104 which appeared very promising at Ramtha and Mushagar. Herbage production is

density-dependent in early winter as was discussed by Silsbury et al. (1978). Herbage

production varied according to species or genotypes: M. rotata greatly outyielded M.

truncatula, while other species e.g. M.polyrnorplta andM. rígidula were mostly intermediate.

However, different species behaved differently at different sites according to their adaptability
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and potential productivity under the prevailing environmental conditions during the growing

season.

At Ramtha, similar herbage yield was produced by M. polymorpha andM. rotata 5414104,

while M. rigídul¿ Sel. 1865 was the least productive line (206 kg/ha). Meanwhile, at

Mushagar, the opposite trend occurred: M. rigidula Set 1919 was the third most productive

strain (a95 kg/ha) after M. scutellata andthe bestM. rotata line (SA 14L04). Furthermore, at

Rabbah where more herbage yield was produced, there were no significant differences

between the best M. rotata lines, M. polymorpha 5e1.1038 and M. rigidulø Sel. 716 (Table

4.8).

Regrowth of herbage : This was recorded as spring production: the warmer days of spring

enhanced gtowth which was in contrast to the slow growth of winter which was partly a result

of frost damage. Maximum herbage yields were produced from M. rigidula (2269 kglha), M.

scutellata (2233 kg/ha) andM. rotota (1807 kg/ha) grown at Rabbah, Ramtha and Mushagar

respectively (Table 4.9). On the other hand M. polymorpha was clearly the least productive

species at all three sites. Between sites, herbage yield ranged from the lowest (589 kg/ha) at

Mushagar to the highest (2269 kg/ha) at Rabbah (see Table 4.9). However, M. scutellata and

M. rotata were the most productive species grown at Ramtha followed by the second

comparable group of M. tuncatula cv. Cyprus, M. rigidul¿ Sel. 1919 and M. polymorpha.

There was no significant differences in ærms of spring herbage yield between M. scutellata cv

Robinson, M. rotata andM. rigidula grown at Mushagar. The same trends at Mushagar were

obtained at Rabbah. Overall, it is obvious that M. scutellata and M. rotata were the most

productive species for spring herbage yield, while good yields were also produced by M.

rigidula atRabbah and Mushaga¡ Clable 4.9).

Total herbage production (winter and spring) : The maximum herbage yields were

achieved by M.scutellata(3061kgDM/ha) at Ramtha and Rabbah, while at Mushagar M. rotata

(Sel. 2475) gave rhe highest yield, 2236kgD@ha (Table 4.10). Furthermore, M. truncatula
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cv. C)?rus was the poorest yielding cultivar or strain (1546 and 894k9/ha) at both Rabbah and

Mushagar sites respectively, while M. rigidulø Sel. 1865 had the lowest herbage yield

(1303kglha) at Ramtha. However, Rabbah was the best site for total herbage production

which ranged from 1546 to 3O32 kgDM/Ta, followed by Ramtha site where a very similar

herbage production was achieved Cfable 4.10).

4.3.3 Pod and seed Production

Pod yietd : Pods are important determinants of seed yield in pasture legumes as well as

being an important component of summer feed for livestock. High pod yield normally leads to

high seed production. All sites showed a satisfactory pod production. The highest yields of

pod were l13Tkgthaproduced by M. scutellata cv. Robinson grown at Rabbah followed by

M. rigidula Sel. 1919 grown at Mushagar, while M. truncatula cv. Paraggio was the best pod

producer (1109 kg/ha) grown at Ramtha (Iable 4.11). Pod yield va¡ied widely according to

cultivar or strain and site. The lowest pod yield (148 and 348 kglha) was obtained by M.

rigiduta Sel. 1865 grown at Ramtha and Rabbah sites respectively, while the same M. rigídula

strain gave 973 kg/ha when grown at Mushagar site. Also a very big variation in pod

production within the same site was obvious. The highestpod yields at any site were about 3 -

4 times as much as the corresponding minimum podyields at the same site.

Seed yield : Seed production was related to pod yield in most medic genotypes tested in this

experiment, especially M. rígídula Sel. 1919 and Sel. 1865 which produced the highest and the

lowest medic pod and seed yield respectively (Tables 4.11 and 4.12). The seed yields of

several genotypes of M. polymorpln and M. truncotula were lowest at Mushagar. Also, M.

truncatula and M. rigidula gave the lowest seed yield at Ramtha and Rabbatr (Iable 4.L2). In

contrast, seed yields of M. rigídula were higher at Mushagar compared to other sites.

However, M. rotata showed a superiority over other genotypes in seed production in most

treatments, followed by M - scutellata which produced more than double the seed of M .

truncatulo. Furthermore, seed production va¡ied according to climatic factors mainly amount

and distribution of rainfall and temperature, with some frost damage at low temperature. For
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example, seed yields of M. polymorpla Sel. 1038 varied widely between sites (406, 311 and

120 kg/ha) when grown at Ramtha, Rabbah and Mushagar respectively. Seed : pod ratios

werc very satisfactory for most genotypes (Iable 4-13)-

4.4. Discussion and Conclusions

Seedling establishment : Seedling emergence varied according to genotype, depth of

sowing, soil moisture and soil texture. Seedling drought resistance or differing responses of

species to moisture stress following germination are well documented by Rossiter (1966).

Additionally, initial establishment is often benefited by weed control to reduce competition

from other annual species, particularly if laæ rains and low temperatues crcate conditions more

favourable to grass growth (Kay and Owen 1970; Murphy et al. L973).

If a cultivar or genotype could be found that had superior cold-temperature germination and

growth, what would be the possibilities for persistence in the annual communities? We must

remember that these legumes a¡e annual. If they are not to be at a competitive disadvantage in

the year after initial establishment, they must germinate at an optimum level with the initial

flush of germination and emergence, at the time of the fint effective rain. Our results indicate

that the cold-tolerant genotypes selected by ICARD A (M. rigidula and M. rotata strains) had

the highest plant population per unit area at all sites. Between sites, there was a trend for

densities to be higher at Mushagar than the other two sites where less annual effective rainfall

was received (Iable 4.6).

Herbage production : The pasture available in autumn and winter limits livestock

production, o.E. prime lamb production, and the varietal differences in winter herbage

production r€ported here (Table 4.4) arc of practical importance in meeting stock needs at this

time of the year where animal feed is scarce. Later-maturing cultivars or strains e.g. M. rotata

in this experiment produced as much dry matter in spring as the commercial snail medic (M.

scutellata) cultivan and much more than M. truncatul¿ cultiva¡s. Thus, the late-maturing lines

of annual medic (M. rotata) will be more useful in finishing late lambs by exænding the period
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of green feed until late spring. Winter annual legumes gtow and persist on many soils, while

vetch and vetch-barley mixtures are in common use in Jordan. Medics or medic-oats have a

role as forage or hay crops (Sanaj, Carter and Patterson 1989). Certainly the annual medic

species are widely adapted (Russell L969; Clarkson l97O:, Jones and Rees L972).

In explaining the wide differences in productivity of the medic cultivars and genotypes studied

among siæs and sEains, several limiting growth factors must be taken into account. During the

growing period (198611987), total effective rainfall received from November 1986 to February

1987 ranged from 220 to 300mm at the three sites, so soil moisture should not have been

limiting plant growth.

The fact that equal numbers of viable seeds of all genotypes were sown may have given the

advantage for initial growth to large-seeded lines. The results of the study described herein

show the importance of seed size in deærmining the early production of annual medic plants.

Where medics are growing in sward conditions, the relative differences between plants of

different seed weight a¡e maintained, virtually unchanged until the spring herbage production,

where snail medic (large seed size) gave the highest herbage production in most cases (fable

4.10).

Erickson (1946) and Black (1957) came to the same conclusion that the dry weights of the

plants þasture legumes) were proportional to seed weight in the early part of the season. Our

results are consistent with the superior performance of the large-seeded genotypes (M.

scutellata andM. rotcttctespecially Sel. 2475) and the poor performance of the small-seededM.

truncatuld genot)?es (fables 4.8 to 4.10).

Although the incidence of frost deprcssed plant growth in early winter, our results showed that

frost effects rvere not severe in terms of overall winter herbage production. However,

differences in the productivity between medic lines could be atributed to differential effects of
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particular temperature regimes. It is necessary to identify strains which grow well in winter.

Two factors are known to influence winter production, viz. temperature and plant density.

One of these could be low temperature. Even in April (mid-spring in Jordan) mean

temperatures were 13 to 14"C which is suitable for growth, but could be sub-optimal for

temperate pastufE legumes.

Overall, in the absence of moisture stross, this season has provided conditions to compare the

effects of low temperature and frost on the winter production of a range of annual medic

species and lines. Comparing medic lines, M. scutellata (cv. Robinson and cv. Sava) and M .

rotata Sel. 2475 were the most consistently productive. Other lines of M. rotata also ranked

highly. Between sites, M. rigidula Sel. 1865 was relatively productive in winter at Mushagar

and the most productive line in spring at Rabbah and Mushagar and at the sarne time the

poorcst one at Ramtha, while M. polymorphayieldedwell at Ramtha-

Generally, herbage yields were 20 to90Vo higher at Rabbah, which could be attributed to early

sowing and./or favourable conditions lor M. rigidula and M. rotata which are claimed to be

cold-tolerant genotypes, as they are natives to the colder Mediterranean climatic areas (Cocks

1969). In addition to that, soil factors may be responsible for yield differences between medic

species. Va¡iation in the distribution of individual medic species has been associated with

variation in soil fertility and texture (Andrew andHely 1960; Heyn 1963)-

In general, the method of evaluating medic $owth response to temperature under field

conditions is diffrcult. Therefore, another experiment was designed to study the effect of

temperature on growth under controlled conditions @xperiment 6) which is described later in

this thesis.

Seed production : High medic seed yields arc necessary to ensure a large seed bank in the

soil for good regeneration of pasture. Next to winter herbage production, seed yield is the
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major issue to be taken into account in evaluation of medic plants. However, seed yield may

affect density and herbage production in the following year.

For Mediterranean legumes, little is known of the components affecting seed yield (Cocks

1983). However, Donald (1954) reported that the number of seeds per burr (inflorescence)

and seed size of subterranean clover (T. subterraneurnl.) increased with sowing rate. Neither

factor affected seed yield as much as number of burrs per plant which was greatest at low

density. Inw temperature and long photoperiod accelerate flower initiation in barel medic as

in subterranean clover (Aitken 1955). Furthermore, Rossiter (1961, 1972) found that

defoliation of swards before flowering and at early flowering increased the seed yield and/or

the number of burrs of several subterranean clover cultivars. The data of medic pod and seed

production in Tables 4.11 and 4.12 suggest the occturence of a Site x Genotype interaction

which could be related to Temperature x Moisture interaction. The seed yields of several

genotypes of M . rotata, M. polymorplø and M. trurrcantla were lowest at Mushagar, compared

to other sites, where moisture was least limiting and temperatures lowest. This suggests the

importance of temperature variation in inducing seed yield variation between sites, for these

lines. In contrast, seed yields of M. rígidula Sel. 1919 were higher at Mushagar than at other

sites which confirms the tolerance of M. rigidul¿ to low temperature for growth and seed

production.

Adaptability to prevailing environmental factors is most important to ensure a high level of

productivity in pasture legumes. Medicøgo rotata was better adapted to the environment of

Jordan, as exemplified by Ramtha, Mushagar and Rabbah siæs during L9861L987, than any of

the other annual medic species. Other medics also grew well, e.g. M. rigidula, which was the

most promising line for pod and seed production at Mushaga¡ but not at other sites. The

maximum total herbage yields were produced by M. scutellafd at Ramtha and Rabbah whereas

M. rotatawas the best at Mushagar. Despite the success of Australian cultivars of M. scutellata

the Australian commercial cultivars of M, truncatula were the least productive over the three

sites.
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Therefore, selecting the best-adapted medic cultiva¡ or genotype is a most-important issue to

ensure good pasture. Cocks (1988) came to the same conclusion when choosing M. rigidula

and M . rotato as the most promising new medics for West Asia.
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Table 4.4

Species

Medicago truncatuln

Mean seed weights and sowing rates of pure germinating seed
for each medic genotype sown in Experiment 1' 1986

Sowing Rate
(kg/ha)

Medicago scutellan

Medicago rigidula

r
il

il

ll

tt

il

il

il

it

18
23
25
2l
81
82
27
26
33
3L
3l
28
29
34
40
28
33
36
40

Medicago polyrnorpha

Medicago rotata

Tabte 4.5 Detaits of medic species sown in Experiment I on the three
sites in Jordan on the dates shown

il

I

il

il

il

I

Species

Medicago tntncatula

Experiment Sites
Ramtha Mushagar
tslt2l86 L0lt2186

il
tt

tt

Rabbah
20lttl86

1

2
3
4
5
6
7
8
9
10
11
L2
13
t4
15
16
t7
18
na

scßellan

rigidulo

polyrnorpha

rottttct

tt

il

il

lt
il

Number Seed Weight
(mg)

Genotype

3.7
4.8
5.19
4.4

16.6
16.9
5.52
5.4
6.7
6.3
6.3
5.8
6.0
6.9
8.2
5.85
6.80
7.30
8.30

Jemalong
Cyprus
Paraggio
Sephi
Robinson

716
1865
t9L9
1038
1039
1041
1943
2425
2475
2t23

165U1949
228411953
sA 14104

Sava
SEL

1

2
3
4
5
6
7
8
9
10
11
t2
13
t4
15
16
t7
18
t9

Cultivar or
Accession
Number

(Genotype)

Sava
sEL 716
SEL 1865
sEL 1919
SEL IO38
SEL 1039
sEL 104r
SEL 1943
swu25
SELA75
sE,L2123
ACC 16511t949
ACC 228411953
sA 14104

Paraggio
Sephi
Robinson

Jemalong
Cyprus

1

2
3
4
5

na
7
8
9

10
11
t2
T3
t4
15
16
na
na
L9

1

2
3
4
5

na
7
I
9

l0
11
12
13
t4
15
16
na
na
19

na = Seed not available



Ranked
Order

395 a
381 a
381 a
370 ab
367 ab
351 abc
343 abcd
340abcd
334abcd
334 abcd
330 abcde
32I abcdef
317 abcdef
297 bcdef
283 cdef
269 def
256 ef
247 f

Genotype

77
T2
18
6

15
T4
7

11
13
16
10

5
8
1

9
4
3
2

Establish-
ment (Vo\

93
9l
88
88
88
88
86
86
79
77
75
74
70
70
69
65

Ranked
Order

390 abcd
369 bcde
368 bcde
358 cde
342de
335 de
332de
316 e

M8a
439 a
435 a
424ab
424 ab
423 ab
423 ab
429 abc

Mushagar l8-f-9llll987

Genotype

8
t3
1,4
T2
16
15
9

11
10
T9

7
3
5
4
2
1

Establish-
ment (Vo)

79
74
70
70
70
69
69
69
69
67
67
66
66
63
62
60

RankedT
Order
386 a
359 a
342a
341 a
337 a
332a
336a
336a
333 a
331 a
331 a
323
317 a
308 a
299 a
290 a

Table 4.6 Medic evaluation experiments. Mean medic population densities (plants/mz¡ at establishment

Ramtha 20llll987 Rabbah l3llll987

Genotype

15
t9
t4

3
T6
11
13
t2

8
9

10
5
2
7
1

4

tDuncan's Multiple Range Test Values associated with the same letter are not significantly different (P<0.05).

Establish-
ment 7o

{\o

81
79
77
76
75
7l
70
69
69
69
67
66
66
61
58
56
53
52
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Table 4.7 Observations on relative susceptibility of
annual medics to frost during the winter of
1986187 in Jordan

Cultivar or Accession Degree of Frost Damage

Fairly severeM. truncatula cv. Cyprus
M. truncaula cv. Paraggio
M. scutellata cv. Sava
M.polytnorpla cv. SEL 1041
M.polymorpla cv. SEL 1038
M.polyrnorpln cv. SEL 1039
M. scutellata cv. Robinson
M. truncatula cv. Jemalong
M.rotata SA 14104
M. rotata SE 1943
M.truncatula cv. Sephi
M. rotata cv. L65U1949
M.rotata Acc2425
M.rotata 22841t953
M. rigidula (all genotypes)
M. rotata Acc.A75

Ramtha, 2-3 March

Moderaæ to fairly severe
il

lllt

Moderaæ
il

Light to moderate
il

Light

Slight
Very slight
Free of damage
Free of damage

I

Table 4.8 Medic herbage production in winter on dates shown
(kgDM/ha)

Rabbah, 2-3 March

Ranked
Order

Genotype

5
19
15
11
10
t4
t2
13
7

16
2
9
3
1

4
8

Duncan's Multipte Range Test. Values associated with the same letter arc not
significantly different (P<0.05).

7022a
925 ab
782bc
775bcd
668 cde
642cde
637 cde
597 def
594 def
546efg
546 efg
532 efgh
432Êgbt
417 fghi
386 ghi
380 ghi
351 hi
329 i

Mushagar, 17 March

Genotype Ranked
Order

GenotypeRankedt
Order

558 a
509 a
495 a
472ab
439 ab
433 ab
423 ab
320bc
316 bc
314 bc
221 c
2t9 c
198 c
196 c
176 c
I70 c

6
5

18
15
10
7

I4
L3
t2
17
11
9
1

16
2
4
8
3

826 a
700 a
619 c
562 cd
498 de
490 de
484 de
463 e
343 f

fg
fg
fg
fgh
fgh
gh
h

324
313
304
291
275
238
206

5
t9
9

15
13
7

l4
10
11
I

t2
16
4
2
3
1

T
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Table 4.9 Medic herbage production in spring 1987 (kgDM/ha)

Ramtha Rabbah

Genotype

5
15
16
13
t4
T9
2
9

10
3

11
t2
7
4
1

8

&
I Duncan's Multþle Range Tesr Values associated with the same letter are not

significantly different (P<0.05).

Table 4.10

Ranked
Order
2269 a
2189 a
2176 a
20t3 a
20ll a
1993 a
1950 ab
1891 ab
1832 ab
1792ab
l7L4 abc
1681 abc
1346 bcd
ll75 cd
1160 cd
1136 cd
t032d
1021 d

Total herbage production during 1986187 in Jordan(kgDM/ha) ."

Ranked
Order
3033 a
2971ab
2918 ab
2788 abc
2619 abc
2593 abc
2547 abc
2528 abc
2434 abc
2363bc
22217 cd
2146 de
1699 de
1682 de
1675 de
1616 de
1555 e
1547 e

Ramtha Rabbah
Genotype

5
15
t9
T3
16
T4
11
10
t2
2
9
3
7
1

4
8

Duncan's Multiplc Range Test Values associated with the same letter arc not
signifi cantly different (P<0.05).

Mushagar
Rankedt

Order
Genotype Ranked

Order
Genotype

2233 a
2O4O ab
2000 ab
t975 ab
1806 bc
1753 bcd
L592cde
1586 cde
L57l de
1541 cde
1538 cde
1496cÅe
1396 def
1299 ef
1273 ef
1097 f

4
8
5
5
9
9
7
6
3
1

3
4
2
2
0
1

1

1

1

1

1

1

1

1

1807 a
1794 a
1764 a
l72O a
1645 ab
1476 abc
L459 abc
lM3 abc
L372 abc
1104 bcd

941 cd
795 d
699 d
683 d
654d
589 d

8
18
16
15
6
5

T3
l4
9
7
1

t7
3
4
2

11
10
T2

Mushagar
RankedT

Order
Genotype Ranked

Order
Genotype

306,1 a
2659b
2454bc
2438bc
2323 bd
2295 &d
2@9 cÃe
2069 cde
1979 de
1905 ef
1890 cf
ß32 ef
L739 ef
1548 fg
1537 fg
1304 s

15
l4

5
9
8

19
7

13
16
I
3
4

10
11
t2
2

2236 a
2230 a
2174 a
2140 a
2108 a
1985 a
1892a
1811 ab
1652abc
1274br,d
lllT cd

992 d
974 d,
905 d
904 d
895 d

6
18

5
15

8
16
L3
T4
7
9

T7
1

10
11

3
T2
4
2

T
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Table 4.11 Yield of medic pods in Jordan, June f987 (kg/ha)

Ramtha Rabbah
Genotype

T Duncan's Multiple Range Test Values associated with the same letter arc not
significantly different (P<0.05).

Table 4.12 Yield of medic
genotypes (kg/h

s
a)

eed in Jordan, June 1987 from eighteen

Ramtha Rabbah

Genotype Ranked
Order

Ranked
Order

3
10
15
t9
11
5
2

t4
T3
t2
4
7
1

16
9
8

1637 a
ÁAab
L264 abc
1200 bc
1199 bc
1156 bc
lLMbc
1103 bc
1052 bc
1046 bc
I0Z.bc
962 c
943 c
923 c
914 c
910 c
882 c
348 d

15
t4
t9
10
13
11
16
t2
5
3
9
2
7
4
1

8

501 a
501 a
498 a
470 ab
4& ab
438 abc
437 abc
400 abcd
360 abcd
328 bcde
311 cde
305 cde
303 cde
298 cde
275 de
254 dof
195 ef
119

Duncan's Multþle Range Tesr Values associated with the same letter ane not
significantly different (P<0.05).

Mushagar
Rankedf

Order
Genotype Ranked

Order
Genotype

1109 a
1106 a
1078 ab
1065 ab
1055 abc
1M9 abc
lMl abc
998 abc
929 abcd
866 abcd
836 abcd
820 abcd
803 bcd
759 cd
697 d
148 e

9
15
7

t3
L6
5

t9
8

T4
1

3
11
2
4

10
t2

1360 a
12176 ab
1210 ab
1146 ab
ll34ab
1085 abc
1068 abc
973 bcd
785 cde
701 def
698 def
591 ef
538 ef
514 ef
452ef
4L6f

5
6
1

t3
18
15
L4
9

10
7
3
2
4

1l
t7
L6
t2
I

Mushagar
GenotypeRankedt

Order
Ranked
Order

Genotype

456 a
439 ab
429 abc
406 abcd
397 abcd
360 abcd
334 bcde
3A cdef
306 defg
247 efgh
225fgh
222figh
206 gh
185 h
169 h
50i

9
16
15
19
t3

5
t4

8
7

11
3
I

10
4

t2
2

376 a
37L a
355 ab
348 ab
342ab
310 abc
284bÆ,
2&c
259 c
l&d,
146 de
lM de
t?-o de
108 de
106 de
84e

3
4
8
5
5
7
6
6
9
1

0
1

2
7
3
4
2
8

1

1

1

I
1

1

I

1

I

T
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Table 4.13

Genotype

Med_ic seed^w_eight as a percentage of pod weight in Experiment l,
Jordan, 1987

42bc
4O bcd
36 cde
35 def
34efg
33 efg
31 efgh
30 efgh
29 efgh
29 fsh
27 gh
27 gh

16
t4
t3
15
6

T2
10

8
11
9
5
7
3
4
2
1

Ramtha Rabbah
RankedT

Order
Genotype Ranked

Order

49a
Mab
Mab
42b

24hi
21i

Ytltiplt Range Tesr Values associated with the same letter are not significantly
(P<0.05).

t Duncan's
different

Mus
Genotype

45a
Mab
43 ab
43 ab
4O bc
38 cd

29 fg
26 gh
22hi
22hi
2ti
2ti

37 de
34de
33e
33 ef

t4
16
6

t3
8
5

l1
15
9

10
t2
7
4
3
1

2

36a
35 ab
33 abc
30 bcd
29bcd
29bcd
29bcd
29bcd
27 cde
26de
25 def
22ef
2l ef
2l ef
19 fg
L4g

L7
t4
16
18
T3
15
11

8
L2
9

10
6
5
7
4
J
1

2



5. FIELD EXPERIMENT 2z

MEDICS IN JORDAN
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5. FIELD EXPERIMENT 2 : COMPARATM GROWTH AND SBED
PRODUCTION OF FOUR MEDIC GENOTYPES BASED ON EQUAL
SO\ilING RATES AND ON EQUAL SEED NUMBERS PER UNIT
AREA rN JORDAN, 1986 - 1987

5. 1 Introduction

Herbage production in winter and seed yield of a pastrue has a great influence on the livestock

carrying capacity of annual medic-based pastue. The main objectives of this experiment were:

to quantify the early productivity, growth pattern and seedproduction of two new cold-tolerant

medic genotypes and two commercial Australian medic cultivars, grcwn under two systems -

(i) equal sowing rates and (ü) equal plant populations. These systems gave differing densities.

Variation in plant density is a useful tool with which to study intraspecific and inter-specific

differences in yield in communities of crop plants. The major factor influencing optimum

sowing rate for any particular crop is the genotype (Donald 1951, 1963). At the highest

densities, competition becomes more and more intense until growth is completely arrested.

Thus, the yield at lower densities may approach progressively ttrat at the higher densities: yield

rises sharply with increasing density to a maximum which is constant for all higher densities.

It is important ro study the growth pattern of medic genotypes as well as their potential yielding

ability because high herbage yield may not necessarily be an advantage in terms of seed

production. The two may be antagonistic because excessive shading has been shown to reduce

seed yield (Coltins et al. 1978). From the nineteen cultivars and genotypes tested in

Experiment 1 in Jordan, four genotypes were chosen to be studied in more detail. Two

genotypes we¡e Australian culúvars (Medicago scutellata cv. Sava, hereafter refened to as

Sava and M. truncatula cv. Paraggio, hereafter referred to as Para.) and two were cold-tolerant

genotypes selected in the ICARDA program at Aleppo, Syria viz. M. rigídula Sel. 716

hereafter referred to as Rigi. and M . rotata Sel. 1943 hereafter refer¡ed to as Rota.

5.2. Materials and Methods

5.2.1 Experimental Procedure

Location and preparation of site : The experiment was conducted at Mushagar Resea¡ch

Station, 775m altitude; lar 31o 43'N and long. 35o 48'E and 45km south-west of Amman. The

average annual rainfall is 376mm and the soil type a clay-loam with pH. 7.9. Physical and
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chemical soil characteristics and climatic data were recorded in Tables 3.1 to 3.8. Prior to

sowing, the a¡ea was harrowed to mix the superphosphaæ fertilizer and to give a fine seed bed.

Design of experiment and treatments : Four genotypes (Sava, Para., Rigi. and Rota.)

were chosen to study their conrasting field behaviour. The first two genoqæes arc commercial

Australian culúva¡s which a¡e suited to the environment of southern Australia, and the other

two were selected in the ICARDA program for cold tolerance and they are suited to the

environment of west Asia. Each genotype was sown at two different rates, fintly on the basis

of equal weight of pure germinating seed (3Okglha) and secondly on the basis of equal

seed numbers of pure germinating seed using 3Okg/ha of Para. as standard sowing rate

of 825 seeds/m2. The experiment was of randomized complete block design for sowing rate

and genotype. A summary of the experimental design is as follows:

Genoty¡res (4) x Sowing rates (2) x Blocks (4) = 32 plots. @iagram 5.1).

Each plot measured 2.5 x 5 metres. Seed was weighed out for each genotype sown at

equivalent seed weight, and counted (8250 seeds/plot) for each genotype sown at equivalent

number of seeds. All seeds were inoculated prior to sowing. T}lo Rhízobiwn inoculutnWSM

2M was used for seed of Sava, Para. and Rota. but Rigi. was inoculated with M29 (ICARDA

Rhizobiwnnumber) in a peat slurry and coated with calcium carbonate to assist drying. Triple

superphosphate (467o PzOs) equivalent to a rate of 100k9/ha (100 /ploÐ was broadcast by

hand at sowing time. The plots were lightly raked prior to hand-broadcasting with the seed to

clear it of stones and weeds and to level the soil surface, and again following sowing to ensrtre

good coverage of the seed. Eighteen galvanised wire quadrats (25 x 40cm) were placed on

each plot immediately after sowing (Diag¡am 5.2). The plots were divided into north and

south sections (i.e. 9 quadrats per half), and harvests were randomized among the nine

quadrats according to a master plan (eight of these quadrats were used for the herbage

harvests). Han¡est 1, corresponded with quadrat position 1 and so on. Quadrat position nine

was used for the pod and seed harvest.



86

5.2.2. Data Collection

Emergence : Counts of medic (plants/m2) were made on January 17 for all treatments. Six

quadrats (0. f m2¡ per plot were used to count number of plans (three quadrats from each half).

Herbage yield : The plots were sampled eight times throughout the growing season

commencing from Harvest 1 on January 12, 1987 to Ha¡vest 8 on April 21, at 14 day

intervals (i.e. 28, 42, 56, "lO, 84,98, Il2 and 126 days after emergence respectively). On

each hanrest occasion two quadrats were taken per plot, one from the northern half and one

from the southern half of the plots. The medic plant numbers within each quadrat were

recorded at each harvest. To assist counting, plants were harvested at or below soil surface.

Any root material was removed from plants, then samples were washed and dried at 85oC for

24 hrs in a forced-draught dehydrator and weighed. Growth curves were constructed from the

herbage yield data-

Seed yield : The last two quadrats/plot (one from northern and one from southern plot

section) were harvested on June 12, 1987 for measuring pod and seed yield. A strong, fibre

hand broom was used to collect the above-ground samples. The samples were oven dried at

40oC in a forced-draught dehydrator for 24 hours. All samples were processed carefully by

removing the pods by hand from the dry pasture residues. Yield components measured from

the seed harvest were yield of pods (kg/ha), number of pods/mz, percentage hard seed,

percentage soft seed (readily-germinable), percentage dormant seed (permeable, swollen

without germination), total clean seed weight (kg/ha) and mean seed index (910m seeds).

Germination tests of seed in pods : Pod germination tests were conducted on intact

pods. Twenty five pods were taken at random from each Block and placed in petri dishes with

three pieces of filter paper (Whatman Qualitative No.l) on the bottom and one layer of

cottonwool on the top of the pods. Each treatment was replicated four times. Ten ml of

distilled water containing 1.6 glof the fungicide Thimm was added to each dish. Germination

tests were of 14 days duration in a humidifred incubator at 19oC. Seedlings emerging from the

pods were removed daily then after 14 days pods were dissected to determine the proportion of

hard and dormant seed.
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5.3 Results

The results summarise the main effects such as sowing rates and genotype. First order

interactions such as Sowing Rate x Genotype are described if they are significant. Tables in

Appendix A contain the actual values which have been used for the Figures. Mean monthly

minimum and maximum temperature, and monthly rainfall are presented in Tables 3.3 to 3.5

for the 19861L987 growing season.

5.3.1 Medic Ptant Population

The density of medic plants (#lmz¡ varied according to the sowing rate, seed size, genoty¡le

and time. The mean seed weights of Sava, Para., Rigi. and Rota. were 20.0, 4.0, 5.6 and

6.2mg respectively. Thus on the basis of equal weight of pure germinating seed (hereafter

referred to as low density) many more seeds of Para. \pere sown resulting in higher

populations of seedlings than the other genotypes. On the basis of equal number of seeds i.e.

825/m2 (hereafter referred to as high density), again Para. had the highest population of

seedlings in most hawests.

Genotype and sowing rate effects : Separate analyses of variance were made on data

from each sowing system so that genotype differences at each sowing rate could be detected.

However, the interaction effects of plant Genotype x Sowing Rate were signif,rcant (Table

5.1). Plant number/m2 showed a self-thinning over the growing period at each sowing rate

(Tables 5.2 and 5.3). High plant population of Pa¡a. in most conditions resulted in higttly

significant differences in plant density between genotypes. At the end of the season Para. had

the greatest decline in plant density when sown at equal seed weight.
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Table 5.1 Summary of analyses of variance for medic plant density
(based on natural logarithms)

Harvests (H)

WAET No.

Coefficient of
Yar. 7o

6.0
6.3
5.1
4.9
5.3
4.2
4.0
5.0

t Weeks afteremergence

From Table 5.2 it is clear that there has been self-thinning of the smaller-seeded medics (Para,

Rigi. and Rota.) but no obvious reduction in density of Sava. Ilowever, in Table 5.3 the data

shows a reduction in density of all four genotypes.

Table 5.2 Ptant densities (#lm\ of four medic species sown
at equal sowing rates in Jordan 1986

Genotypes
Days
after

emergence Sava Para. Rigi. Rota

4
6

8

10

t2
T4

16

18

H1
tf2
H3
H4
H5
H6
H7
H8

128
42

56
70
84

98

tt2
I t26

675

548

42r
43r
536
594
485

476

Sowing
Rate
(sR.)

pe
)

Genoty
(Gen. Gen. x SR.

P<0.05
P<0.05
P<0.001
P<0.05
P<0.01
P<0.001
P<0.01
P<0.001

P<0.001
ns

P<0.001
P<0.001
P<0.01
P<0.01
P<0.001
P<0.001

P<0.001
P<0.005
P<0.001
P<0.001
P<0.001
P<0.001
P<0.001
P<0.001

t78
255
111

t34
116

170
94

150

773

723

658

594

545

586

575

480

625

588

478

381

&
63
471

359

f Dates : Day 28 = 12 Jan 1987; Day 126 = 20 April 1987
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Table 5.3 Plant densities (#lmz¡ of four medic species sown
to equal seed number (825/m2) in Jordan 1986

Genotypes
Days
after

emergence Sava

5.3.2. Herbage Production

Analyses of variance on herbage yield data a¡e summarizrÃin Table 5.4 while growth curves

for the two systems of sowing are in Figures 5.1 and 5.2 and supporting data in Appendix

Tables 4.1 and 4.2. The significant interaction berween Sowing Rate and Genotype (Tables

5.4 and 5.5) reflects the impact of the large-seeded Sava on herbage production which

persisted until 14 weeks after emergence.

28

42
56
70
84

98

tL2
126

Days
after

emergence

28

42

56
70
84

98

tt2
L26

Rota.

773

610

6t9
661

609

656

626
&3

Coefficient
of variation

(7o)

Table 5.4 Summary of analyses of variance for herbage
yietd of four medic species at equal sowing rates
and equal plant populations

29.2

27.8
42.2
43.6

22.r
31.8
25.0
t9.2

Para. Rigi.

745
605

499

426
320
479

388

378

798
803

690

689

586

639

6s9
6t6

633

633

476
499

499

496
488

36r

Genotype

(Gen.)

Sowing
Rate
(Sn¡ Gen. x SR

P<0.001

P<0.001
P<0.001
P<0.05
P<0.001
P<0.01

ns

ns

P<0.05
P<0.001

ns

P<0.05
P<0.05
P<0.05

ns

ns

P<0.01
P<0.001

0<0.001
ns

P<0.05
P<0.05

ns

ns



Table 5.5:

Days
after

emergence

I 126

I 126

42

84

92

Herbage yield of four medic species sown at equal rates and equal
seed numbers per unit area in Jordan 1986

Genotype x
Sowing
Method

NS

na

***

***

T This date was 20 April, prior to maturity
na notanalysed

Sowing
rate

M. scut. M. trunc.
cv. Sava cv. Para.

M. rota.
Sel L943

M. rígí.
Set 716

208
2M

EXCLUDING PODS

INCLUDING PODS

1101
1183

6148
6693

4074
6497

4,4.34

7235
9012
9507

r67
t70

rL37
t344

T7T
434

722
t892

r43
205

837
93r

4662 5169
6115 5255

6748 6215
7958 6204

3Okg/ha
825 sæ'dlm2

30kg/ha
825 seeds/m2

3Okg/ha
825 seeds/m2

3Okg/ha
825 seedlm2
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5.3.3 Yietds of Pods and Seed in 1987

Pod yield : The summary of analyses of variance on pod and seed data is given in Table 5.6

while actual pod numbers and pod yields are summarized in Table 5.7.

Table 5.6

TreaEnents

Genotype

Sowing Rate

SR.
Gen. x SR.

Table 5.7

Genotypes

Sava

Para.

Rigi.
Rota.

Summary of the analyses of variance on the parameters of
pods/m2, pod yield (kg/ha), pod index (9/100 pods), seeds/pod,
seed yield (kg/ha) an I Seed Index (9/1000 r eeds)

Seed Index
(g/1000 seed

P<0.001

ns

Pod yield (kg/ha) and number of pods/m2 of medic at two sowing
rates (equal seed weight and equal seed number) on 12 June

Equivalent seed number

Pods (#lmz) Pods (kg/ha)

&84
5519

4t&
4901

ns

LSD (5%) Pods (# m2) = 955
LSD (57o) Pods (kg/ha) = 1688

Seed yield : Data on seed yield are summarized in Table 5.8. Sava produced most seed

which probably reflected its ea¡lier maturity and drought capability.

Seeds
(#/pod)

Pod
#lm2

Pod yield
(kg/ha)

Pod index
(g/100 pods)

Seed yield
(kg/ha)

P<0.001
ns

NS ns

001

ns

P<0.001

P<0.005

ns .05

.001

.05

ns

.01

ns

Equivalent seed weight

Pods (#lmz) Pods (kg/ha)

2506
4818

3821
403r

6883

5355

4L53

3548

2668
4977

3860

5678
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Table 5.8

Genotype

Sava

Para.

Rigi.
Rota.

Sava

Para.

Rigi.
Rota.

Sowing Method
Sig. of Diff. Genotype

Seed yield (kg/ha) of medic genotypes at two
sowing rates (equivalent seed weight and seed
number)

Mean seed
yield

1860

r4ø.8

L2L2

t268

LSD (57o) for interaction Genotype x Sowing Method = 434

Seed index : The weight of 1000 seeds at both sowing rates was measured. While the effect

of genotype was highly significant (P<0.0001) there was no effect of sowing rate. However,

mean seed weight decreased slightly with increasing sowing rate for all genotypes. Mean seed

indices are in Table 5.9.

Table 5.9 Seed Index (g/1000 seeds) of four annual
medics grown at equal sowing rate and equal
seed number

Genotype Average

13.51

4.55
4.71

6.52

n.s.
P<0.001

Equiv. Seed
Number

Equiv. Seed
Weight

1808

1475

ItTl
1306

t9t2
r42r
L253

t23r

Equivalent
seed weight

Equivalent
seed number

13.70

4.59
4.78
6.67

13.30

4.52
4.63
6.38

Generally, mean seed weight decreased slightly with increasing sowing ratc for all genoqæes.
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5.3.4 Germination Tests of Seeds in Pods

Clean pods of all four species were brought from Jordan to Adelaide. However, routine

fumigation treatment of pods (with high concentration of methyl laomina for a prolonged

period) appeared to not only kill all soft seeds but also ha¡d seed which was dissected from

pods and still did not geminate following scarification.

5.4 Discussion and Conclusions

Changes in plant density : Para. generally had the highest plant density which is

attributed to its smaller seed size. Conversely, Sava with the largest seed size had the lowest

plant densities with both methods of establishment. However, there was apparently a high

level of competition between plants at higher densities. Compeútion for light and moistu¡e

may have been strong. Donald (1963) noted in subterranean clover swards that mortality was

due especialty to competition for light. Thus, a great reduction with time in plant number was

observed in the medic swards especially at higher density. Simila¡ results were reported by

V/estoby and Howell (1982): at high density mutual shading occurred resulúng in self-

thinning. Davidson and Donald (1958) concluded that some plants died in high density

communities.

In comparison, the plant density of the genotypes Para. and Rota. was not large enough to

create the same level of reduction as found for Sava and Rigi. at the higher sowing rate.

Despite the great plasticity of plants, the competition at high densities may be so sevete that a

considerable number of plants will die @onald 1963). Donald (1951) found that the higher

the density the earlier the growth stage at which the competition starts. This appears to have

happened to Sava sown at high density: in some cases there was a rise in plant numbers of

Rota. beyond Ha¡vest 4 at both densities. This may have been due to late emergence of

seedlings increasing the plant numbers in the following samplings, or to reduced dormancy

and breakdown of hard seededness with time, or simply to variability of quadrat sampling

sites.
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Effects of plant density are most likely due to differences in canopy stn¡ctrue or to differences

in photosynthetic capacities of the leaves forming the canopy. Yates (1961) found that as plant

density increased, the differences in herbage production between strains declined. The same

pattern was found for all genotypes except Sava with high density, (Fig. 5.2) which may be

attributed to seed size effect which gave large plants. White and Harper (1970) inferred that

the first plants to die in Brassica were the smallest plants.

Medic herbage yield : The early-maturing genotype Sava had the highest yield of herbage

at both sowing rates. In winter, herbage yield depends strongly on density (Adem 19771'

Silsbury et aI. L979). Many research workers came to the same conclusion that, at the end of

the season, yields of plants were independent of sowing rate. @onald 1951, 1954, 1963;

Silsbury and Fukai 1977: Silsbury et al. 1979, Prioul and Silsbury 1982). The high yield of

the genotype Sava can be attributed to large inital plant size even though the plant population

was the lowest at low sowing rate.

However, Rota. gave the highest herbage yield by the end of the season at low density, and

the lowest yield when sown at high density. It should be noted that a much higher proportion

of dead mate¡ial was prcsent in the high-density stand owing to plant mortality. Our results are

consistent with the results of Særn (1965) for subterranean clover.

Overall, the highest medic herbage production at the end of the season was 6693 kg Dlvl/ha for

Sava sown at824 seeds/m2. However, no significant differences in herbage production were

detected between the two sowing rates and the genotypes and their interactions. Lawson and

Rossiter (1954) found no differences in yield of sub clover cultivars sown at equivalent

weights of pure germinating seed per unit area.

Seed yield : Plants at normal field spacing are smaller, have fewer stems and leaves, fewer

inflorescences, and fewer seeds than widely spaced plants. Donald (1963) stated that in sub

clover swards, the dry matter yield and the seeds per plant (as well as the number of
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inflorescences per plant) all fell progressively with increasing density. The seeds per

inflorescence and the weight per seed actually rose to a peak value as density was increased

and then fell. He also found the same trend with wheat grain yield decreased by 257o at very

high density. Donald (1954) also stressed that the relationship between density and seed

production depended on season and time of incidence of intraplant and interplant competition.

The big loss of plants of Sava and Rigi. at the high density may have influenced their seed

yields. The other genoq?e Rota. had higher seed yield as sowing rate increased, but this did

not occur for Pa¡a. which had the same sowing rate in each treatfnent. Howeveç Para. had

greater seed numbers per pod compared to the other genot)4)es, but small seed size limited

seed yield. Total seed yield did not significantly change in relation to plant density. The

response of seed production to sowing rate was genotype-dependant. Sava and Rigi. showed

a negative response to plant density, while the seed yield of Rota. increased as sowing rate

increased Similarly, Donald (1963) rcported that a major factor influencing optimum sowing

rate for any particular crop is the genotlTe. The cold-tolerant Rigl. was the only genotype that

did not show any significant relationship between seed yield and herbage production. Sava

was two weeks earlier in flowering and maturity grading, while Rota. was the laæst-maturing

genotype used and did not have any reduction in seed yield (highest level of total seed

production 1 808 kg/ha).

Seed index : Decreases in seed weight as initial sowing rate increased were clea¡ for all

genotypes. It has been suggested @onald 1954) that the greater seed weight and number of

seeds per inflorescence will be at intermediate sowing rate, seed size and seed numbers will be

reduced with somewhat denser stands of sub clover. Medic plants will enter plant competition

earlier as density increases and this will be responsible for seed index reduction. Inter-plant

competition may explain why all genotypes had slightly depressed mean seed indices at the

higher sowing rates.

As sowing rate increased the mean pod weight and seed weight decreased. However, the

number of seedsþod were increased as sowing rate increased. This confirms the results of
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Donald (1963) where the number of seeds per inflorescence rose to a peak as the sowing rate

increased and then fell. Differences in numbers of seeds/pod and seed index arc not significant

for the interaction of Genotype x Sowing Rate.

The results of this experiment have shown that the early season herbage production of annual

medic-based pasture strongly depends on seed size and plant density. High plant density is

recommended for high early winter production. However, this is pa¡tly dependent on the

genotype: for example, Sava had less seedlings per unit area than other genotlpes sown at

equivalent seed weight but still had good herbage production. Results clearly show that there

are no differences in early herbage production between genotypes when the sowing rate was

equivalent in weight of pure germinating seeds. High medic density in a pasture improves the

yielding ability of that pasture; however, high density and high yield does not necessarily

produce more pod and seed. Also, high density causes a very big loss in number of

plants/m2, the reduction in plant number (about 5O7o) was very severe with Sava and Rigi.

However, at the end of the season, herbage yield was independent of sowing rate. Yields

reach a ceiling depending on density, light interception and soil moisnre.

The results from this experiment also show the relationship between herbage production and

seed yield. Generally, the genotype Sava, which produced the most herbage, also had the

highest seed yield. This was the trend for the highest and the lowest-producing genotypes

Sava and Rigi. respectively. In addition, Rota. produced more herbage and seed yield as the

plant density increased. The genotypes such as Sava and Rigi. had further increases in

herbage yield as sowing rate increased, but seed yield did not follow the same pattern.

Management of pastures should aim for high herbage and seed yield at the same time. High

production of seed and survival of seed is essential to ensure replenishment of the soil seed

bank and provide enough seeds for regeneration in the next season and for summer-autumn

livestock feed when there is abundant seed on/in the soil surface.
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6. FIELD EXPERIMENT 3 : EFFECTS OF TIME AND FREQUENCY
OF DEFOLHTION ON HERBAGE AND SEED PRODUCTION OF
ANNUAL MEDICS IN SOUTH AUSTRALIA

6. 1 Introduction

It is a common belief amongst glaziers that grazing of both medic and subterranean clover

pastues increases herbage and seed production. On the other hand, most of the experimental

evidence for cereals (Ilolliday 1956; Nishimura and Arata 1957: Ald¡ich 1959), and for a wide

mnge of crop plants (Chesær 1950), indicates that defoliation leads to a reduction in seed yield.

There are, however, some cases cited by Holliday (1956) in which cereal grain yields were

increased by grazing and these were usually associated with ecological conditions conducive to

vigorous vegetative growth. Medic pastures may rcspond similarly to defoliation.

The growth of all pasture species varies geatly throughout a year : it is governed by seasonal

effects and growth rhythms of the plants themselves. Different species exhibit different

growth patterns. However, there are four types of genotypes and cultivars disúnguishable by

their habit of growth. These are : erect, semi-erect, semi-prostrate and prostrate. The effects

of grazin-g or defoliation on dry maner yield and subsequent plant rcsponse will be influenced

by plant growth habit. Controversy exists as to whether mechanical defoliation simulates

grazing or not. When many genotypes with different habits of growth and different canopy

structures are tested under cutting or grazing regimes, there will be differential responses to

defoliation treatments. Thus, when animals gr:aze pastures, they remove most of the lamina,

depending on stockrate and duration of grazing. Mowing plants to a certain height, however,

par:ticularly at early stages of growth, may not remove the first extended leaves, especially in

the case of cultivars with a prostrate glowth habit. Therefore, the remaining leaf a¡ea of

mechanically-defoliated plants may be greater than that of grazed plants and rate of regrowth

may be increased in proportion to the amount of photosynthetic tissue remaining below the

height of cut. Differences in responses to defoliation between species and cultiva¡s may be

related to growth habit, rate of leaf appearance, leaf area expansion, and carbohydrate levels in

roots or stems (Jones et al. L979; Zarrough and Nelson 1980).



r î;'lgi ïi T,Jii:,

r01
rilii-ÀRY

In general, tlre results reporæd by Donald (1941) showed that as the inænsity of defoliation

increases, yield of shoot tissue decreases. Similar results have been obtained by varying the

fr,equency of defoliation, the greatest reductions in yield having occurrcd where the defoliations

have been most frequent. Lowe and Bowdler (f980) suggested that damage from severe

cutting management could be reduced by læ< cuning in subsequent defoliations.

This freld experiment at the Waite Institute was designed to examine the herbage and seed

production of four annual medic cultivars and genotypes (viz. Sava, Para., Rigi. and Rota.) as

affected by the time and number of mechanical defoliations

6.2 Materials and Methods

6.2.L Site of Experiment: The experiment was located at the V/aiæ Agricultural

Research Institute (34" 28'S I-atitude 138" 38'E I-ongitude with an elevation of about 122.5m)

nea¡ Adelaide, South Australia, on a hard-setting red brown earth soil (Piper 1938; Litchfreld

1951). The physical and chemical soil characteristics are given in Table 6.1. Because of the

high silt and clay content, this soil has a problem of surface sealing with consequent reduced

seedling emergence, especially following excessive tillage or traffrc.

Table 6.1: Some physical and chemical data on a typical Urrbrae fine
sandy loam (0-10cm)

Water holding capacity

Sticþ point
Wilting point

Apparent specific gravity

Soil pH l:5 waær

Exchangeable cations (m.e.) - Ca+

Mgt.'
K+
Na+

27.3Vo

22.6Vo

6.9Vo

l.32glcc
6.0
4.50
r.37
0.83
o.32

Coarse sand

Fine sand

Silt
Clay
Organic carbon

Nitrogen (N)

2.l%o

43.7Vo

34.89o

18.07o

r.33
0.10
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Mean climatic data for the Waite Instituæ andrainfall for 1988 a¡ç summarized in Table 6.2

Table 6.2 Monthly rainfall (mm), mean maximum and minimum air
temperature (oC) at Waite Agricultural Research Institute' South
Australia.

Dec.

Rainfall LTt
Rainfall 1

Max. temp.

Min. temp.

29.9

37.0
27.5

16.0

T Long ærm 1925 - 1989 Max. temp. and Min. temp. oC. for 1988

6.2.2 Experimental design and treatments

The experiment was designed to match Experiment2 in Jordan. The same seed source was

used for each genotype. Seed of M. scutellata cv. Sava andM. truncotula cv. Paraggio was

taken from Adelaide to Jordan while seed of M. rigíùia andM. rotctta were taken from Jordan

to Adelaide. In this way it was expected that the relative performance of genotypes in Jordan

and South Ausralia could be assessed most accurately.

This field experiment was laid out as a complete randomised block with 4 replications.

Treatments comprised: Medic genotypes (4) x Defoliation treatments (4) x Blocks (4) = 64

plots. Individual plot size was 5 x2m. The four genotypes were: M. scutellata cv. Sava

(hereafter referred to as Sava) , M. tuncatula cv. Paraggio (hereafter referred to as Para.) M.

rígidula Sel. 716 (hereafter referred to as Rigi.) andM. rotata Sel. 1943 (hereafter referred to as

Rota.) Mechanical defoliation treaÍnents were as follows:

(Ð No Defoliation (DO) as a contol.

(ü) Defoliation Early @E) at flowering stage (on 19 Sepæmber, 84 days after emergence).

(üi) Defoliation Late @L) at pod stage (on 31 October, 126 days after emergence).

(iv) Defoliation Early and Late @EL) on both dates.

The 16 treatrnents were allocated atrandom within each Block (see Diagrams 6.1 and 6.2)

May June July Aug. Sept Oct. NovJan. Feb. Mar. Apr.

36.9
44.6

22.1

t2.9

23.4
32.6
29.2
17.4

24.3

23.4
26.2
15.5

23.8
28.2
27.3
r7.4

54.9

15.0

22.5
t2.9

80.3
120.6

19.2

t2.6

74.6
113.6

16.1

10.1

87.9

76.4
14.9

9.1

74.8
60.0
16.1

9.1

61.9
66.4

19.9

11.3

52.6

14.8

22.2
t2.2
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6.2.3 Establishing the Experiment

A fine weed-ftce seed bed uras prepared and the experiment was sown in early winter on 17

June 1988, using a sowing rate equivalent to 3Okg/ha of pure germinating seed. The same

method of sowing and sampling (using pre-placed galvanized quadrats) as used in Experiment

2 was followed but 100kg/ha lime was added to the sand-superphosphaæ-seed mixturc to assist

hand-sowing of plots. On 2 Juty 1988 the experiment was given an irrigation of 20mm to

assist germination and emergence, with a further 25mm on 14 July as rainfall was below

average (Table 6.2). Sixteen galvanised wire quadrats (25 x 40cm) were arranged shortly after

sowing on each treaünent plot (see Diagram 6.2). The plots were divided into east and west

sections (i.e. 8 quadrats per half-plot).

Establishment counts were made on 28 July, when the medic plants werc at the first leaf stage.

These mean emergence counts were derived from four 0.1m2 quadrats in each plot and the

means were an average of 16 random counts for each genotype. On 1 August and 7

September, the experiment was sprayed with Ca¡betamex@ (3kg/Ta) to control wireweed and

with Fusilade@ (5O0m|ha) to control grasses. Soursob (Oxalis pes-caprae) was controlled by

hand weeding on 19 luly and 7 September. The experiment was given a supplementary

irrigation of 25mm on27 October.

6.2.4 Mechanicat Defotiation and Herbage Sampling

The early defoliation (tnearnents DE and DEL) of all genotypes wÍts made at flowering time on

19 September (84 days after emergence) when the soil and weather condiúons were favourable.

A heavy-duty totary mower was used to defoliate at 5cm above ground level. The cut material

was removed from the plots by raking immediately after mowing. Herbage removed by

mowing was dried in a forced-draught dehydrator at 85oC for ?A hr and weighed.

The late defoliation rreatment (DL) and the second cutting of the (DEL) treatment of all

genot¡rcs were carried out at the early pod stage on 31 October (126 days after emergence and
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42 days after the early defoliation). Procedures were the same as for early defoliation. The

plots were sampled just before and after each defoliation Eeatment in order to assess the actual

harvested dry matter and the residual dry matter after defoliation. Plots were also sampled at

intervals throughout the season as for Experiment 2, so that the patterns of growth and

regrowth and the effects of defoliation and residual dry matter on regrowth could be assessed.

Ha¡vest dates for manimum accumulated herbage dry matter ylelds and seed production are

shown Cfable 6.3).

Tabte 6.3 Number and dates of samplings for determining herbage and seed
yields. (All sampting based on 2 x 0.1m2 quadrats)

Harvests Plot Sampling

Dates Measurements based on
dry weight

Medic herbage2t
42
63
84

105

H1
H2
H3
H4
H5
H6
H7
H8
H9
H10

18 July 1988
8 Aug. 1988

29 Aug. 1988
19 Sept. 1988
10 Oct. 1988
31 Oct. 1988

21 Nov. 1988
12 Dec. 1988
2 Jan. 1989
31 Jan. 1989

126 (b)
I47
168
189
2L0 (c)

tl

il

(a) Medic & weed herbage

Pods only for seed yield

Days after
emergence

(a)
(b)
(c)

Just before early defoliation @E)
Justbefore laæ defoliation @L)
Seed yield samples (2 quadrats of 0.1m2) were taken on 31 January 1989
in each trreatmenL

6.2.5 Data Collection

Medic emergence : Counts (plants/m2) were made on four of the sixteen 0.1m2 sampling

sites on each plot and sampling procedure. For assessing pasture production, plots were

sampled 9 times throughout the growing season. Medic plants were sampled at random from

the areas between quadrats in Harvests 1 and 2 only and han¡ests were randomized among the

eight quadrats (7 of these quadrats were used for the herbage harvests). Harvest 3,

corresponded with quadrat position 1 and Harvest 4 corresponded with quadrat position 2 and

so on. Quadrat position 8 was used for the seed harvest. In brief, on each harvest occasion
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two quadrats were taken per plot, one from the eastern half and one from the western half of

each plot

Yield of herbage and seed : Medic plants were cut to just below ground level so that

plants could be counted. All herbage samples were dried at 85oC lor 24 hours in a forced-

draught dehydrator. Other measurements made at each harvest occasion included total herbage

yield of medic and yield of weeds. A seed han¡est was made on 31 January 1989. East and

west samples were taken on each plot. A stiff, fibre hand broom was used to collect the

samples (all pod and dry residue materials \¡/iúin ttre quadrat). The samples were d¡ied at 40oC

in a forced-draught dehydrator for 24 hours to ensure uniform drying. All samples were

processed by removing the pods by hand from the dry pristure residues prior to weighing,

dissecting and threshing operations. Yield components measured from the seed hanest werc :

pod number/m2, pod yield (kglha), dry weigh¡ of 100 pods, seeds/pod, total seed yield (kg/ha)

and mean seed index (9/1000 seeds). From subsequent germination studies the following werc

determined : hard seed percentage, soft seed percentage, (permeable, readily-germinable),

dormant seed percentage (permeable, swollen seed but no germination).

6.2.6 Statistical Analyses

A Genstat statistical analysis program was used to analyse ttre data on dry maner yield andis

components from all harvests as well as seed yield and its components. Least significant

differences were calculated as in Experimentz,1987. Because defoliation treatrnents were

incomplete at samplings up to 31 October, the data were analysed in separate groups as a

randomized compleæ block design.

6.3 Results

Description of the results summarise the main effects such as defoliation levels and genotype.

First order interactions such as Defoliation x Genotlpe are described if they are significant.

Tables in Appendix B contain the actual values which have been used for the Figures. Also,

there are Appendix tables for the herbage harvest and seed ha¡vest
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6.3.1 Medic Plant Populations

In the year of sowing (1988) emergence counts were made on 12 July. The data required

natural log transformation. Counts were made along four transects across each of the fou sets

of ueatnentplots (256 counts made).

Genotype effects : The number of medic plants (#lm\ va¡ied according to the genotype.

The mean seed weight of Sava, Para., Rigi. and Rota. were 20.5, 4.0, 5.6 and 6.5mg

respectively, hence plant numbers were dependent on seed weight which determined the

number of seeds sown for each cultiva¡. As Pa¡a. had considerably smaller seed, there were

more seeds sown resulting in higher plant populations of seedlings than the other genot'?es

(460 plants¡-2¡ which gave the highest establishment percentage after Sava genotype (Table

6.4). Hence, differences between genotypes were highly signifrcant (P<0.001) as shown in

Table 6.5. All genotlpes showed a decline in plants/m2 as the ptants aged (fabte 6.6). Of the

genotypes, Paraggio had the highest reduction in plants/m2 starting with 403 plants/m2 and

finishing with less than50Vo of the original plantpopulation atHarvest 1 (H1) by the endof the

growing season. Hence, Paraggio was the only genotype which had a significant relationship

(P<0.5) between plants/m2 and the time of sampling (Table 6.7).

Defoliation effects : The effects of defoliation treatments on plant numbers per unit area

were mostly non-signifrcant as shown in Table 6.5. The same trend of reduction in plants/m2

was found with all defoliation treatrnents as the time of sampling progressed and DL had the

most severe reduction in plants/m2 where only a quarter of the plants survived until the end of

the growing season (Table 6.8). However, the effect of early defoliation was significant at H5

and H6, while the late defoliation had a signifrcant effect on plants/m2 at H7 and H9.

Genotype and defoliation interaction effects : Analysis was made on each defoliation

level separately, so that genotype differences at each defoliation regime could be clearly seen.

According to data in Table 6.9, clear differences in plants/m2 were between genotypes rather

than between defoliation treatments. The genotypes Para. and Rigi. always had the highest

plants/m2 compared to other genotypes, which reflects their small seed size and seed weight but
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not defoliation effects. However, no significant interaction between genotypes and defoliation

regimes u/as detected in this experiment (Iable 6.5).

6.3.2 Medic Herbage Production

Data on the productivity of the four genotypes with and without defoliation a¡e summarised in

Tables 6.10 to 6.15 and Appendix B, Figures 8.1, 8.2, 8.3.

Genotype effects : Herbage dry matter production va¡ied according to the productivity and

adaptability of the genot)?e to thc environmental conditions. Differences in herbage production

between genotypes were highly significant (P<0.001 transformed data) during the growing

season (Tables 6.10 and 6.11). During winter, Pa¡a. and Sava yielded most herbage (Harvest

1 to Harvest 4), while Rota. gave the lowest herbage yield for the full season. However,

during spring herbage production, Para. was still the best yielding genot)?e (7376kgDlvlha) at

Harvest 7 followed by RiSr. which gave 6123 kgDlvl/ha at the same harvest but yielded 7165

kg Dlvf/ha at Hanest 6.

All genotypes showed herbage yield increases with time up to Harvest 6 and then declined

rapidly as shown in Appendix B, Fig. l. By the late winter (ust before DL), Undefoliated

genotypes had produced much more dry matter than any genotype defoliated early (Table

6.12), but the relative differences between the genotypes was maintained, with Rigi. producing

marginally more than other genotypes and Rota. being the lowest-producing genotype over all

the teafnents.

Defoliation : Although all defoliation treaunents decreased the final yield of herbage by the

end of the season, the early defoliation (DE), which resulæd in a growth curye nearly parallel to

that of the non-defoliatedplants (Appendix B, Fig. 2),1ed. to areduction of 2tlha at Harvest 6,

which was highly signifrcant (P<0.001) comparred to control yield-
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At the final Han¡est (tI9) for total dry matter yield the difference in herbage yield was reduced

between the control andearly defoliation (Table 6.13). Mor€over, this difference was reduced

to less than ltlha of cumulative dry matter yield when the herbage removal at the early

defoliation was added to the ma:cimum final dry matter present at the end of the season (Table

6.14).

On the other hand, thc late defoliation (DL) had a severe effect on herbage yield as it removed

the growing points and primary and secondary branches of all genotypes. Regrowth,

therefore, was caried out by the newly-initiated branches and g¡owing points afterdefoliation.

Although moisnue stress and high temperatures \t/ero not experienced afær the late defoliation

under the conditions of the experiments, the short time span from late branch initiation to

maturation accelerated crop development and resulted in poor dry matter yields (847kgfha) at

Han¡est 9, while the control treaünent gave the highest herbage dry matter yield (5560kg/ha)

(Table 6.13).

Data in Table 6.12 also show that the Rigi. and Sava genotypes were both superior to Para. and

Rota. in their dry matter production in late October and just before the late defoliation (DL).

This indicates rhat Rigi. and Sava are the most productive genotypes for hay cuts or early

grazing. Generally, maximum dry matter yield obtained from early-defoliated genotypes was

mofe than double that of the late-defoliaæd genotypes as shown in Table 6.14.

The average cumulative dry matter yield produced from H5 to H9 (after early defoliation to the

end of the season) was reduced only 3O7o by DE, 54Vo by DL and TOVo by DEL compared to

the control trearments DO (Table 6.13). However, there is little doubt that plant senescence

with leaf drop and disintegration / rotting would have contributed to the apparent decline in

yield. Certainly, realistic yields were recorded only up to Harvest 7.

Genotype and defoliation interaction effects : Table 6.15 shows that the undefoliated

Rigi. which grew more slowly than Para. and Sava over winter made faster growth later in
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spring. Furthermore, the forage genotype Rigl., even with early defoliation which removed

most of its photosynthetic material in winter, produced more dry matter than Sava and Rota-

over all the defoliation regimes. However, Para- significantly outyielded the other genotlpes

with all treatments at the end of the season (Hanrest 9), whilc Rota. ñnished the season with a

very poor dry matter production (229kgDlvl/ha). On the other hand, the interaction between tlre

genotypes and dcfoliation regimes were not significantly different from Harvest 1 to Harvest 7

but were significantly different at Harvest 8 and 9. The early defoliation @E) was the most

productive defoliation regime for all genotypes. As stated previously, the results for Harvests

8 and 9 must be accepted with caution.

The highest maximum cumulative dry matter yield was l3966kgDMlha produced by

undefoliated Rigi. followed by undefoliatedPa¡a. l26a3kgDMlha (Table 6.L4). Furthermore,

the interaction between genotype and early defoliation were not significant except at Hanrest 5

and Harvest 9. No signifrcant interactions were found between cultivar and late defoliation

except at Harvest 8 (P<0.05). Under the twice-defoliated regimes the only signif,rcant

differences between herbage yield were found at Harvest 8 (P<0.01) and Ha¡vest 9 (P<0.05)

as shown in Table 6.10.



Table 6.4 Potential and actual plant density and establishment
percentage of four annual medic genotypes

Genotypes Establishment
(%)

tt2

Sava

Pa¡a.

Rigi.
Rota.

Tabte 6.5

Harvests

Treatments H1

Genotype
(Gen.)

Defoliation
Early (DE)

Defoliation
Late (DL)

Gen.xDE
Gen.xDL
DExDL

Gen.xDExDL

Coeff. of
Var. (%)

Summary of analyses of variance on establishment data for
medic (Based on transformation to natural logarithms)

78.7

6r.3
60.0
25.3

ns

H9

***

ns

ns

ns

xx
ns

12.6

Actual
(plants/m2)

Potential
(plants/m2)

150

750
535
462

4û
n8
tt7

118

H6 H7 H8H2 H3 H4 H5

ns

ns

x

ns

***

ns

ns

x

ns

ns

ns

ns

***

xx

ns

ns

ns

ns

***

ns

xx

ns

ns

ns

ns

ns

***

ns

ns

ns

ns

ns

***

NS

ns

ns

ns

ns

ns

***

ns

ns

ns

ns

ns

x

ns

***

ns

ns

ns

ns

x

ns

***

ns

6.7 5.5 7.2 t.7 7.85.1 9.3 6.2

ns = not significant; * P<0.05; ** P<0.01' *** P<0.001
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Table 6.6 Mean plant densities (plants/m2) for four genotypes at nine
harvests

Harvest Sig. ot Diff.

0.001
.001

.001

.001

.001

.001

.001

.001

.001

Table 6.7 Intercept (a) and regression coefficient (b) of the regression of
plants/m2 on time of sampling (days after emergence)

Genotype F probability

H1
\12
H3
H4
H5
H6
H7
H8
H9

Sava

Para.

Rigi.
Rota.

ns

0.05
ns

ns

Para. Rigi. Rota. LSD (s%)Sava

m3
508

389

448
494
323
362
360

189

222

n9
299
2M
288

207

389

207

135

81

126
129

1M
109

88

r46
89

36

35

83

59

61

50

42
100

43

4

91

L22

138

Lt4
98

89

t25
93

il

ra b

- 4.1

24.6
- 7.0
- 4.6

0.492
0.698
0.266
0.383

t24.3
509.5
287.3
t23.6
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Table 6.8 Medic densities (#lmz\ under four defoliation treatments

Harvest LSD at 5%

50

44

H5
H6
FN
H8
H9

Noæ: Early defoliation at H4; Laæ defoliation at H6.

Tabte 6.9 Ptant density (#lmz¡ of four medics under four defoliation
regimes

Defoliations regime
Genotype

DO DL
(at H6)

Sava

Para.

Rigi.

96
r28
191
924

110

565
311
4t2
36t
Lt2
352
280
205
t94
198
65

188

136
98

178
86
28

105

Sig. of Diff.DE DEL DLDO

ns

ns

ns
,t*

¡ß265
155

2L3
205
108

206
189

185

16il

L25

269
186

369
184

62

249
L77

256
r93
129

DE
(at H4)

DEL
Harvest

96
90

t07
101
&
92

465
305
436
342
202
350

336
195
347
238
202
2&

99
119
L33
90
M
97

105
81

103
85
79
91

54s
265
291
432
180
343

23t
2tt
32r
199
t49
222

106
62

136
105
22
86

94
56
99
94
69
82

402
4tt
310
30s
2ffi
338

304
2I8
t94
192
126
207

96
72

139
76
48
86

H5
H6
H7
H8
H9

H5
H6
H7
H8
H9

H5
H6
H7
H8
H9

H5
H6
H7
H8
H9

mean

mean

mean

mean

Rota.
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Table 6.10

Treatments

Genotlpe
(Gen.)

Defol.
Early (DE) T

Defol.
Late (DL) fl

Gen.x DE
Gen.x DL
DE xDL

Gen.xDExDL

Coeff. of
Yar. (Vo)

Table 6.11

Harvest Sava

Summary of analyses of variance on data for medic h.erbage
productiõn (based on transformation to natural logarithms)

Max.
Cum.
Herb.

.001

0.001

.001

ns

ns

ns

ns

f Early defoliation afterH4 sampling lt Laæ defoliation afterH6 sampling

Differences in herbage production (kgDM/ha) of four annual
medic genotypes on eight harvest occasions

Genotype

LSD (57o)

July 18
Aug.8
Aug.29
Sept. 19
Oct. 10
Oct.31
Nov.21
Dec.12

9
24

105
311
579

2299
1655
13t2

H4

H1
H2
H3

H5
H6
H7
H8

H7 H8 H9H3 H4 H5 H6H1 H2

.001

.001

ns

ns

NS

.01

ns

.001

.001

.05

.05

.001

.05

ns

001

ns

ns

ns

ns

NS

ns

.001

.001

.001

ns

NS

ns

ns

.001

.001

ns

ns

ns

ns

ns

.001

.001

ns

ns

ns

ns

ns

.001

ns

ns

ns

ns

ns

ns

.001

ns

ns

ns

ns

ns

ns

0.00r

ns

ns

ns

ns

ns

ns

7.3 7.8 7.2 7.9 t3.48.3 10.6 6.415.0

Rota. Signif.Para. Rigi.

10
4
7l

438
860

2897
265r
1115

*:ß*
***
***
***
***
***
***
***

39
r39
439

1567
2955
&92
7376
ß77

29
87

230
1056
2012
7165
6123
3934

36
r32
36r

t420
2129
6377
5134
3857



Table 6.12 Bffect of early defoliation on
medic herbage yietd (kgDM/ha)
during spring

116

Genotype DO

Defoliation

Sava

Pa¡a.

Rigt
Rota.

9182
8637

9282
325r

DE

3572
4347

4847

2543

Table 6.13

Harvests

Effect of defoliation treatment on the herbage yield
(kgDl\{/ha) of medic (means of four genotypes)

Defoliation

DO DL TT

2790
6975

173l
1834

847

H5
H6
H7
H8
H9

Average 2835

f Early defoliation afterH4 TT Late defoliation afterH6

DEf DEL TT

2630
670t

r0532
5656
5560

t272
3967

7341
4074
5100

1266
3688

1679

t4l7
t3&

4350 18836215



Table 6.14

Genotypes

Sava

Para.

Rigr.

Rota.

Total yield of medic present at the time of each defotiation and the maximum cumulative medic yield (yield
data in kgDlVf/ha)

Herbage removed at defoliation- (kgDM/ha)
Defoliation regime

Cumulative herbage yield
(kgDM/ha)

Defoliation regimes

DL

6960

7860 \¡

6399

39843166

3393

6494

5842

DELDE

11415

7496

7867

4222

DO

t0334

t2&3

t3966

5184

DL

2381

529

1253

27&

DEL

3047

810

LL29

1728

DE

tt049

7547

669r

4078

DO

10334

r2&3

t3966

5184

Maximum herbage yield
(kgDM/ha)

Defoliation regimes

DL

4578

5t45

5096

3454

810
1453

4&
2984

220
3893

198
2158

DEL

805

366

320

t44

DE



Tabte 6.15 Pasture avaitability herbage yield of four medic genotypes grown under four defoliation regimes (kgDIWha)

DL

Harvests Rota.

æ

H1

H2
H3
H4
H5
H6
H7
H8
H9

l4
39

94
498

936
3895

529

516

229

Rigi.

28

78

255
1099

2197

1029s
1253

rt99
56E

Para.

39

166
5&

1742
4392

9396

n64
3136
684

Sava

39

118

s03

r2t5
363s

r0315
238r
2487

1906

Rota.

9

61

88

545

528

2415

810

630

390

Rigi.

29

93

316
952

1789

3924
t728
t676
l194

Para.

39

r57
28t

1322
2169
4&l
30n
1960

2580

DEL

Sava

5l
r67
209

1318

580

3772

tt29
1401

t292

Rota.

6

26

58

34
529

2671

4078

878

1659

Rigi.

26

100

t67
tt99
1863

5770

7547

5r46
6085

Para.

4l
130

39s
1473

2003

4053

11049

3762

6926

DE

Sava

32

r63
393

L6&
712

3373
6691

6514

5730

Rota.

t2
52

44

363
r47t
2608

5184

2434
2949

IgIR

34

76

181

973
2200

8n0
r3966
7713
6287

Para.

38

103

5t4
t732
3256
7878

t2&3
745t
7062

DO

Sava

23

82

337

r483
3589

8050

10335

5028

5940
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6.3.3 Weeds

A range of broadleaf and grass weeds were established in the treatment plots. Early in the

season the main broadleaf weed $ras sour sob (Oxalís pes-caprae), but other broadleaf weeds

such as wireweed (Polygorunn oviculare) and capewæd(Arctotheca calendula)hadbegun to

grow later. Wireweed became more dominant later in the season after the soursob had

senesced and matured- In spring, capeweed was the most prevalent in all the treatments. The

main grass weed was annual ryegmss (I-olitutt rígidwt) which becamc more dominant together

with capeweed as the season progressed. There were also volunteer cereal plants. The yield of

weeds was examined to assess the cffects of the weeds on the four medics at the va¡ious levels

of defoliation.

Tabte 6.16 Summary of analyses of variance of data on yield of weeds

Treatments H4 H5
Harvests
H6 H7 H8 H9

Genotype (Gen.)

Defoliation @)
Gen. x D

P<0.001
ns

ns

.001

ns

ns

0.001
ns

ns

0.01

ns

ns

.001

ns

ns

.001

ns

ns

Coeff. of Yar. (7o) 39.2 30.9 50.7 321.0 r7r.3 144.r

Genotype and defoliation level : Genotypes differed in the inability to suppress weeds

(Tables 6.16 and 6.17). The ability to supprcss weeds was mainly due to medic plant density

and growth habit (height). Generally, Sava and Para. with more-erect habit, gave the best

weed control particutarly at Ha¡vest 4 and 5 Clable 6.18). Rota. showed a limited ability to

compete with weeds during the full glowing season at different levels of cutting. This was

probably due to large losses of plant numbers. Overall defoliation had little influence on weeds

(Table 6.19). There were significant differences in the ability of any medic cultivar tested to

suppress weed growth over all the growing season (Harvest 4 to Harvest 9) for each of the

cutting levels (Iable 6.16). However, there is no significant inæraction between genotype and

defoliation in terms of suppressing weed growth (Table 6.20). The results also indicate that

herbage production of a genotype depends on its ability to control weeds. Medic herbage
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production was compared with weed DM for Hanests 4 to I{an¡est 9 to investigate the effect of

weed on herbage yield of annual medics. The differences between pasture comPonents are

highly significant (Iables 6.17 and 6.18) but there werc no signifrcant differences in toal yield

of the pasture (medic + weed). The available medic herbage yield will depend on the amount of

weeds prcsent in the treatnent.

Table 6.17 Available pasture, medics, weeds and the total pasture on
I JanuarY 1989 (Harvest 9)

Signif.
of Diff.

Medic
Wed
Total ns

Medicherbageyield,LSD (57o) = 749. WeedyieldlSD (5Vo) = 696' Total ns'

There is a clea¡ significant relationship between the medic yield and yield of weeds (Table

6.21). However, the yield of weed decreased as the herbage yield increased and vice versa for

each defoliation level (Table 17). Rota. lost its competitiveness by the end of the season,

presumably due to plant losses. Han est 8 and 9 showed a ma¡ked increase in the amount of

weedpresent in Rota. plots (fable 18).

Table 6.18 Influence of medic genotypes on yield of weeds (kgDM/ha)

:ß*:È
***

Harvest and
Days after
Emergence

sig.
Di ff.

of

H4 (84)

H5 (10s)

H6 (126)

H7 (r47)
H8 (168)

He (18e)

188

236
493

040

701

696

I

Rigi. Rota.ParaSava

3533
t963
5496

1306
3258
45@.

4313
t422
5735

3717
1947

566/.

LSD (57o)

Genotypes

Rota.Sava Para.

xxx
xxx
xxx
xx

xxx
xxx

ffi2
tt76
1228

906

1392

1963

1004

t574
2047

2653
2985
3258

602
811

806

LL46
1573

1947

486

728
1379

1049

13t7
r422
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Harvest

Table 6.20

Harvests

DO

DE

DEL

H4
H5
H6
H7
H8
H9

H4
H5
H6
H7
H8
H9

H4
H5
H6
H7
H8
H9

r2r

Effects of defoliation treatment on yield of weeds (kgDll[/ha)
Data are means from four medic genotypes

Signif. of
Diff.

ns

ns

ns

ns

ns

ns

Yield of weeds
each harvest

(kgDM/ha) in each genotype at

Rota.

H4
H5
H6
H7
H8
H9

H4
H5
H6
H7
H8
H9

tt93
1724
2t3r
3435
3188
2633

841
1563
2705
3061
4740
4003

611
r234
1804
2986
2126
396s

t37l
t778
1548
1131
1888
2430

Defoliation Treatment

DLDO

515

811

1353

1319

1871

2461

925
r135
Itt2

636
r435
1810

766
1195

1450

1959

1752
t787

488

1148

1545

18¿10

2209
2531

Para. Rigi.Sava

639
894
502

lo20
LOs4
1784

516
743

r981
t543
1906
968

7r7
t4r9
1184
1838
860

t765

805
978

2366
1596
2595

315 363
915

1400
1109
1274
2096

435
1311
1098
825

1225
L429

354
914

1483
679

2083
2M8

524
633

tL34
876

2060
n63

569
463
993
736

t2t5
t670

9n
911
6t3
320

1581
1645

497
793

tt40
809
871
953

903
1059
1148
283

1400
2213

DL
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Table 6.21

Genotype

Sava

Pa¡a.

Rigi.
Rota.

The relationship between medic herbage yield (x) and weed
yield (Y). A quadratic equation was fitted to the data of
theformY = a+bx+cx2

ignificance

.05

0.01

ns

0.01

6.3.4 Seed Data

Table 6.22 shows seed yield and its components for the mean of each genoqpe and defoliation

regimes and their interaction. The data give a useful comparison between the four medic

genotypes as well as within each genotlpe under the different defoliation.

(a) Genotype effect : Pod yield improved as the time progressed. All genot5pes showed

a similarity in their productivity of pods at H5 and H6 except Rota., the least productive

genotype in terms of pod yield- Savahad the highest seed yield (1335 kg/ha) which was about

double that of any other genotype. The lowest seed yield was obtained by Roø. (zl2kglha)

over all defoliation treatments, compared to other genotypes. However, there was a highly

significant interaction between genotype and defoliation for seed yield and its components.

There was a significant interaction between genotype and defoliation for seed yield and

components except with the seed : pod ratio. Furthermoro, there were no significant

differences in seed yield and components between defoliation treatments, defoliation early,

genotype x defoliation early, genotype x defoliation late and Genotype x DE x DL. The only

significant interaction effect between Genotype x DE and Genotlrye x DE x DL was found on

seed number/pd which more likely resulted in high seed yield. All these significant levels a¡e

summarised in Table 6.23. Hîghest seed yield, pod yield, seed : pod ratio and average seed

weight (seed index) were obtained from Sava (Iable 6.22a). Undefoliated treaünents of Para.

gave the maximum pod number, pod yield (Fig.6.11) and seeds/pod (Table 6.22b).

However, rhe maximum seed yield (2994 kg/ha) was obtained from early-defoliated Sava plots

c ra b

- 1.6

- 6.9

- 3.9

- 1.3

0.899
0.930
0.561
0.935

- lol2.4
- 616.6

443.0
- rr3l.2

1.3

0.8
0.4
4.9
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(Figs. 6.11a and 6.11b). Defoliation on two occasions caused a very severe effect on seed

yield in all genotlpes. Moreover, the interaction effect of cultiva¡ and defoliation \rras not

significant, with Sava having higher seed yields at all the defoliation levels, particularly when it

was early defoliated, while Rota. shows the lowest seed yield and yield components (Table

6.22a). Undefoliated treatments of Para. gave the maximum pod number, pod yield and

seeds/pod (Table 6.22b). However, the mærimum seed yield (1994 kg/ha) was obtained from

early-defoliated Sava plots. Defoliation on two occasions caused a very severe depression of

seed yield in all genotypes. Rota. gave the lowest seed yield and yield components (Table

6.22a)

b) Defotiation and interaction with genotypes : The early defoliation @E) of medic

genotype caused a non signifrcant average seed yield increment of about 167o, whereas the

other defoliations, DEL and DL, brought about a very serious reduction in seed yield of about

887o (fable 6.22b). Defoliation early in winter @E) brought a2L7o reduction in pods/m2 and

pod yield and about a 97o loss in average seed weight. Larger reductions occu¡red in the other

defoliation treatments particularly in DL leading to a sharp decline in the number of pods, pod

yield, seedsþod, seed : pod ratio and 1000 seed weight of about 797o,837o,4OVo,53Vo and

267o respectively (Table 6.22b). The seed : pod ratio, on the other hand was increased34%o

with the DE trearnent leading to a higher seed yield over other treaûnents. The increase in seed

yietd following early defoliation was most obvious with Sava and Rigi. (477o and l37o

respectively). Early defoliation also improved Rigi. productivity about I07o in pod yield and

l5Vo ln number of seedsþod as shown in Table 6.2?ß). However, data in Table 6.22 illustrate

that seed yield and its com¡ronents can be improved by early defoliation at flower initiation (84

days after emergence) while defoliation later in the season, at pod formation stage or afteç will

seriously reduce the seed yield and its components. All genotypes had increased seed yield

when pod and herbage production increased, However, Rota showed the smallest increase and

Sava the largest.
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Seed yield and yield components of medic genotypes as
affected by defoliation

Table 6.22

Trait

(a)

Genotype
Sava
Pa¡a.
Rigi.
Rota.

LSD (0.0s)

(b)

Defoliation
m
DE
DEL
DL

(c)

Gen. x Defol.
DO

Seed index
1000 seeds)

L6.7
4.7
5.8
6.4

0.9

9.9
9.0
7.4
7.3

19.9
5.3
6.3
6.1

18.0
5.0
6.4
6.6

14.0
4.6
5.6
5.3

Sava
Pa¡a.
Rigi.
Rota.

DE
Sava
Pa¡a.
Rigi.
Rota.

DEL
Sava
Para.
Rigi.
Rota.

DL
Sava
Para.
Rigi.
Rota.

t4.9
4.0
4.8
5.7

Seed yield
(kg/ha)

Po¿ (*/m2) Pod yield
(kg/ha)

Seeds/pod
(#/pod)

Seed : pod
ratio

3198
3r80
2899
923

804 0.3

4.0
4.6
4.3
2.8

38.0
16.3
r3.9
16.1

18.4

L335
600
583
2t2

696

t496
3298
2M8
1309

839

23.6
3s.9
13.6
tt.2

1115
1339
136
140

3698
29t9
1139
795

4738
3720
926
815

5.2
5.2
2.8
3.1

1589
1318
to24
530

r994
898

1180
283

291
122
108
23

466
&
20
t2

2321
6030
3894
2547

167r
4397
3852
1756

829
1805
t352
570

1163
96r
693
363

5548
&89
4852
2063

3834
444r
5369
1237

1253
1238
978
237

2t55
554
398
155

5.0
5.6
5.5
4.6

5.0
5.3
6.5
3.9

3.5
4.0
2-6
1.0

4.2
3.6
2.7
1.8

28.4
20.1
20.6
25.2

29.2
19.6
2L.L
22.8

22.1
t4.l
9.9
8.4

2r.3
11.6
4.t
7.9



Table 6.232

Genot¡pe (Gen.)

Defol.Early (DE)

Defol.laæ (DL)

Gen. x DE
Gen. x DL
DE XDL

Gen.xDExDL

t25

Summary of the analysis of variance on the effects of genotype
and defoliation on seed parameters

Seed Index
(g/1000 seed)

.001

ns

.001

ns

.001

ns

ns

Coeff. of Var. 14.7

6.4 Discussion and Conclusions

Plant population : Paraggio barrel medic with the smallest seed had clearly the highest plant

numbers which were greatly reduced by the end of the season: obviously, there was a high

level of intra-plant competition between the numerous but small plants of Paraggio and

dramatic self-thinning resulted. At high plant densities, mutual shading is common and often

causes self-thinning (Westoby and Howell t982). A less-spectacular reduction in plant density

also occurred in the other three genotypes (Table 6.6). Medic plant density declines most

rapidty when initial densities are high (Adem 1977; Silsbury et al.1979; Sartaj 1991). Therc

was no clear evidence that defoliation regimes had a significant effect on medic plant numben

because there was no significant interaction between cultiva¡ and defoliation üeaÍnents on plant

number.

Medic herbage production : The response to defoliation differcd in the species compared

in this experiment. Hence, comparisons between species should be made with caution because

the species differ greatly in general morphology (I-eigh and Mulham 1967). Also, the partial

defoliation Íeatments were not strictly comparable between species. Emphasis in this

discussion is therefore placed on treatment responses within, rather than between, species.

Pod yield
(kg/ha)

Seeds
(#/pod)

Seed pod
retio

Seed yield
(kg/ha)

Pods
Gtm2)

.001

ns

.001

ns

.001

ns

ns

.001

ns

.001

.001

.001

ns

.01

0.5
ns

.01

ns

ns

ns

ns

P<0.001
ns

.001

ns

0.5
ns

ns

.001

ns

.001

ns

.01

ns

ns

6.4 8.9 t22.5t43.1 6.7
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The Australian medic cultivars (early-maturing Sava snail medic and Paraggio barrel medic)

were the most productive during winær time. M. rigidula Scl.716 made good growth in

spring and ffrnal yields were simila¡ to that for Paraggio. However, M. rotata Sel. 1943 had

the poorest yielding ability (Iabte 6.11). By late spring (ust before DL) the undefoliated crop

had produced much more dry matter than at the early defoliation, but the relative differences

between the cultiva¡s was maintained, with Para. producing marginally more dry matter than

Rigi. at Harvest 7, I and 9 and both significantly exceeding Rota. From early spring (Harvest

4 onwa¡ds), as the temporaturo rose, all the genotypes, gave a higher dry matter yield.

However, at pod formation stage, (Harvest 7) Para. outyielded all the other cultiva¡s (7376

kgplvl/ha), although it reached the manuity stage about wo weeks laær than Sava.

All defoliation treaunents decreased the frnal yield of forage. A major effect of defoliation is on

the roots. Crider (1955) reported that root extension slowed down or ceased within 241u. of

defoliation. Davidson and Mlthorpe (1966) concluded that following severe defoliation of the

grass plant, shoot regrowth is limited by the rate of nutrient uptake. However, plant top dry

matter production was halved by doubling the frequency of defoliation (tlill and Pearson

1985). The differences wete not significant between defoliation treatments until the time of

defoliation (flan'est 5 and 6 at DE and Harvest 7 and 8 at DL). On the other hand, DE shows a

parallel growth curve to DO (undefoliaæd), while the laæ defoliation (DL) had a severe effect as

it removed the primary and secondary branches of all cultivars. Regtowth, therefore, wæ

caried out by the newly initiaæd branches afær defoliation. Although moisture stress and high

temperatures were not experienced after late defoliation under the conditions of the field

experiment, the short time span from late branch initiation to maturation accelerated crop

development and resulted in poor dry matter yields. Data in Table 6.11 also show that Para.

was superior to Rota. and Sava in dry matter production. This indicates that Para. was the

most suitable early manuing cultivar for early feed or silage cuts. The twice defoliated (DEL)

treatment showed better regrowth and recovery than DL at the end of the season. This was

probably due to apical retardation of most of the main stems, primary and secondary branches
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after the first defoliation, so that many of the apices of these branches (but not the main stems)

were still below cutting height at the time of the second defoliation.

The good recovery after early defoliation probably conribuæd o reduce a lodging problem by

decreasing plant height and building up stronger (thicker) stems. This could be bnrught about

by the improved canopy stn¡cturc which allowed better light penetration through the foliage

which improved leaf efFrciency. Leaf efficiency (the rate of increase of herbage dry weight per

unit area of leaf) was greatly influenced by intensity of defoliation. Efficiency was initially

lowerfollowing severe defoliation than following less severe reaünent (Brougham 1956).

In the early-defoliated neatment @E) Para. produced over 7tlha more forage dry matter yield

than Rota. Furthermore, Para. shows the superiority in herbage dry matter over the other

genotn)es. However, the general results of Donald (1941, 1952) showed that as the intensity

of defoliation increases, yield of shoot tissue decreases. Simila¡ resuls have been obtained by

varying the frequency of defoliation, the greatest reduction in yield occurring where the

defoliations have been most frrequent @rougham 1956).

Weeds : The four medics exhibited differing levels of competitiveness with weeds, although

this depended on medic establishment and the stage of the growth in the growing season. No

cultivar was able to supprcss weed growth completely. The ability of a genotype to compete

with weeds is greatly affected by the growth habits of the cultiva¡ and the weeds. Scott (1971)

found plots of tall cultivars of subterranean clover had significantly fewer weeds than more-

prostrate cultivars.

In this 1988 experiment, the tall medic genotypes (Sava, Para. and Rigr.) were the most

successful at competing with weeds. The smaller prostrate plants and lower density of Rota

were not as competitive. Hence differences in the ability of genotypes to suppress weeds were

highly significant (P<0.001) (Table 6.16). However, weed numbers were not counted in this

experiment, but the canopy height of Sava, Para. and Rigi. were similar or higher than the
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weeds in the plots, while Rota. was shorter. The maximum production of weeds occurred on

Rota. plots (3258 kgDlvflha) while the lowest yield of weed was from Para. plots (1422

kgplvllha) (fable 6.17). Furthermore, there werle no significant differences in total herbage

yield (medic plants plus weeds) on medic plots laæ in the season (Table 6.17).

All had more weeds as the growing season progressed, but there wete no significant effects of

defoliation on yield of weeds during the season. There were no significant interactions

between genotypes and defoliation found in suppressing weed, even though Rota. plots gave

the highest yield of weed under all defoliation regimes and Pa¡a. plots gave the lowest yield of

weeds.

Seed yield and components : In this experiment, the growing season was prolonged

using supplementary spray irrigation, to ensure that seed production was not limited by

moisture stress. Shortening the growing season will reduce seed yield (Rossiter 1978).

Defoliation prior to flowering markedly increased seed yield in two genotlpes (Sava and Rigi.)

compared with uncut controls because of an increase in the number of inflorescences produced.

Rossiter (1961, 1972) showed ttrat defoliation prior to flowering and at early flowering

increased the numbers of inflorescences. These extra flowers were largely responsible for the

increased seed yields. Furthermore, most of the defoliation effect on flower numbers could be

attributed to increases in stem numbers. On the other hand Para. and Rota. seed yields were

decreased with early defoliation prior to flowering. However, the effect of defoliation on seed

production varied markedly between genotypes, rangmg from a large increase to a decrease in

seed yietd (Scott l97l). The differences in seed yield between medics sown in this experiment

were significant . The highest seed yield was obtained by Sava (1335 kg/ha) and the lowest

produced by Rota. (zl2kglha) (Iable 6.22). However, with furthercutting afterflowering the

seed yield was decreased markedly for all cultivars compared with the uncut control üeatment.

As an example, the seed yield of Sava declined from 1589 kg/ha in the undefoliated control to

466kglhaand to 29lkg/haat DL and DEL treaünents respectively as shown in Table 5.13.
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The finding that defoliation had an effect on seed yield is in contrast to the results of Rossiter

(1961) with subtenanean clover but supports the data of Ca¡ter (1986) who found that

haymaking at early flowering groatly reduced seed production of medics but had no effect on

sub clover. On the other hand, Collins and Aitken (1970) delayed flowcring by defoliations

prior to flower initiation. Over all treatments, late defoliation (DL) and double defoliation

(DEL) caused a highly significant rcduction in seed yield compared wittt uncut (DO) trearnent

from 1l 15 kgfha to 140 kgûra and to 136 kgÂra reqpectively. No significant interaction effects

between cultivars and defoliation regimes were found in seed yield and components excePt in

the number of seeds/pod (P<0.01). Furthermore, the differences in number of pods/m2, pod

yield, number of seeds/pod and seed index were highly significant (Pd.001) due to genotype

effect. It would appear that the effects of a defoliation on seed production in medic swards will

depend more on the cultivar than on the defoliation within the limits set by Rossiter (1961).

In order to maximize the likelihood of medic seed production in a given environment, it is

important that flowering be timely. An analysis of long-term weather data, using a water

balance model, led Cornish (19S5a) to suggest an ideotype for Condobolin in the central west

of New South Wales. This ideotype allows for the variable nature of the likely germination

period (true season break can occur between February and June) and the need to optimize

between maturation of seed before the summer drcught against the general desirability of a laær

flowering date which increases seed production in wetter years.

The results of this experiment have shown that plant populations (number of plants/m2)

differed greatly between genotypes in accordance with sowing rate and seed size. Hence,

medic plant numberlç¡2 varied according to the genotlTe. However, Para. had considerably

smaller seeds , thus more seeds were sown resulting in higher plant population and Sava, the

largest seed size with fewer plants/m2. Neither defoliation nor the interaction of genotype and

defoliation had a signifrcant effect on survival of medic plants. All defoliation treatments

decreased the frnal yietd of forage by possibly affecting the growth of root extension which

may well have slowed down or ceased by defoliation. However, this is partly dependent on
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the genotype and timing of defoliation. For example, Para. produced about twice the dry

matter of other defoliated genot)?es by the end of the season. The early-maturing genotype

Sava was the most productive in winær afær Para. while Rota. was the least productive during

the season. Furthermore, the early defoliation treatments show a parallel growth curve to the

undefoliated treatment (DO), while the laæ defoliation (DL) had a severe effect as itremoved

the primary and secondary branches of all cultiva¡s. However, the nvice defoliated treatment

(DEL) showed better regrowttr and rccovery than @L) at the end of the season.

The four genotypes exhibited va¡ious levels of competitiveness with weeds, although this

depended on the establishment and the stage of the growth in ttre growing season. The ability

of medics to compete with weeds is greatly affected by the growth habit of the particular medic

and weeds. The tall medics (Sava and Para.) were the most successful at competing with

weeds. All genotypes had more weeds on plots as the growing season progressed. There was

no signifrcant effect of defoliation on the yield of weeds. Generally, defoliation prior to

flowering increase seed production by increasing the number of inflorescences per unit area.

Early defoliation @E) increased seed production in both Sava and Para. However, the effect

of defoliation on seed production va¡ied markedly berween genotypes, ranging from a large

increase to a decrease in seed yield (Scott L97l). The highest seed yield was obtained from

Sava (1334 kg/ha) and Rota. gave the lowest seed yield (ztzkglha). Fu¡thermore, the late

(DL) and the twice defoliated (DEL) caused a highly significant reduction in seed yield

compared with control plots. It is clea¡ that the effects of defoliation on seed production in

medic swards will depend not only on the genotlpe and its specific growth habit and stage of

maturity but also on the frequency and intensity of defoliation. Further studies are needed on

these interacting factors in both rainfed (dryland) and inigaæd conditions..
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7 . EXPERIMENT 4: THE EFFECTS OF DEPTH OF SOWING AND
SOIL TEXTURE ON SEEDLING EMERGENCE AND EARLY
VEGETATTVE GROWTH OF FOUR MEDIC GENOTYPES IN POTS

7.1 Introduction

In Mediterranean-t5pe environments winter pasture production, especially in colder regions,

often limits total seasonal production and livestock carrying capacity. Therefore, management

practices must ensute good pasture production and thc most important determinant of winter

herbage production is pasture density. Management practiccs must ensuro that a high density

of seedlings is established as early as possible following the opening rains. In the three

previous studies it has been shown that the crucial issue in winter herbage production depends

either upon sowing rate or upon cultivar productivity and adapøbility to the ecological

conditions. However, successful production of winter pastures requires optimum cultural

practices such as depth of sowing, rate of sowing and date of sowing.

Haskins and Groz (1975) reported that depth of sowing had a much greater influence on the

ability of sweet clover (Melílotw fficiralis L.) seedlings to emerge from the soil than on their

performance after emergence. Furthermore, they found that among numerous interactions, the

two-factor interaction involving sowing depth and seed size had the greatest effect on

establishment. The percentage establishment from medium and large seeds were greater than

counts from small seeds, especially at 57mm sowing depth. This ability of seedlings from

larger seeds to emerge from greaær depttrs can be extremely important to establishment of

pastue legumes when ttre moisture supply is limited.

Sowing medic seed too deepty must be avoided because the percentage emergence of the stand

and plant vigour are adversely affected (Caner and Challis 1987). Furthermore, seed size

influences seedling vigour (Crawford 1970, 1975) and may well influence the number of

seedlings. Earlier, Black (1955) reported that both depth of sowing and temperature affected

pre-emergence weight changes in subterranean clover, and that, in particular, there was a

marked effect on the amount of dry matter remaining in the cotyledons at the time of

emergence. However, the optimum depth of sowing depends on soil moisture and temperature

(Webb and Stephens 1936) and soil texture (Carter and Challis 1987). However, under field
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conditions, where germination is simultaneous, plants from greater depths of sowing will be at

a disadvantage compa¡ed with those from shallower sowings since emergence will be

progressively delayed as depth of sowing increases @lack 1955).

Deep sowing of forage grasses has both increased and decreased seedling emergence.

Emergence percentage decreased in sinooth bromegrass when sown deeper than 1.3cm in a

clay loam soil (Lueck et al. 1949). In contrast, "Blackwell" switchgrass had a grcater

probability of emerging when sown at a depth of 5.0 to 7.5cm than when sown at shallow

depths in a clay loam of medium or low moisture content (fludspeth and Taylor 1961).

Differences in the rate of utilization of seed r€seryes may explain why certain species emerge at

greater sowing depths than othen (Tischler and Voigt 1984).

Little attention seems to have been paid to this factor in the emergence and growth of plants, in

particular under experimental conditions comparable to those in the field. Therefore, the

objective of this experiment is to assess the effect of depth of sowing and soil texture on the

percentage emergence and early vegetative growth of medic seedlings up to the cotyledonary

stage. The earlier the seedlings are harvested the more likely is the effect of competition

avoided.

7.2 Materials and Methods

Plant culture : The same four medic genotypes as used in Experiment 3, viz. Medicago

scutellata, cv. Sava (Sava), M. truncatula, cv. Paraggio (Para.), M. rígidula, Sel. 716 (Rigt.)

and M. rotata, Sel. 1943 (Rota.) were used in this experiment to represent the four medic

species. Seed was sown at three depths, viz 1, 3 and 5 cm at a sowing rate of 25 seedsþot in

a $id pattern of 5 rows x 5 seeds This was equivalent to a plant population of (1111

seeds/m2). Two soils of contrasting texture were used- Both soils rvere steÍrm sterilized to kill

weed seeds and later sieved (3mm). The first soil was a loamy sand designated 'sand'

obtained from the Bolivar Research Farm and the second, a clay-loam designated'loam', was

a red-brown ea¡th collected at the V/aite Agriculmral Research Institute.
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Design of Experiment: A randomized complete block design was used with six replicates.

Thus, the following design was applied in this experiment : Species (4) X Sowing depth (3) X

Soil texture (2) X Blocks (6) = 144 pots.

Sowing procedure: The black plastic pots (15 x 15 x 13cm) were tarcd with crushed gum

ba¡k to a depth of about 2cm height and filled with either 2.4kg of sand or loam. The three

depttrs of sowing (1, 3 and 5cm) were obtained as follows. A depth gauge consisting of a

wooden plate with 25 pins (5 x 5) at 25mm (c/c) spacing was used to indent the soil for

sowing: the sowing depth was adjusted by using soparate wooden spacers lcm thick $rith 25

holes. The pots were watered and allowed to dry to give compact soil in the pots to allow

making sets of 25 holes for sowing seed at the required depths. One seed was dropped into

each hole and then covered with dry soil. Twenty-five seeds were sown in each pot: all

treatments were sown on 31 July. After sowing was completed, all pots were watered with

rain water (through a fine sprinkler nozzle on a plastic watering can) to f,reld capacity,

rewatered on the second day afær sowing and thereafter whenever it was rcqufued.

Seed germination tests and emergence counts : One hund¡ed seeds from each species

werc tested in petri-dishes at 19oC to determine the proportions of readily-germinable (soft),

hard and dormant seeds. Daily emergence counts were commenced on 5 August and continued

until 17 August. The emergence of seedlings was based on when the cotyledon started to

appear above the soil surface. The rate of emergence was plotted for the lâday period also the

percentage survival of seedlings was noted (therc wete some deaths).

Harvest: A single destn¡ctive harvest was made on 22 August, 21 days after the initial

watering to field capacity, when all seedlings were at the cotyledonary stage. Plants werc cut

at soil level with a scalpel then washed and counted. Cotyledons were excised and the

cotyledon a¡ea measured on an electronic planimeter. All the cotyledons were replaced in the

original sample and the whole sample from each pot dried at 85oC for24 hours for dry weight

determination.
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Environment: The greenhouse was glass-roofed and four sides walled in glass. There was

no control of temperatue or humidity. Pots were watered to field capacity every second day,

or as necessary wittr a fine sprinkler or a can. A penetrometer test was made while the soil

\ilas at freld capacity to assess the soil resistance to emerging seedlings. Thc data a¡e shown

below (Table 7.1).

Table 7.1 Mean soil resistance for two soil types

Soil type Average Soil Resistance
(kg/cm2)

Sand

Loam

0.45
L.t2

The rcsults show that the soil resistance (mechanical impedance) met by emerging seedlings in

the loam was almost 2.5 times greater than that met by those in the sand.

Statistical Analyses : Analyses of va¡iance were made on the following data: herbage dry

weight, seedling number, mean plant dry weight, cotyledon dry weight and cotyledon arca

index.

7.3 Results

7.3.1 Seed germination data

The data for the germination rate, total germinated seed and the number of dormant and ha¡d

seeds are listed in Table 7.2. None of the snail medic (Sava) seeds germinated during the first

day afær watering whereas species with smaller seed size such as barrel medic (Para.) showed

267o germinating seeds in the first day. However, Medícago rotata (Rota.) seeds had the

fastest germination rate followed by Para., while Rigi. had the highest percentage of hard

seededness (l9%o) which could reflect the threshing process used in preparing this seed at

ICARDA, Syna. Furthermore, Rigi. had the lowest percentage of soft seeds (637o) while

Number of Readings

t4
t44
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Rota. the highest. No doubt differences in percentage of soft, dormant and hard seeds reflect

harvesting and threshing methods as well as storage conditions.

7.3.2 Seedling Emergence Rate

Seedling emergence counts were made from the fifth day afær sowing and watering the pots.

In both soils, all species showed faster emergence of seedlings as the depth of sowing was

progressively more shallow. Thus, the highest percentage of seedlings emerging was at lcm

depth from sand followed by lcm from loam, then 3cm from sand followed by 3cm on loam

and frnally the 5cm on sand and loam respectively as shown in Figures 7.1 a,b,c,d). The

actual emergence data is in Appendix C, Tablcs C.1 - C.4. At 10 days from sowing, the

percentage of seedling emergence in Sava declined by líVo sand and 257o loam as depth of

sowing increased from lcm to 3cm. The percentage reducúon in seedling emergence from 5

cm depth compared to lcm depth was 2O.5Vo in sand and 42Vo in loam. The same trends in

reduction of the percentage emergence of seedlings of the other cultivars were found as the

depth of sowing increased, or the clay content in the soil increased (Plaæ 7.1).



Plate 7.1 Showing effects of depth of sowing on emergence
of medic seedlings from sand (upper photograph)
and loam (lower photograph)
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= M. scwellafø cv. Sava

= M. tnncatulacv. Paraggio

= M.rigítula Sel.716

= M. rotcttct Sel. 1943

A

B

c
D

Iæft to right = 1, 3, 5cm depth of sowing





Table 7.2

Medic
Species

Sava

Para.

Rigi.

Rota.

r37

Rate of germination and percentage of soft, dormant and hard
seeds of four medic species

Hard Seed
(%)

LL.7

3.3

12.4

0.6

Germ (%)
Cumulative

I)ormant
Seed (%)

Days after
Watering

Soft seed
(%)

3.8

1

2
3
4
5
6
7I

30
25.5
11.8
7.2
6.8
2.2
1.0

30
s5.5
67.3
74.5
81.3
83.5
84.5

84.5Toal

1

2
3
4
5

29.5
44.3
11.8
7.8
3.8

29.5
73.4
85.2
93.0
93.8 2.9

Total 93.8

15.5
34.8
L2.8
6.5
5.2

l5
50
63
69
74

5
3
I
6
8 12.8

1

2
3
4
5

Total 74.8

1

2
3
4

36.
27.
24.

9.

2
1

2
9

36.2
63.3
87.5
97.4 2.0

Total 97.4
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7.3.3 Harvest Results

Seedling Number: The most pronounced effect of sowing depth was on emergence

(fables 7.3,7.4). The corrected emergence percentage of seedling numbers are summa¡ized in

Fig.1.2. Plant numbers were significantly affecæd by Species, Soil Texture and Depth of

Sowing as well as the interaction of Cultiva¡ x Depth of Sowing and Species x Soil Texture x

Depth of Sowing (P<0.001) (Tables 7.3,7.4). The highest number of plants (959/m2) was

produced by Rota.. followed by Para. (9251m2), while the lowcst plant number was obtained

from Rigi. which produced less plants (Sùl¡mz¡ (Appendix Fig. C.la). All cultivars showed a

decline in plant number as the depth of sowing increased from 1 to 5cm in both soils (fable

7.4). Thus, the shallower the depttr of sowing, the higher the number of plants and vice versa.

Plant number also decreased as the clay percentage increased in the soil. Hence, the highest

number of plants was obtained from the sandy soil treatment with a lcm depth of sowing @g.

7.2). T:he reduction in plant number (9-29Vo) as the depth of sowing increased from 1 cm to

5cm was least in Rota., while the reduction in plant number was greatest in Rigi. (38-4l%o).

The actual andpotentiat seedling emergence are summarizedin Table 7.5.

Herbage yield : Highly significant differences were found in herbage yield due to the effects

of Species, Soil Texture, Depth of Sowing on seedlings, as well as the interaction of Species x

Depth of Sowing (Table 7.3). On the other hand there were no significant differences in

herbage yield due to the interaction of Species x Soil Texture, Soil x Depth of Sowing and

Species x Soil x Depth (Table 7.3). The highest mean seedling yield was produced by Sava

(28.5g1m2) followed by Rigi. (l3.2glm2), while Rigi. gave the lowest herbage yield

Q.Sgmz¡. However, shallow sowing (lcm) produced nearly double the early herbage yield

compared with deep sowing (5cm) with all cultivars (Appendix Fig C.1b). All species showed

a significantreduction (P<0.05) in seedling yield (Table7.6) as the depth of sowing increased

from lcm to 5cm. Sava was the most productive genotype, while Rigi. was the lowest

yielding at all depths of sowing (Tabte 7.7). The decrement in seedling yield with deeper

sowing in sandy soil was not significant at all depths of sowing. As well, the plant number

decreased dramatically by increasing the depth of sowing resulting in a herbage yield decline
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for alt genotypos. Even though the interaction Species x Depth of Sowing x Soil was not

significant, the shallower the depth of sowing, the grcater the production in herbage yield for

all species in both soils. flowever, the highest herbage yield was produced by Sava and

ranged between 18.2 glmz and 35.6 at 5cm depth of sowing in loamy soil to 35.6 glm2 at lcm

depth in sandy soil, while the lowest seedling yield was given by Rigt. which ranged from

4.4glm2 inloamy soil with 5cm depth of sowing to 14.5glm2 in sandy soil at lcm depth of

sowing (Table 7.7). Over all treaunents, sandy soil had better emergence which resulted in

higher early production than loamy soil and shallow sowing wasmuch better than deep sowing

in terms of herbage yield for all genotypes Clable 7.7).

Individuat seedling dry weight: Data on mean weight of individual seedlings are

summarized in Table 7.8. The differences in seedling dry weight were highly significant as

affected by species and depth of sowing. The average seedling dry weight depends on the

original seed weight which produces the seedling. A direct relationship was found between the

seedling dry weight and the seed weight. Seedling dry weight ranged from l3mg/plant to

35.2mglplarrt, depending on species, soil and depth. The differences due to Species or Depth

of Sowing are highly significant (Table 7.3). However, the differences due to Soil Type are

not significant. Furthermore, the interaction between Species x Soil Type x Depth of Sowing

was not significant even though the mean weight of individual seedlings of all species

decreased by increasing the depth of sowing in both soils (Table 7.8). Increasing the depth of

sowing from Lcm to 3cm decreased seedling dry weight by 7 .9Vo on sand and 12.6Vo on loam.

Sowing at 5cm depth reduced dry weight by I4.5Vo on sand and26.3%o on loam compared to

the corresponding lcm depth ( Table 7.8).

Cotyledon area and weight : The mean cotyledon arcas are summa¡ized in Table 7.9. The

differences in cotyledon area are highly significant beween species and between depth of

sowing (Table 7.3). All species showed a marked reduction in cotyledon area as the depth of

sowing increased from lcm to 5cm in both soils (Table 7.9). The reduction was mote marked

in snail medic than with the other species. Similar trends were found in cotyledon dry weight
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(Table 7.10) as for cotyledon areas. The only signifrcant diffcrences were found due to

species and depth of sowing. Cotyledon dry weight followed the weight of the original seeds

sown.

Table 7.3 Summary of analyses of variance of data in pot experiment for
four medic species

Mean dry
weight

(mg/plant)

Species (sp)

Soil (S)

Depth (D)

SpxS
Sp xD
SxD

SpxSxD

***
***
:trlÉ*

ns
*:ß*

ns
*{<

:trt*

ns
***
ns

ns

ns

ns

***
ns

rß:S:1.

ns

ns

ns

ns

,Frl.*

**
,t**

ns
*

ns

ns

***
ns
***
ns

ns

ns

ns

Cotyledon
dry weight

(mg)

Dry matter
yield

(gDM/mz)

Cotyledon

(cm)
area

Number of
plants
(#/pot)

ns = not significant; *= p<0.05i ** = p<0.01; ***- p<0.001

Tabte 7.4 Effects of soil texture and depth of sowing on final
emergence of medic seedlings (plants/m2)

Sand Loam

Depth of Sowing (cm) Depth of Sowing (cm)

Species 5

Sava

Para.

Rigr.
Rota.

533

815

37r
733

I 33 5I

689

874
430
948

904
978
598

1030

793
904
570

947

1007

1015

726
1052

941
963
526

1005

LSD (57o) Species x Depth x Soil = 137
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Tabte 7.5 Potential, actual and establishment percentage of four annual
medic species (plant/m2)

Species

Sava

Pa¡a.

Rigr.
Rota.

Table 7.6 Effect of depth of sowing on seedling
yietd (glmz) of four annual medic species

Depth of Sowing (cm)

Species 5cm

Establishment
(%)

86.5
88.8
64.6
88.0

18.2

8.4
4.4
8.8

Sava

Para.

Rigi.
Rota.

Sava

Para

Rigi
Rota

2r.o
8.2
6.3
9.9

LSD (57o) Species x Depth of Sowing = 3.6

Table 7.7 Effect of soit texture and depth of sowing on seedling yield
(g/m2) of four annual medic species

Sand Loam

Depth of Sowing (cm) Depth of Sowing (cm)

Species 5

Actual
Plant/m2

Germinating
Seed %

Potential
Plant/m2

938

to42
831

1082

811

925
537

952

84.5
93.8
74.8
97.4

lcm 3cm

34.8

15.1

12.0

t8.2

29.7

t3.2
10.3

11.6

5 I 3I 3

34.r
13.1

9.5
20.5

26.5

13.2

10.6

9.4

35.6
t7.l
t4.5
15.9

32.9
13.1

9.9
t3.7

23.9

8.1

8.2
10.9



Table 7.8

Species

Sava

Para.

RigL
Rota.

Sava

Pa¡a.

Rigi.
Rota.

Table 7.9

specres

Sava

Para.

Rigt.
Rota.

Sava

Para.

Rigr.
Rota.

t45

The dry weight of individual seedlings
(mg/plant) of four annual medic species

Depth of Sowing (cm)

35.2
9.3

r8.8
11.5

34.7

10.3

11.8

9.3

The effects of soil texture and sowing depth on cotyledon
area of seedlings of four species of medics growing in pots
2l days after watering

Sand Loam
of cm of

0.16
0.07
0.06
0.07

7.2
3.4
r.7
3.5

51

5

Tabte 7.10 The effects of soil texture and sowing depth on cotyledon dry
weight (gDM/m2) of four species of annual medics

Sand Loam

of of cm

Species 5

cm

3Soil

Sand

Loam

35.5
t6.7
19.8

t5.2
37.7
13.5

18.7

19.8

35.3

13.5

19.2

13.0

33.2
t4.5
18.7

13.0

5 I 31 3

0.30
0.10
0.08
0.10

0.2t
0.07
0.06
0.08

0.28
0.10
0.08
0.t2

o.22
0.09
0.08
0.07

0.31

0.10
0.10
0.13

1 3I 3 5

13.7

4.6
3.5

10.9

10.1

5.6
3.4
3.7

13.8

4.6
4.4
5.1

13.9

4.L

3.5
5.4

9.4
3.1

2.8
4.2
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7.4 Discussion and Conclusions

Laboratory germination : The variability in genotypes and in their seed size and seed

weight resulted in a varied germination percentage for soft seed. The snail medic (Sava) with

the largest seed weight of the species tested in this experiment reached the maximum

percentage germination seeds (soft seed) after 8 days, while other species took only 4-5 days

to reach inaximum percentage of germination. This result was in agreement with Andrew

(1965) who found that small-seeded M. minima germinated faster than the relatively large-

seeded M. polymorplø. However, rate of germination is an important attribute of annual

legumes (Maguire t962). Thus, rapid germination allows seedling medics to emerge early,

and make best use of rainfall and escape weed competition and fr,ost damage. However, under

field conditions, where germination is simuluneous, plants emerging from greater depths of

sowing will be at a disadvantage compared with those emerging from shallower sowings since

emergencc will be progressively delayed as depth of sowing increases.

Ernergence : Seedling emergence is defined as the complete appearance of the cotyledons

above ground level, and since $o\ilth \ilas very even, no difficulty was experienced in

deciding whether the plants had or had not emerged @lack 1956). Emergence started ea¡lier

from large seeds and from shallow sowing. All species showed a delay in plant emergence

and low emergence rate as the depth of sowing increased in both soils. The optimum depttt of

sowing for emergence depends on soil moisture and soil temperature (Webb and Stephens

1936). Ilowever, shallow sowing (lcm depth) gave the best medic stand, particularly on

sand, while depressions in emergence were associated with deep sowing. Eriksan (1946)

found that sowing lucerne at 0.7cm and 1.3cm was the best for emergence of small and large

seeds while sowing large seeds of lucerne at2cmprevented the small seeds emerging. For

medics, it is important for seeds to be buried under a soil cover. Amor and Mann (1966)

found a very low percentage emergence when seed of Hannaford barrel medic was sown on

the soil surface compared to buried seeds, but reduced emergence would occur with deep

sowing.
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Seedling dry weight (herbage yield) : The penetrometer test in the present study has

shown clearly the different soil resistances (mechanical impedance) to seedling emergence.

This effect was grcater for a heavy soil compared with a light soil; it had a significant effect on

the seedling number and seedling growth, i.e. seedling dry weight. Seedling dry weight was

greater on sandy soil than on loam. Seedling weight was highly correlated with seed weight.

However, shallow sowing reiulted in signifrcantly higher yields than deep sowing; deep

sowing never produced a yield advantage in this study. The absence of a species by depth of

sowing interaction indicated that all specics responded similarly to changes in sowing depths.

The present study has shown that establishment and vigour of medics were adversely affected

by deep-sowing of medic seed. Similarly, important cereal agronomic characters such as grain

yield, top growth weight, tillering capacity and plant height were reduced by increasing depth

of sowing (Hadji Christodoulou ¿r al. L977).

Cotytedon area and cotyledon dry weight : In medics, cotyledon area and dry weight

are influenced by seed size and depth of sowing. The medic species used in this study show

marked differences in seed weight which resulted in significant differences in emergence,

seedling number and seedling dry weight. In general, the larger the seed size (or seed weight),

the better the emergence from depth and the larger the cotyledon arca. CTawford (1970) found

a direct relationship between seed weight and seedling vigour. Black (1955) suggested that a

reduction in cotyledon weight was a consequence of increased translocation to the hypocotyl as

depth of sowing increased. He further argued that this might have lasting adverse effects on

the subsequent growth of the plants, since less material would be available for the elaboration

of the initial photosynthetic surface. A plant emerging from 1 cm, as compared with one

emerging from 5 cm, has a higher cotyledon dry weight but an identical cotyledon area. This

result is in agreement with results from Black (1956) who found cotyledon weight decreased

as sowing depth increased, but cotyledon area was not affected. It has been shown, moreiover,

that seedling growth depends directly on cotyledon area. Thus, depth of sowing has no effect

on subsequent growth, provided that a certain critical depth, determined by the size of seed, is



148

not exceeded (Black 1956). The crucial issue is whether or not seedling emergence and

pasturc density is affected.

The location of seed within the soil profile has an important influence on its ability to germinaæ

and emerge. Carter et al. (1987) and Quigley et al. (1987) suggesæd that as a large proportion

of medic seeds a¡e buried too deep to allow emergence, there would be insufficient thermal '

stimulus for breakdown of hard-seededness and emergence of seedlings from seed that did

soften. Seeds ttrat did germinate would be constrained because of insufficient elongation of the

hypocotyl. Ca¡ter et al. (L987) and Taylor (1985) reported that the germination of annual

pasture legume seeds and emergence and productivity of the pasture were greatly influenced by

tillage practices. Similarly, Fulwood and Carter (1987) found that with increasing depth of

tillage there is an increased depth of burial of medic pods and a decreased emergence of

seedlings. Carter and Challis (1987) reported that emergence of medic seedlings ranged from

99Vo to 07o depending on medic species, seed size, depth of sowing and soil texture. This

highlights the need to avoid deep burial of medic seed by ploughing and to avoid sowing the

smaller-seededmedics below lcm in loams.

Conclusion : Under field conditions, where germination is simultaneous, medic seedlings

emerging from seed at grcater depths will be at a disadvantage as compared with those from

shallower sowings since emergence will be progressively delayed as depth of sowing and/or

clay content in soil increased- Therefore, the best recommendation for sowing medics is to aim

for a sowing depth of 10-15mm with an alkaline soil of sandy loam texture. There was no

evidence to suggest that different genotlTes of medic responded differently to soil depth or

texturc other than as influenced by seed size.



8. EXPERIMENT 5: GROWTH
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EXPERIMENT 5: EARLY VEGETATIVE GROWTH OF FOUR
MEDIC GENOTYPES GROWN IN MICRO-PLOTS AS
MONOCULTURES, BINARY MIXTURES AND FOUR.\ryAY
MIXTURES

8. I Introduction

A better understanding of competition among plants requires, almost by definition, a greater

knowledge of the rcsponse of plants to their environment, and especially of the response to

those environmental stresses created by neighbouring plants. It seems at first surprising that

we know so little of this basic relationship among plants within a crop, yet the reason is

perhaps not too fa¡ to seek - studies of the behaviour of interacting plants are so much more

diffrcult than those of either the isolated plants or the community as a whole.

Plant physiologists have studied single plants, and agronomists have looked at the whole crop

or sward but the plant within the community has scarcely been investigated. Competition

arises from the reaction of one plant upon the physical factors about it and the effect of the

modifred factors upon its competitors (Donald 1963). In the exact sense, two plants, no matter

how close, do not compete with each other so long as the water content, the nutrient material,

the light and temperature are in excess of the needs of both. 'When the immediate supply of a

single necessary factor falls below the combined demands of the plants, competition begins.

The use of mixtures of cultivars of subteranean clover (TriþIiurn subtenaneanL.) or annual

medics (Medicago spp.) has become increasingly common in southern Australian pastures in

recent years (Rossiter and Palmer 1981). Generally, the deliberate establishment of cultivar

mixtures is associated with two main objectives. Firstly, new improved cultivars are sown in

areas containing undesirable ones, with a view to replacing the latter: secondly, cultivar

mixtures are formulated a¡rd sown with the aim of obtaining greater pasture productivity anüor

persistance: the components of mixtures fit the range of ecological niches at any site. In both

cases, an understanding of the factors affecting the performance of cultivars in mixtures is of

obvious practical importance.



150

Although the contribution of medics in mixed farming a¡eas of temperate Australia is well

known (Amor 1965), there is an ongoing need to evaluate new medic genotypes alone and in

mixed swards with commercial Australian cultivars under Australian conditions. Evaluation of

medics grown in monoculture versus mixtures indicates considerable potential for expanding

the use of annual medics in dryland pastures in southern Australia and elsewhere. So fa¡ as

medic seed production is concerned, there is an important need to evaluate cold-tolerant

genotypes for export as well as for potential use in parts of southern Australia. Clearly, further

studies are required beforo any generalization can bo put forward regarding the effects of

competition on establishment of plant populations and early growth of medic plants.

In this part of the thesis, research on evaluation of medic genotypes and mixtures in micro-

swards were used in an experiment established in raised beds (Plate 8.1) at the V/aite Institute.

All possible combinations of species were used in a factorial experiment in comparison with

the monoculture of each species sown as a pure sward. The experiment was designed to

compare the monoculture swards with their mixtures to study the effects of competition

between genotypes in mixtures on the early growth and plant population of a sward of annual

medics.

8.2 Materials and Methods

Design of Experiment : Four medic species, viz. Medicago scutellata cv. Sava, M.

truncatula cv. Paraggio, M. rigídula Sel. 716 andM. rotata Sel. 1943 as used in previous

experiments and hereafter abbreviated; Sava Para., Rigi. and Rota. were used in this

experiment. All species were sown in pure swa¡ds (monocultures) and mixed swards (binary

mixtures), or all species mixed together (four-way mixtures). For the monocultures and binary

mixtures a sowing rate of 60kglha of pure germinating seed was used.

For the four-way mixtures, seed of the four genotypes were mixed on the basis of 25Vo of each

to give 60 and 600kg/ha of pure germinating seed for low and high density respectively. All

genotypes and mixtures were established in micro-plots of 400cm2 in a randomized complete
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block design (Diagrams 8.1 and 8.2). In the case of mixtures, an equal proportion of seed

weight based on purc germinating seed from each mixture component was used. The raised-

beds were orientated lengthwise north-south. Three blocks were arranged within the two

raised beds (Diagram 8.1). Six harvest areas were set aside within each block. Within each

harvest area the four genotypes and the eight combination of mixtures were arranged at

random. Due to winter-spring shading effects the ha¡vest areas were not randomized within a

block. Thus the first harvest was taken from the northern end of each block. Consecutive

harvests moved progressively southward. This method has been successfully used by several

previous researchers who used the same raised beds. The total experiment involved

Treatments (I2) x Ha¡vess (6) x Blocks (3) = 216 micro-plots.

Preparation of Raised Beds: The raised beds located at the Waite Institute and filled with

sandy loam were levelled and a complete mineral-mix fertilizer applied by hand-broadcasting at

300kg/ha and mixed with the soil. The surface was carefully levelled and a galvanized mesh

with 20cm x 20cm openings (sunounded by a 10cm buffer area from each side used as a

buffer area between each two treatments) placed flat upon the surface of the soil. The 20cm x

20cm micro-plots in which the different treatments were sown, were made by cutting some

wi¡e from the 10cm x 10cm mesh prior to placement.

Preparation of seed and sowing: The same seed stock as used in previous experiments

was used without any special treatments. At the start of sowing on 6 September 1988, seed

from each of the four genotypes was inoculated with the commercial Nodulaid Peat Inoculum

Group 'A' except Rigi. which was inoculated with M29 Rhizobia. All seeds were broadcast

carefully by hand inside the micro-plot using a metal frame 20cm x 20cm with 3cm height to

ensure that all seeds were within the micro-plot area. Seeds \ryere re¿uranged as needed by

forceps to ensure even distribution, then covered by lcm of sieved-sterilized sandy-loam soil

spread carefully and evenly to keep seeds at lcm depth of sowing before removing the metal

frame. All treaÍnents were sown and covered in the same day. The buffer zone which entirely
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surrounded each micro-plot was sown with Paraggio medic at the rate of 60kg/ha of pure

germinating seed following the same procedure as used for sowing micro-plot treatments.

In the early stages it was necessary to water twice a day to ensure that soil moisture was not

limiting. Emergence commenced on 11 September, but full emergence was reached on 16

September 1988. At this stage seedlings were counted daily in monoculture plots only

between 11 and 16 September and this date was used for the base point (Days) for timing of

the harvests.

Harvests: Six harvests were taken over a period of six weeks, viz. one harvest every week.

The first harvest was taken at the first canopy (11 days after full emorgence). The remaining

harvests were made every seven days. At each ha¡vest, plants were cut with a scalpel to soil

level. All plants were washed, counted (for each genotype separately in the mixtures) and

dried for 24hrs at 84oC and weighed. Herbage dry matter, number of plants and average

individual plant dry weight were recorded for each genotype in both monocultures and

mixtures.

8.3 Results

8.3. L Plant population

Plant number per unit area varied according to genotype, rate of sowing and proportions in

mixtures. Sava had the highest establishment counts percentage (93.2Vo) after Pa¡a. (94.4Vo),

(Table 8.1). Meanwhile, Para. had the highest number mean of 1404 plants/m2 over the six

harvests compared to the other genotypes which is nearly double that from Rigi. or Rota. and

more than triple the Sava plant numbers. However, there was no signihcant interaction

between genotype and time of sampling on plant population (Iable 8.2). Thus, there werc no

signifrcant changes in plant population as the plants aged (Table 8.3), while some va¡iations

including highly signif,rcant differences were recorded in plant numbers between genotypes

(P<0.001). These differences are obvious in micro-plots sown at 60kg/ha of pure germinating

seed (Table 8.4). Over-all, plant populations slightly decreased as plants aged or were grown

in mixed swards compared to monoculture (Table- 8.5)'
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Plate 8.1
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8.3.2. Herbage Yield

Irrespective of mixtures or plant population, the interaction between genotype and time of

sampling was highly significant (P<0.001) herbage production (Table 8.2). The most

productive genotype was Pa¡a. with mean yield of l45.3gDlvf/m2 over the six harvests. Pa¡a.

grown in monoculture showed a superiority in terms of herbage yield over all other genotypes

or treatments during the growing perid (fable 8.6). As time progressed, differences between

genotype productivity developed (Table. 8.6). Para. had the highest herbage yield starting

from [larvest 2 and showed its superiority until Harvest 6, while Rigi. and Rota. had the

lowest herbage yield. Sava was not much higher yielding than other genotypes particularly

Para. and Rigi. Herbage yield was d¡amatically increased as plants aged from 10.9gDlvflm2 at

Harvest I to 273.5gDlvflm2 at Harvest 6 (Table 8.3). Furthennore, the minimum herbage

yield (7.8gDlvf/m2) at Harvest L and the maximum (360.1gDlvVm2) at Harvest 6 were

produced by Rota. a¡rd Pa¡a. genotypes, respectively.

8.3.3 fndividual plant weight

To ensure that differences in herbage yield of genotypes were due to some factor other than

differences in plant numbers, total yield of plant tops (mgDlvVplanQ was recorded for each

harvest Cfable 8.7). In all genotypes, plant weight was significantly increased over the time of

sampling (Table 8.3). The Genoty¡le x Harvest interaction was highly significant (P<0.001)

as shown in'the summary of analyses of variance (Table 8.2). However, the highest mean

plant yield of tops was obtained from Sava (306mgDlvf/plant) over the six harvests (Table

8.4). According to data in Table 8.4, it can be seen that the mean weight of individual plants

of Para., Rigi. and Rota. did not differ signifrcantly. However, Sava plant weight was more

than three times as great as any of the other genotypes. The only variation in plant weight was

between Sava and other genotypes (Para. Rigi. and Rota.). Variations in plant weight ranged

widely from lO.3mgDlvflplant for Rota. at Harvest 7 to793.7m!9Dlr¡f/plant of Sava at the end

of the growing period (Harvest 6) as shown in Table 8.7 where plant weight was plotted as a

function of time of sampling (days after sowing).
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8.3.4 Effect of Mixtures

Ptant population : Seedling establishment percentage, (viz. the actual seedling emergence as

a percentage of the potential emergence of seedlings) declined in mixed swards compared to

monoculture. Sava had the highest seedling establishment percentage 93.2Vo after Pa¡a.

94.4Vo glown in monoculture swards (Table 8.2). Also Sava and Para. glown as a binary

mixture had the highest percentage of the seedlings establishment 89.3Vo compared to any

other mixed swards. However, percentage seed germinations ranged from 757o for Rigi. to

98Vo for Rota. Therefore, approximately 20 - 40Vo of all seeds sown failed to germinate and/or

seedlings failed to emerge and establish under the competitive conditions of mixed swards

(Table 8.4).

Herbage yield : Herbage production decreased in the binary mixtures compared to the

mixture components (the two genotypes involved) were grown separately in pure stands.

Herbage yield reduction was obvious at the end of the growing period (Harvests 5 and 6),

especially when Sava was mixed with Rigi. or Rota. The same trend of herbage yield

reduction was found in the binary mixtures when the Para. genotype was grown with Rigi. or

Rota. genotypes compared to Para. herbage yield grown in pure stands, while not much yield

reduction occurred in herbage yield when Rigi. and Rota. genotypes were mixed together (Fig.

8.2) compared to thei¡ yield as separate monocultures. Also, yield from the four-way mixture

was less than the Para. yield in monoculture at the later harvests H5 and H6.

Individual plant weight : The average plant weight varied according to the genotype and

spacing between plants. Mixtures containing Sava resulted in reduction of the average plant

weight compared to the pure stands of Sava. Meanwhile, the average plant weights were

steady in mixtures excluding Sava.

8.3.5 Effect of sowing rate

Sowing rate had a great influence on the variables examined, viz. number of plants per unit

area which were highly significant (P<0.001) (Table 8.1), the total herbage yield and mean
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plant weight. In the case of the four-way mixture, as expected, the lowest herbage yield

resulted from low density swards. On the other hand, the mean plant weight was inversely

influenced by density (Table 8.8). Individual plant weight was depressed at high density and

this effect became more pronounced with time when average plant weight in low density

swa¡ds (I2Tmglplant) was more than double average plant weight over the six harvests at high

density (52mglplant). However, differcnces in plant population per unit a¡ea between low and

high densities becomes naÍower with time (table 8.8). These differences werc at high density

10 times that at low density at Harvest 1 while only about 7 times later at Harvest 6 (table

8.e).

Herbage yield had the same trend for the differences between low and high densities with time

(Iable 8.10). Also, differences in mean plant weight benveen low and high densities followed

the same trend as plant population and herbage yield but in opposite direction where plants

grown at low rate of sowing a¡e heavier than those grown at high sowing rate (Table 8.11).

8.4 Discussion and Conclusions

In crowded populations, the outcome of competition may result either in death of plants

(mortality effect), reduction in growth rate of individuals (plasticity effect) or both (Bazzaz and

Harper 1976). The most important finding from this experiment was that competitive relations

between annual medics in binary mixtures can be influenced by the genotype. All binary

mixtures which included Sava showed a decline in herbage yield per unit a¡ea compared to

monocultures of Sava, presumably due to the shading effects of the taller Sava genotype,

allowing less light interception by plants resulting in depressed photosynthetic activiry.

In the other binary mixtures, not much variation was found between monoculture and mixed

swards, where the growth habit and plant height of the different genotypes were very simila¡ to

each other. However, there were no differences in the percentage of seedling emergence and

establishment in most binary mixture and monoculture swards, which is attributed to the

availability of most of the plant growth resources particularly in the early growth stages. Thus,
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the advantages of high sowing rate is to ensure good pasture gowth giving early winter feed,

when animal feed is scarce. The high sowing rate used in this experiment is very similar to

that which might be obtained from the natural regeneration of pasture in the next year.

Furthermore, results from this raised-bed experiment indicate that early growth (winter

growth) is density-dependent: this result is consistent with the results of Silsbury et al. (1979).

In the four-way mixture swards density was highly significant (P<0.001). Herbage yield

increased 600 -70O7o in high-density plots compared to low-density plots, as the plant density

increased particularly at Harvest 1. The differences in herbage yield due to density decreased

with time: mixtures at high density produced only 250Vo - 300Vo of the low-density mixture

plot by Harvest 6 (Table 8.10). The explanation for this is because the high density

communities werc initially capable of a high crop growth rate soon after emergence; however,

the rate declined throughout the season, while low density communities showed an accelerating

crop growth rate during the season so that final yields were similar for the two treatments

(Prioul and Silsbury L982). The higher the density, then the smaller the plant at any time

during ontogeny, and the higher the water contont at which shortage of water is experienced

@onald 1963). Also, he found in mixed associations, that individuals of one or more species

(the suppressed species) are likely to suffer long before the other species, while in pure

culture, all individuals will tend to be affected together.

It is concluded from this Waite Institute experiment that the success of any plant or species

(when grown in mixed swards) in competition for water, nutrients and light depend on the

genotype itself and early crop growth rate is srongly density-dependant. Sava shows superior

competitiveness with other genotypes which may derive from its large seed size, initial large

seedling size, taller growth habit and strong root system. Therefore, despite the lowest plant

population of Sava, it produced more herbage yield than Rigi. and Rota. which a¡e considered

cold-tolerant genotypes.
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Table 8.1 Differences in potential and actual plant population and establishment

Elements LD HI)
CD ABCD

Potential
plans (#/m2)

Acnral plans
$tÑ)
Seedling
establishment
(7o)

Soft Seod (7o)

989 9890

835 6518

84.4 65.9

LD = Low density

Table 8.2

HD = High density

Summary of analyses of vaniance fon plant
ulation and

Plant weight
(mg/plant)

***

:F**

***

Harvests (tI)
Genot¡pes

(Gen.)

H x Gen.

Table 8.3

Herbage yield
Glm2)

Plant (#/m2)

Average plant
weight (mg/plant)

ns = Not significant' *** = P<0.001

Effect of time of sampling on herbage yietds (glm2), plants
(#lmz) and plant weight (mg/plant) in monoculture and binary
mixtures

57o
LSD

13.2

Sava Para.Rigi. Rota,
ABCD AB AC AD BC BD CI)

9t4 695 7W t269 1283 rW

817 536 575 1034 1072 801

89.3 77.1 81.1 81.5 83.5 75.3

340 1488 1050 rû78

3r7 t4M 814 8u

93.2

85

94.4

93

77.5

75

75.2

98

Flant pop.
(#lmz)

Herb. yield
(gDM/mz)

***.

*,lc*

***

ns

ns

:F:1.*

H2 H3 H4 H5 H6
Signif.
LevelH1

52.8

69.5

836

93.9

837

126.9

r57.3

784

234.2

273.5

335.3

796

***

ns

xxx

10.9

15.5

808

23.r

30.6

825

ns = Not signifrcant' *** = P<0.001

27.2



Table 8.4

Seeds sown
$tm2)

Plant popul.
(#ttr,)

Seedling
emefgence

Herbage yield
(gDl"f/m2)

Flant weight
(mgþlant)

Table 8.5

Harvests
(H)
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Effects of annual medic genotypes on plant population, herbage yield and
mean plant weight in pure and mixed swards (Averaged over six harvests)

LD HD
BCD ABCD

rt25 11250

835 6518

74.2 57.9

100.5 309.6

120 47

LD = Low density. HD = High density.

Plant populations significant different at P<0.001, I.SD (57o) = 1O4
Seedling emergence (7o) ns. Herbage yield significant at P<0.001. LSD (57o) = 19.5
Plant weight significant at P<0.001. ISD (57o) = 2.4.

Effects of genotypes and time of sampling on medic plant population
(#.lm\ grown in monoculture and mixed swards

LD
BCD

HI
TI2

TI3

H4

H5

H6

775

875

825

933

883

7r7

Treatment x Harvest interacúon not significant
DAS = Days after sowing. LD = I-ow density

ABCD AB AC AD BC BD CD

1000 900 750 1500 1350 t250

817 536 575 1034 1072 801

81.7 59.6 76.7 68.9 79.4 &.t

l 75.8 7t.2 107.9 104.9 69.9

l4r r24 104 105 87

I

I

t2.

37

400 1600 1400 lr00

3r7 r4M 8r4 811

79.2 87.8 58.4 73.7

96.9 r4s.3 7r.6 73.2

306 103 88 90

AB AC AD BC BD CI)
DAS Sava Para.(a) (B)

Rigi. Rota.(c) (D)

2t
28

35

42

49

56

325

325

358

283

292

3r7

1233

1283

1200

1383

1183

1183

900

u2
758

825

833

625

750

u2
933

867

800

675

808

67t
758

942

858

867

492

583

567

567

567

442

658

633

558

625

508

467

1008

1r00

1150

1084

848

1017

1108

r083

r 183

rr75
t092

1392

825

833

908

725

758

758
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Herbage yield of four annual medics as influenced by genotype
sampling when grown in monocultures and nixtures (gDM/m2)

Table 8.6

Harvests
(H)

Table 8.7

Harvests

H1

tr2
If!
H4

H5

H6

and time of

LD
ABCD

10.5

27.t

56.4

r07.6

r53.8

247.6

TrcaEnent x llarvest interaction significant at P<0.001.
DAS = Days after sowing. LD = Low density

LSD (57o) = 44.4

Effects of genotypes and time of sampling on individual plant weight
(mgDM/plant) of annual medics grown in monoculture and mixed swards

LD
CD

13.7

31.0

72.0

t15.7

r72.7

358.7

(H)

H1

TT2

IÍ}
H4

rI5

H6

Treatment x llarvest interaction signifrcant at P<0.001.
DAS = Days after sowing. LD = I-ow density

LSD (57o) = 85.8

ABCDDAS AB AC AD BC BD CD

2t
28

35

42

49

56

13.9

20.6

45.8

82.3

169.4

249.4

t2.3

35.4

72.7

122.3

268.9

360.1

lr.3
21.2

39.4

68.4

13r.8

r57.5

7.8

19.1

39.5

70.6

r15.0

187.5

I1.8

t9.3

61.0

r25.6

r93.9

2û.8

9.6

2t.5

4r.0

77.9

t43.7

161.3

r0.r
r7.4

43.4

90.2

106.8

159.6

9.7

2r.8

44.r

62.O

116.0

r66.0

lr.3 r2.o

24.6 25.7

59.0.78.3

112.8 113.r

187.0 144.3

253.0 255.8

DAS Sava Para.
(a) (B)

Rigi. nota.l(c) (n) 
| ^l,xn AxC AxD BxC BxD CxD

2t
28

3s

42

49

56

4r.0

63.7

L27.0

29t.0

582.7

793.7

r0.0

28.0

61.3

88.3

263.0

309.0

12.3

25.7

55.3

r09.7

157.7

tu.7

10.3

22.7

42.7

8r.7

142.3

295.3

14.7

28.3

81.7

t32.7

225.0

303.0

r9.3

37.0

78.7

L42.3

267.7

376.3

15.3

27.7

79.0

r43.0

209.0

371.0

11.3

22.7

51.3

103.7

262.3

250.0

10.7

24.3

67.3

97.7

133.0

218.0

tr.7
26.0

48.3

90.3

160.3

228.7



Table 8.8

Seed sown
(#ln'P)

Plant pop.
G/m2)

Emergence
(7o)

Herbage yield
(gDN4Án2)

Plant weight
(mg/plant)

Table 8.9

Harvests
(H)
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Effects of sowing density on plant population,
percentage emergence, herbage yield and plant
weight of mixed medic swards

ABCD
High density

1t250

6518

57.9

309.6

Effects of sowing density and time of sampling
on plant population (#/m2) e1 mixed medic
swards

ABCD
High density

7008

7617

6333

5967

6625

5558

52

H1
H2
H3
H4
H5
H6

ABCD
Low density

tI25

835

74.2

100.4

t27

Days after
Sowing

ABCD
Low density

2t
28

35

42
49

56

775

875

825

933

883

717



Table 8.10

Harvests
(H)

Tabte 8.ll

Harvests
(H)

H1
H2
H3
H4
H5
H6

t&

Effects of plant density and time of
sampling on herbage yield (gDM/m2) o f
mixed medic swards

ABCD
High density

72.4
131.1

2TL.I
335.9
s33.3
573.7,

ty and time
(mgDM/plant)

Effects of plant densi
sampling on plant weight

of

HI
H2
H3
H4
H5
H6

ABCD
High density

10

t7
34

59

82

108

ABCD
Low density

Days after
Sowing

10.5

27.r
56.4

t07.6
153.8

247.6

2t
28

35

42

49

56

ABCD
Low density

Days after
Sowing

2l
28

35

42
49
56

L4

3t
72

116

173

359



9. EXPERIMENTS 6 AND 7z

GROWTH CABINET STUDIES
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9. GROWTH CABINET STUDIES

EXPERIMENT 6: GROWTH RESPONSE OF FOUR ANNUAL
MEDIC GENOTYPES TO TEMPERATURE UNDER CONTROLLEI)
CONDITIONS

9. I Introduction

The growth of plant communities is influenced both by environment and genoqpe. The effects

of environmental factors on the growth rate of plants \Mill vary according to the grcwth stage

(e.g. Cocks 1973) due to the changing role of each plant attribute in the community growth

process and the changing response of these plants to environmental conditions. Temperature

greatly affects the growth and development of pastur€s in Mediterranean-type environments,

although its importance may vary between species. InM. scutellata,lor example, temperattuÞ

appears to be the main factor controlling flowering but in M. ffuncatula, there is an interaction

between temperature and other factors (Clarkson and Russeil 1979). The effects of the

physical environment on the growth of legumes are influenced by the nitrogen source used,

whether symbiotic nitrogen f,rxation or combined nitrogen. If there are differences, it is

important to ascertain the environmental factors responsible, and to determine the optimum

temperature for growth and nitrogen fixation . Furthermore, the degree of genetic variation in

response to environmental factors such as temperanue should be known.

Investigations by Gibson (1963) have shown ttrat both low and moderately-high temperatures

(5oC and 30oC respectively), imposed on either the whole plant or the root system only,

adversely influence symbiotic nitrogen fixation. Interactions between environmental factors

(temperature, lighr, rainfall) make it difficult to predict the effect of any one separately on the

$owth of pastures. In contrast to the field, controlled environment facilities can provide

conditions in which the level of a single factor can be varied independently of other factors and

so allow the effects of different environmental factors in the growth of pasture plants to the

quantif,red.

The present study was designed to examine the effect of temperature regimes on growth and

nirrogen fixation by nodulated plants of four annual Medícago spp. and to investigate cold

tolerant genotypes. The specific objectives of this experiment were:
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(Ð to quanrify the growttr rcsponse of annual medics to temperatue by establishing a dry

matter gfowth curve for each medic genot)?e at each temperature regime (10oC, 15oC

and 20oC), using the method of frequent small harvests as used by Sitsbury (1976).

(ü) to investigate the cold tolerarit cultiva¡s in terms of dry matter production

9.2 Materials and Methods

9.2.L Plant Material:

Fourannual speciesof Medicago,namely M.scutellata cv. Sava, M.tuncatulacv.Paraggio,

M. rigídula andM. rotata (abbreviated Sava, Para., Rigi., Rota., respectively) were chosen

for this experiment The first two species represent commercial Australian cultiva¡s adapted to

the environment of southern Australia, while M. rigidul¿ and M.rotata a¡e cold tolerant

species from Syria and Turkey and were selected in ttre ICARDA program during the 1970 s.

Germination tests on seeds: Replicated germination tests on each species were conducted

by placing 100 seeds in petri dishes with three filær papers (V/hatman Qualitative No.1) on the

bottom and one filter paper on the top. Five ml of distilled water containing 1.6 g/tire of the

fungicide (Thiram) was added to each dish when it was needed. The seeds were germinated

for fourteen days in a humidifred incubator at 19oC. The germinated seeds (soft seeds) were

recorded (Table 9.1) as the radical emerged and the weight of seed sown per pot adjusted

accordingly.

Table 9.1 Medic species used in Experiment 6, showing total germination
and rate of germination of seed and plant population/pot (15 x
15cm)

Species Plant Population/
Pot 15 x 15cm

M. scwellata
Cv. Sava

M. tru.ncamla
Cv. Paraggio

M. rigídula
Sel.716
M.rotan
Sel. 1943

20

100

72

Days required
for germ.

Abbreviated
Name

Germination
(7o) tested

5

2

l1

4

Sava

Para.

Rigi.

Rota.

83

96

75

98 &
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Sowing methods : All genotypes were sown with an equal weight of germinable seed

(l7.5glm2) to give a plant density of 20, 100,72 and 64 plants/pot for Sava , Para., Rigi. and

Rota. respectively. All seeds \ver1e sown in square (15 x 15cm) black plastic pots of 21.

capacity which had becn særilised vttth9íVo ethanol, drie( and filled with 3.1kg of a coarse,

washed river sand which had previously been sieved and steam sterilised. The sand drains

rapidly to a water holding capacity of ll%o at field capacity. CaCO3 @glkg sand) was mixed

into each pot to adjust the pH to 7.8. Seeds wore arranged evenly in pairs on the levelled sand

surface using templates which had the required number of equally spaced holes for each

genotlpe. Seeds were coveted with a further 0.3 kg sand/pot to give an effective sowing

depth of lcm.

Seedlings were thinned to one seedling/hole 11,9 andT days after sowing for temperaturcs

lOoc, 15oC and 20oC respectively. This corresponded to the expansion of the first leaf. After

thinning, seedlings were inoculated by adding cultures of Rhizobiwt tríþlii WSM 244 or M
,,.,ç 1,.1, /,.

29 to the nutrient solution. WSM 2M is an effective strain of R. tþlÍi for Sava, Para. and

Rota., while M 29 is effective on Rigi. (ICARDA Report, 1985). The two strains of

Rhizobium (WSM 2M andM29) were supplied by Dr. P. Cocks (ICARDA - Aleppo, Syria,

1987). The pots were re-inoculated, one week later.

Nutrient solutions were prepared regularly from stock solutions with deionised water. KOH

was used to adjust the pH of the solutions to 7.0. Five basic solutions were used, namety I
strength Hoaglands solution with NO3-N at 0.0 (-N) and 5.0 mM(+N). KzSO¿ and Ca SOa

were used to maintain the same concentration of K+ and Ca#. The various compositions are

shown in Appendix Table D.1. Medic swards received nutrient solution containing 5mM N03-

(+N) for 15 days after emergence. After 15 days, plants were watered with 0.0 mM (-N)

nutrient solution each day. Deionised water was flushed through once each week to prcvent

the accumulation of salt in rooting zone.
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Plants were grown in controlled environment cabinets at three tcmperatures: 10"C, 15oC and

20oC, with a 12h photoperiod. The experiment ran for 87, 58 and 51 days at each temperaturc

respectively The pots were arranged so as to receive a photosynthetic photon flux density

(PPFD) of 400p mol quantalm2 lsl measured at the centre of each pot. Ten pots of each

genoqpe were disributed across the cabinetfloor.

Pots werc re-randomised after each ha¡r¡est. Wire-mesh sleeves 18.5cm high were fined to the

pots to confine developing leaf canopies to a constant area of 225 cm2. The PPFD was

adjusted as the canopies grew vertically inside the sleeves by moving the cabinet floor up or

down. Four high prcssurc sodium lucalox lamps of 400V/ each wcre used as a source of the

light.

Dew point control was not possible inside the cabinet but regular watering ensu¡ed that plants

were not water stressed. The swards were sampled regularly for total biomass (root and shmt)

and for nitrogenase activity. The first harvest was made after the fust trifoliate leaf had

expanded (22,15 and 13 days after sowing for 10oC, 15oC and 20oC,respectively). One pot

of each plant genotype was harvested every 3 to7 days. On each occasion, a single pot ftom

each temperature was seleæted and the daø analysed using Genstat V.

Estimation of nitrogenase activity by acetylene reduction assay : The reduction of

acetylene (CzHù to ethylene (CztI¿), @ilworth 1966) is a popular assay for the estimation of

nitrogenase activity (Ha¡dy et al. L973) and its application to pasturc legume swa¡ds similar to

those used in this experiment has been described for subterranean clover by Silsbury (1981).

However, it was desirable to examine certain aspects of the AR-assay.

After 3h in the light, plants \ryere removed from the pots by gently washing off the sand with

water at the growth temperature within about one minute. Excess water was blotted from the

nodulated roots and whole plants were placed in 1.061 glass jars with screw-down metal lids

each penetrated by a suba-seal. The jars were held at the gowth temperature in water baths..
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The vessels were sealed and C2H2(1l0ml) was added to each jar to give a partial pressure (P)

O.l C-2112. A needle (lmm x 38mm) was inserted in the suba-scal during the injection to allow

excess gases to escape and prevent pressure build up in the jar. The rates of AR were

calculated from the Cz}Jq concentr¿tions in 500¡rl gas samples taken at 10 minutes and 40

minutes (after Czt[zwas added) in lml syringes fined with 0.5mm x 25mm needles. Samples

were injected into a Varian Aerograph model940 gas chromatograph equipped with a flame

ionisation detector (Va¡ian Instrument Division) and a column of 80-100 mesh porapak R.

Column, detector and injector temperatures \ilere 50oC, 150oC and 150oC respectively. With

the carrier gas (N2) flowing at 65 ml per minute, CzIJq was estimated from peak height

displayed on a flat bed Omniscribe rccorder (Houston Instruments). Standards of C2II4 were

made up (usually 100p1) using gas tight glass syringes (S.G.E. Scientihc Pty. Ltd.) and

injected into a jar of LÙVo acetylene in air at 20oC. No CzFI¿ was detected inCzEzcylinders so

that making up CztI¿ standards in lOVo CzHzin air standa¡dised all calculations for thc rate of

CzHq accumulation.

The volume of gas in an assay vessel containing plants was measured by air displacement with

water. The differences in peak heights beween the average of three sample injections taken at

10 minutes and three taken at 40 minutes was converted to ¡rmol CzH¿lm2lhbyreference to the

peak heights given by injections from standards of known quantity of C2FIa in air at 20oC. The

rate of CzH+ accumulation was calculaæd as:

axdxfx2 x 44.4pmol C2Ha mzlh bxcxe

where a =

b=
1,-

d=
U

f_l-

known quantity of CzH¿ (standard conc.)

volume of standardjar (l)

volume of lmol of gas at the assay temperatue

differences in peak heighs beween the mean of 3 samples at 10 and 40 minutes

peak height of standa¡d

volume of gas in assay vessel (l) containing plants measured by displacement
with water.
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The value M.4 was the correction factor converting results for the micro-swards to a m2 basis.

After estimation of nitrogenase activity plants \rrere separated into leaf, cotyledon, stem and

root and dried after measuring leaf area using a Paton Electronic Planimeær (Paton Indusnies

Pty. Ltd.). Dry weight was determined after drying plant fractions in a forced draught oven at

85"C for 24 houn, then weighed separately.
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9.3 Results

9.3.1 Data Analysis

Analysis of va¡iance (Genstat V formaQ were conducted on all data for dry weight of root,

shoot and total plant (g/m2),leaf area index (LAI) and acetylene reduction assay (AR assay).

Natural logarithm transformations were made where the data was not homogeneous. An

overall analysis was made at each temperatrue regime so that Sowing Rate and Sowing Rate x

Genotlpe effects could be detected- Each sowing rate was analysed separately so that

genotype differences within a sowing raæ could be detected. However, least significant

differences werc not calculated for each sowing rate but Species x Sowing Rate interactions

could be found. Summaries of the analyses of va¡iance are given in Table 9.2, Experiment 6

(1e88 ).

Table 9.2 Summary of analyses of variance for medic species
grown at three temperatures

Parameter Probability level

200c

RootDM .001
ns

.0s0

ShootDM

Total DM

I.AI

.001

.050

.001

.001
ns

.010

.001

.010

.050

.050

.010

.010

AR

Source of
Variation

100c 150C

Time CI)
Genotype (G)

GxT
T
G

GxT
T
G

GxT
T
G

GxT
T
G

GxT

.010

.001

.050

.001

.001

.001

.001

.001

.001

.001

.001

.001

.050

.001
ns

ns
.001
ns

.001

.001

.001

.001

.001

.001

.001

.001

.001

.001
ns

.050
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9.3.2 Seedling Emergence

Seedlings of all species emerged more rapidly as the tempemture incr€ased from l0oC to 20oC:

SOVo of seedlings emerged within 4-5 days at 20oC, while 7-8 days were required at 10oC.

There were no clea¡ differences between genotlpes in thc rate of emergence as measured by the

time required to reach SOVo emergence, except M. rígídul¿ which had a high percentage of

hard-seed, resulting in a low germination rate. However, M. rigídula is the slower genotype in

terms of seedling emergence at each treatrnent in both experirnents followed by Sava which

emerged 2 days after all the other genot¡pes tested-

9.3.3 Cotyledon Area

Cotyledon area was directly related to the seed weight of the species (Table 9.3). Temperatue

had a major effect on both cotyledon area and specific cotyledon area as the temperature

inc¡eased from 10 oC to 15 oC, but atz0oc they both declined. (Tables 9.3 and 9.4).

All genotypes showed a maximum cotyledon area and specific cotyledon area at 15oC at early

emergence of 15 days after sowing rather than when grown at 10"C or 20oC. Therefore, 15oC

was the optimum temperatue for maximum cotyledon area and maximum specifrc cotyledon

area.

Table 9.3 Seed weight and unit cotyledon area (mm2¡ of annual
medic genotypes grown at three temperatures

Unit area of one Cotyledon (mm2)
Genotypes

Sava
Pa¡a
Rigi
Rota

200c
88
28
32
36

Weight
of seed

100c 150C

19.98
4.01
5.55
6.20

60
t9
29
23

t23
4L
57
40
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Table 9.4

Genotypes

Sava

Para.

Rigr.
Rota.

Average specific cotyledon
medics at three temperatures

area (cm2/g) of annual

Temperature

200c

159.3

244.8

225.1

190.9

9.3.4 Root Growth

The average porcentage of total plant dry weight which occurred as rcot dry matær varied with

the genotlpe, although the root proportion was inversely relaæd to temperature This was true

for all genotypes tested for their growth rcsponse to tempenture (Table 9.5). Atl genotypes

showed an increase in the relative amount of root dry weight with time when plants were

grown at 10oC, while a significant reduction in root proportion with time occurred at 20oC

(Frg. 9.1). The highest reduction in root proportion due to temperatue decrease from 20oC to

10oC was shown by Para.

Root dry matter production varied according to the plant population and genotype. Paraggio

had a signifrcantly gÞater average root dry weight than other genotypes. The dry matter yield

of root increased with time. At 10oC and 20oC (Table 9.2), but not at 15oC, the interaction

between úme and genot)?e was significant. The average root dry weight for each variety fell

as temperature increased (Table 9.6).

Straight lines were fitted to the dry matter data to derive the root $owth rate. The straight lines

described a great deal of the va¡iation (fl =0.76 to 0.98). Growth rates for roots are given in

Table 9.7. Each genotype had a constant root growth rate(l.7glm2lday¡ at 15oC in this

experiment (Table 9.7), but Pa¡a. had the highest root growth rate (2.38glm2lday¡ at low

temperature. They show a tendency to decrease as temperatu¡e increased beyond 15"C. This

is most noticeable at high temperature particularly for Pa¡a. and Rigi.

l00c 150C

103.9

108.6
132.2

117.6

183.3

203.3

263.6
196.6



Table 9.5

Genotypes

Sava

Pa¡a.

Rigr.
Rota.

Table 9.6:

Genotypes

Sava

Pa¡a.

Rigrd-
Rota.

Table 9.7:

Genotype

Sava

Para.

Rigi.
Rota.

t74

The average percentage of the total plant dry weight
which occurred as root

Temperature

200c

The average dry weight (gDM/m2) of medic root
grown at three temperatures

Temperature

20"c

35.8
37.7

35.3

38.8

Root growth rate (gDMlm2tAaÐ of four annual medic
genotypes grown at three temperatures

Temperature

200c

1.33

0.76
0.54
1.03

23

22
25

25

100c 150C

36
39

30
39

35

34

n
34

100c l50c

54.3

91.9
62.r
60.8

54.2

67.8

57.2

45.1

l00c l50c

r.62
2.38
1.50

t.79

r.70
r.70
1.70

t.70
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9.3.5. Shoot Growth

Shoot dry matter was signifrcantly influenced by genotlpe and time of sampling (Table 9.2).

At low temperaturc (10oC), the inæraction between genotype and time was highly significant.

Growth rates werc estimaæd by fitting lincar equations to the changes in dry matter over time.

Growttr rates varied with genotype and æmperature regime (Table 9.8, Fig 9.3). Howcver rhe

grou4h rate of the shoots showed a differcnt pattern from growth rate of root (Table 9.8).

Shoot growth incrcased substantially as temperatrue was increased in all species oxcept Rigi.

which had its maximum growth rate at 15'C (5.6 glm2lday). Rigi. had the highest shoot

growth rate of the four species at 10oC and 15oC while Sava showed the greatest growth rate

(6.56g/mzld^y) at 20 "C.

Plots of shoot weight versus time fitted a straight line very well (Fig. 9.3). The r values

ranged between 0.95-0.99, although shoot growth rates measured by DM data of biomass

were relatively constant from one day to the next, they showed a general trend to increase with

time as temperature increased, i.e. shoot growth rate lvas more dependent on temperature.

Throughout the experiment the interactions between genotlrye and temperature show ¡hatM.

rigidula gave the highest growth rate (5.1 glmztdîy) at 10oC and inversely responded to

temperature increments, while other genotypes positively responded to increases in

temperatue.

Table 9.8 Shoot growth rate (gDM/m2lday) of annual medics
grown at three temperatures

Temperature
Genotypes

20'c

Sava

Para.

Rigr.
Rota.

6.56
5.56
4.07

5.36

100c 150C

2.72
3.56
5.09
2.53

3.62
3.92
5.64
3.11
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9.3.6 Leaf Area Index (LAI)

LAI va¡ied signifrcantly according ûo genotype and time of sampling. There was a significant

interaction between species and time for all temperaturc regimes ( Table 9.2).Daø on LAI

plotted against time a¡e shown in Fig. 9.4. Plants grown at different temperatures reached the

same LAI at different dates. The increase in LAI with time is similar to that of shoot dry

matter. LAI was improved by increasing the growth æmperature frrom 10oC to 20oC (Table

e.e).

Relationships between LAI and shoot weight are shown in Fig. 9.5. LAI increased linearly

with increase in shoot weight LAI per unit shoot DM was much higher at 20oC than at l5oC

and 10oC. Specific leaf area (SLA) increased as the temperature increased, which means

temperature had the same effects on both LAI and SLA ( Fig.9.6).

Table 9.9 The average Leaf Area Index of annual medics grown
at three temperatures

Temperature
Genotypes

200c

Sava

Pa¡a.

Rigt.
Rota.

2.90
3.28

2.66
2.48

l00c 150C

1.68

1.68

1.68

1.68

0.96
1.35

2.43
0.97
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9.3.7 Acetylene Reduction (AR) Assay

AR assay values are plotted against time for each æmperature ( Fig. 9.7). Nitrogenase activity

was directly affected by temperature. At 10oC nitrogen fixation occu¡red approxirnately 15

days later than at 15oC or 20"C. There was little difference between plants grown at l5oC or

20oC; at both temperatures nitrrogen fixation occured 2G3O days after sowing. AR assay

varied according to genotlpe or time of sampling and with time. The interaction betwcen

genotlpe and time was significant at 15"C and 20'C (fable9.2).

The average AR over the experiment (Table 9.10) shows the optimum temperature for

nitrogenase activity to be L5oc. Sava produced the highest amounr of CzH¿ (1011 and

763¡tmollm2th) at 15oC and 20"C respectively, while maximum CzHq production

(627¡tmol/m2lh) atlow temperature was obtained by Rigr..

Table 9.10 The average C2H4 produced (pmol tm2tnù by annual
medics grown at three temperatures

Temperature
Genotypes

200c

Sava

Pa¡a.

Rigi.
Rota.

763
288
28r
37r

100c 150C

t62
72

627

80

782
756
610

1011
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EXPERIMENT 7z THE INFLUENCE OF TEMPERATURE AND PLANT
DENSITY ON GROIryTH AND NITROGEN FIXATION BY TWO ANNUAL
MEDIC GENOTYPES

9.4 Introduction

Va¡iation in plant density is a useful tool for studying intraqpecific andinærspecific competition

in communities of crop and pastnre plants. The growth responses of undefoliated plants of

subterranean clover to temperature depend on plant density, the amount of biomass present and

on incident (solar) radiation (Silsbury 1990). Better knowledge of the factors affecting the

field behaviour of medics is necessary if they are to be used effectively as components of

pastures. Two factors known to influence pasture productivity at this time are plant density

and temperature (Adem 1977; Silsbury et al. 1979). The influence of temperature on the

growth of temperate pasture species has been measured with spaced plants (Mitchel 1956;

Morley 1958; Mitchell and Lucanus 1962; Broue et aI. 1967; Silsbury 1969; Scott 1970).

These temperate species grew fastest at a temperature of about 2O-25"C. The general

assumption has been that plants growing as communities respond to temperature in a similar

manner to spaced plants. This assumption may not be true (Cocks 1969). In plant

communities, individuals compete against one another and so their growth rates are slower

than those of spaced plants (Stern 1965; White and Harper 1970: Harris l97l). Because of

this restriction by inter-plant competition, the influence of temperature on the individual grown

in a comt'nunity will almost certainly be less than on a spaced plant. Evidence for this view

was provided by Davidson et al.(1970), who found that after 16 weeks the dry matter yield of

Tallarook subterranean clover was not significantly greater at 22oC than at 12"C. Further

evidence is provided by the studies of Donald (1951, 1954). His work showed that dry matter

production at the end of the season of plants such as subterranean clover and Wimmera

ryegrass was independent of sowing density over the range of 150-30,000plants/m2, although

yield in early winter was strongly dependent on density. The higher the sowing rate, rhe

earlier the growth rate becomes constant (Black Lg64). Therefore, the hypothesis is that high

density communities are initially capable of a high crop growth rate soon after emergence but

the rate declines throughout the season, while low density communities showed an accelerating

crop growth rate during the season so that final yields were similar in both treatments. The

objective of this experiment was to (i) conhrm the results of the effect of temperature on
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growth response of annual medics investigated in the previous experiment and (ii) explore

further the interactions benveen temperatrue, plant genotypes and plant density in influencing

the growth and nitnogen fixation by a sward of medics.

9.5 Materials and methods

Genotypes : Two genotypes (Medícago scutellata cv.Sava and M. rigidula Sel. 716

abbreviated to Sava and Rigi.) out of the four used in Experiments 2 to 6 were chosen to

examine the influence of temperature on the growth rate of medics when sown at different

densities. Sava was selected because it responded positively to temperaturc, while Rigi. was

selected because of its tolerance to low temperatures.

Treatments : Plants were grown at three densities and three temperatures. Seeds were

graded to rcmove very small, broken and damaged seed and sown to give a low density of 888

plants/m2, a medium density of 2222 plants/m2 and a high plant density of 2222O plants/m2.

An excess of seed was used at the lower and medium densities and emerged seedlings thinned

to give the required number of seedlings of uniform size and evenly spaced. Allowance was

made at the higher density according to emergence percentage and seed weight of each

genot)?e, i.e. sowing was on the basis of equal number rather than equal weight (Table 9.11).

The daylnight æmperanues wero 10oC, l5oC and 20'C with a fluctuation of about 0.5oC at each

level.

Growing the Medic Communities and Data Recorded : The communities were

grown in a controlled environment cabinet. The s¿rme procedures were adopted and parameten

measured as in the previous experiment (No. 6) except that organic nitrogen in root and shoot

plant tissue was estimated separately. Plant material to be analysed for organic nitrogen was

ground to less than 1 mm particle size in a mill and 250 mg samples digested with a Technicon

BD-40 Block Digester using 4 ml conc.HZSO¿ for 20 minutes at 400oC with a further 15

minutes at 350oC. Samples were allowed to cool, and diluted to 50 ml with distilled water.

Nitrogen was estimated by colorimetric methd using a Technicon Autoanalyser. Harvests
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were made at 4 to 7 day inærvals commencing after emergence. The first ha¡rrest occurred 28,

2L and 17 days after sowing for temperaturc regimes 10oC, 15oC and 20oC respectivcly and

continued up to 77, 59 and 49 days. One pot of each genotlpe and reaunent was harvested

each time.

Table 9.1f Experimental details of Experiment 7

Genotype Number of
ptants/pot f

Rigi.

T

9.6 Results

The main reponses to temperature, plant density and interactions are summarized in Table

9.t2.

9.6.1 Cotyledon Area and Specific Cotyledon Area

From the previous study, the area of the cotyledons showed no rcsponse to temperature (fable

9.3). The Specific Cotyledon Area increased as the rate of sowing increased regardless of

temperature regimes or genotype (Table 9.13). The average Specific Cotyledon Area

increased as temperature increased from 10"C to 15oC. However, above 15oC. the response

varied between species and density (Table 9.13). Maximum average Specifrc Cotyledon Area

(306cm2lgDM) was obtained from Sava at20oC, followcd by Rigi.which gave the highest

value (274cmzlgOM) at 15oC with high sowing rate.

50
450

20
50

450

Self-thinning ¡educed plants from 500 to 450þot at high density

Plant Density Vtreight of
seeds (glm")

I-ow
Medium

High

I-ow
Medium

High

T7.7E
44.45

533.28

4.90
t2.25

147.91,



M RIGIDULÀ
Low DensiÈY

M. RTGIDULÀ
Medium DensiÈy
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9.6.2 Plant Population

The number of plants was determined at each harvest. Temperature did not have any

significant effect on plant number per unit area. Plant number remained constant at low and

medium densities reqpectively during the growing perid. At the high density, a small amount

of self thinning occurred (Table 9.11) due to inter-plant competition. The population density

decreased from 500 to 450 plantsþor

Plate 9.1 Showing the contrasting growth o1 Medícago rígidula at three
densities in Experiment 7
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Summary of analyses of variance for Experiment 7 showing
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9.6.3 Root Growth

Root proportion : Fig. 9.8 shows the changes over time in percentage of the total plant dry

weight which occurred as root. At 10oC the proportion of DM in root was nearly constant

during the growing perid for both genotyltes and densities (Fig. 9..8), whereas at the higher

temperatures it tended to fall with age. The average root proportion fell as temperature

increased and also decreased slightly as the plant density increased for both genotypes

regardless of temperature (Table 9.14). Sava responded negatively to temperature, the root

proportion (0.37) was higher at 10oC with low density and declined sharply toO.24 at 20oC

with high density.

Root dry matter yield : Root dry matter production varie.d according to genotype, density,

root medium and temperature. The effect of time on root weight was highly significant

(P<0.001) at both 10eC and 20oC (fable 9.t2). Table 9.15 shows that the average root weight

(over 8 harvests ) of both genotypes decreased as temperature increased from 10oC to 20oC and

increased signifrcantly as plant density increased regardless of temperature. Sava was superior

to M. rigidula in root weight in all conditions. Both genotypes had the greatest average root

weight at low temperature with high density and the minimum at high temperature with low

density shown in (Table 9.15).

Root growth rate: The changes in root dry matter over time a¡e shown in Figs. 9.9 and

9.10. The root growth rate was generally constant during the experiment, but there was a

tendency for it to decrease with time at the high density. Average growth rates determined

from linear regression are given in Table 9.16. At l0oc, average growth rates increased as

density increased for both genotypes. Both genotypes had the same root growth rates,

1.l9gDM/m2lhy at 20oC and there was no significant interaction between genotype and

density at 20oC. At 15oC both genotypes had the same root grcwth rate at each plant density.

Root growth rate was depressed by increasing temperature from 10oC to 20"C irrespective of

the plant density. Maximum growth rate was (3.367gDlvVm2duy) for Sava occurred when it

was grown at low remperature with high density (Table 9.16).
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Table 9.13

Genotype

Rigi

Table 9.14

Genotype

Table 9.15

c)

Average Specific Cotyledon Area Gm2tÐ of annual
medics grown at three temperatures anù three plant
densities

168.1
306.1

142.9
L42.8
172.O

ava

The average percentage of the total plant dry weight
which occurred as root

The ayerage dry weight (gDM/m2) of medic root
grown at three temperature levels with three rates of
sowrng

145.2

137.3
110.9

118.8
92.3

26
26

29
28
26

Rigi.

15

20

Plant Density
l0 l5

Low
lvfedium

High

t23.5
141.4
242.1

r42.3
L25.0
229.6

ró4.0
r85.2
279.9

17L.9
2I8.7
274.r

Density (#lmz¡
Plant

l0"c
20
50

450

20
50

450

37
36
26

34
34
33

3r
29
28

31
3l
24

Genotype

Low
Sava
Risi

Sava
Risi

Sava
Rigi

78.5
31.1

60.3
39.6

47.1
36.3

r23.7
60.0

101.r
58.2

60.2
55.6
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9.6.4 Shoot dry matter and growth rate

Plots of shoot weight versus time @gs. 9.11 and 9.12) fitted a linear line very well at 10oC,

but although the growth rates of the shoot at the other temperatrres were relatively constant

too, they showed a general trend to increase over the growing period as temperature increased.

This tendency rvas most apparcnt at lon, density in this experiment as well as in the previous

experiment.

At 10oC, the interactive effects between any two variables of time, genoq/pe and plant density

were highly signifrcant. The growth rate of the shoot (Table 9.17) showed a different pattem

from that of the root. Shoot growth increased with temperature and plant density. At low and

medium densities, Sava was greater than Rigi. at all temperatures (Figs. 9.13 and 9.I4).

Comparing genot)?es, Sava res¡ronded positively to temperature at low density and negatively

.at high density. Growth rate of Rigi. increased as temperatnre increased from 10oC to l5oC

and declined above 15oC at all densities (Table 9.17).

Sava had the highest shoot weight (577e1m2) at 10oC and high density (Table 9.18). Also

shoot weight of Sava was markedly decreased as temperature increased from 10oC to ZO"C at

high density. Therefore, the interaction between genotype and density was found to be highly

significant at 10oC and 15oC. The interaction between genotype, density and time was also

significant at l5oC and 20oC (Table 9.I2).

The lowest value of shoot growth rate was was produced by Rigi. (2.0gDMlm2day) at low

density and temperatue 10oC and the mærimum value (8.9gDlvf/mr/*t)by Sava at medium

densþ and temperature l5oC Cfable 9.I7).

9.6.5 Leaf Area Index (LAI) and Growth Rate

LAI varied significantly according to genotype, plant density and time of sampling. Iæaf area

index is plotted against time and growth curves fitted as shown in Figs 9.15 and 9.16. Plants

at different temperatures and at different densities reached the same LAI at different times .

The higher the rate of sowing, the faster an optimum of LAI was reached. LAI increased as



197

the plants aged regardless of the genot)pe, plant density or temperaturc. The average LAI over

the growing period was greater at20oC than at 15oC and 10oC (Table 9.19). At 10oC, the

incr€ase in LAI was almost linear with time, whereas the increase in LAI at 20oC tended to be

sigmoidal.

The average LAI of both genoqpes showed the same pattern of increase duing the growing

period with increased rate of sowing within each temperature. Low plant density resulted in

the lowbst average of LAI, irrespectiveof plant density. Fig. 9.17 shows that there is a close

linea¡ relationship benveen LAI and the shoot weight . LAI per unit shoot weight was higher

at 20oC than at 15oC and 10oC. The interaction between Genotype x Time x PlantDensity for

LAI was significant only at 20oC (Table 9.12). Specifrc leaf a¡ea (SLA) increased as rhe

temperature and/or plant density increased which confirms that the interacúon between

temperatue and plant density had a positive influence on SLA as well as on LAI (Fig. 9.18).

9.6.6 Acetylene Reduction (AR) Assay

The AR assay values are plotted against time at every temperature regime as shown in Fig.

9.19. Nitrogenase activity responded positively to temperature. At 10"C the start of nodule

activity was later than at 15oC or 20"C. AR assay va¡ied according to genotype, temperature,

plant density and time of sampling. Nodules became more active as the time progressed in

most instances. There was no significant Genotlrye x Time x Plant Density interaction at any

temperature (Table 9.I2). Nitrogenase activity for Sava was depressed severely at low

temperature (Table 9.20, Fig. 9.19).

The average AR assay values (Table 9.19) show the optimum temperature for nitrogenase

activity varied between the rwo cultivars: grcatest activity occurred at 10oC and ã)oC for Rigi.

and Sava, respectively. AR assay followed the same trend as the growth rate of each

genotype. In this experiment, there \¡/as no significant interaction either between genotype and

density or between genotype and density and time. The only signifrcant interaction between
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any two va¡iables was between time and density at 15oC, and between genoqrpo and time at

10oC and 15oC level of æmperature (fable 9.12).

9.6.7 Relations between Nitrogen Accumulation and AR assay

The AR and N¡ fixation rates (calculated from organic nitrogen accumulation), are given in

(Tables 9.19 and 9.n). Means for each va¡iable have been compared benveen temporarrrrÞs

for a range of biomass common to all temperatures. The N2-fixation mtes \ilere similar at lfC
and 20oC and were greatest at 15oC in most instances, i.e. nitrogen accumulation responded

positively to temperaturc from 10oC to 15oC and negatively after 15oC. Thus showing the same

general trend as observed for shoot growth rate (Table 9.17). Therefore, clearly the N2-

fixation rate was in the long term, a function of the effects of temperature on community

growth. flowever, at all temperature regirnes, plant density has a great influence on total

accumulation of nitrogen. Accumulated nitrogen increased as plant density increased

regardless of temperature regimes. Benveen 10oC and 15oC, the effects of temperature on N2-

frxation can be seen to have been parallelled in those on AR, but at 20oC N2-fixation was

depressed whereas AR was stimulated (Tables 9.20 and 9.21). Similarly, AR appean nor to

have been a reliable index with which to have measured the response of N2 fixation to

temperatue.

Table 9.16

Genotype

Root growth rate (gDllf/m¿tAaÐ of two annual medic
genotypes grown at three temperatures using three
rates of sowing

200c

va
1.19
1.19

1.19
1.19
l.l9

Plant Density
I (#lmz¡

5

20
50
450

20
50

450

L.99
2.79
3.57

0.9s
r.75
2.53

r.64
1.95
1.89

r.64
1.95
0.89

Rigr.
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Shoot growth rate (gDM/m2lday)
grown at three temperatures usi
plant densities

of annual medics
ng three different

Table 9.17

Genotype

Rig.

Table 9.18

emp.
("c)

15

Table 9.19

Genotype

The effects of genotype and plant density on shoot
production (gl^2) of annual medics grown at three
temperatures

7.88
2.52

5.15
5.46
4.82

3.78
6.58

1.80
2.84
5.36

NS

ns
20

The effect of cultivar and plant density on ayerage
Leaf Area Index of annual medics when grown at
three temperatures

ava

Plant Density
(#lmz¡

l0'c
zt)
50
450

20
50
450

3.64
5.76
6.93

2.02
4.t4
5.3r

6.67
8.94
4.88

5.37
5.78
6.50

lJensities
'Genotype

Low Medium Hieh

LSD
SVo

Sava
Rigi.

Sava
Rigi.

Sava
Rigi.

r33.6
78.8

r53.3
r32.6

I47
101.1

222.8
t20.5

246.4
154.8

r84.3
145.1

576.7
291.3

441.2
292.0

32r.8
260.2

48

33.E

Plant Density
l0"u

I.ow
Medium

High

Low
Medium

High

r.55
2.88
9.01

77
52
96

0
I
3

2.85
4.44
7.r4

1.65
2.75
4.75

Rigi
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The average C2Iil4 produced
medics grown at three levels
density

(pmot/m2lhr) of annuat
of temperature and plant

Table 9.20

Genotype

Rigi.

Table: 9.21

Genotype

Rigr.

462
276

474
600
4r3

Nitrogen accumulated (SN/m2¡ in plant tissue of
medics grown at three levels of temperáture and plant
density

4.7
12.4

2.7
3.5
6.9

Plant Density
l0"c

Low
Medium

High

2E
43
49

549
795
769

316
L73
111

L72
118
56

Plant Density
l0"c

I-ow
Medium

High

I-ow
Medium

High

2.9
4.3
t7.5

1.5
3.r
7-6

3.7
5.6

17.9

3.3
4.4
8.0
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9.7 Discussion and Conclusions (Experiments 6 and 7)

9.7 .l Discussion

The small swards used in this investigation were intended to simulate the growth of pasture

legumes in the field. Measuring the effects of temperature variation on crop growth rate is

difficult in a field experiment since change in temperature is associated with change in climatic

factors such as light and soil moisture, whilst controlled environments provide a way in which

temÍrerature can be va¡ied as an independent factor. The effects of temperature can therefo¡e be

clearly seen, where other factors (light, plant nutrient) are constant. Three constant

temperature regimes (10oC, l5oC and 20oC) were used here whereas in the field early in

growing period (June, July and August), temperature fluctuated and changed diurnally.

Although the plans were grown under controlled conditions for relatively short perids of time

(ranged from 56 days at 20oC to 87 days after sowing at 10oC), they were grown as swa¡ds

irradiated entirely from above with a constant light intensity 4O0pmolquanta/m2ls at the plant

canopy for 12h daylight. McCree and Amthor (1982) showed the growth of clover to be the

same when there was a difference between the day and night temperature as when the

temperaturc was constant at an average between the two.

Response of plant community to temperature and density: There are no inherent

differences in plant rcsponse to temperature if they grow in the f,reld or in the growth cabinet.

The main differences between the two probably a¡e due to soil condition, water supply,

transpiration and mineral nutrient. There is no way for equating these factors between

environments. Hence, these results must be used as a guide to field performance. New

information has been obtained in this study concerning the effects of temperature on both dry

matter production of root and shoot of annual medic communiúes in relation to ambient

temperature @gs 9.2 and 9.3 in Experiment 6 and Figs. 9.9 to9.l2 in Experiment 7).

Growth rate and dry matter production: Under the growth conditions employed, the

optimum growth temperature was found to be l5oC. In both experiments root growth was

depressed by increasing temperature above 15oC, whilst shoot growth improved by increasing
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temperature except with M. rigidula (the cold tolerant genotype) which yielded less above

15"C. Genotypes responded differently to temperature andplant density. The highest herbage

yield obtained was 577 gDÚtm2 within 87 days after sowing. These results show the growth

responses of annual medic plants to temperature are clearly changed by the amount of dry

matterprcsenL

In ExperimeitT, where plant density was involved, the high temperature of 20oC depressed

the crrop growth rate for root and shoot (except for Sava at low density) compared with a low

temperaturc of 10oC (fables 9.16 and 9.17) because the cost of maintaining biomass were least

at low temperature. Similarly, Cocks (1973) found that subærranean clover communities at the

highest temperature (27oC dayl22"C night) g¡ew at only half the rate of those at the lowest

temperaturc l2oC daylToC night. The same trend was found in these experiments with a high

temperature resulting in a reduction in herbage yield of about 337o compa¡ed with low

temperature of 10oC at high density (Fig. 9.11). Growth was found to be inversely relaæd to

temperature over the range 10oC to 20oC for swa¡ds at seedling stage as it was for swards of

more mature plants. However, shoot growth requirement of temperature is different from

root, where the highest shoot growth rate was 1t.Sg/m2lday) at l5oC while the highest root

growth rate obtained,2.Sglm2lday at 10oC from the same genotype at constant density. The

four genotypes of medic tested in both experiments behaved similarly in that root growth rates

were depressed by about 5OVo wirh a temperatuþ rise from 10oC to zVC.

These effects of temperature could have been due to the high dark respiraúon of covered roots.

It has been shown by Fukai and Silsbury 0977) that the dark respiration rate of a subterranean

clover community at any temperature is linearly related to the amount of shoot dry matter

present, and increases exponentially with increase in the temperature. Also, they found high

temporature to be more depressive of growth rate the lower the irradiance. Temperatures in

excess of lOoC could therefore be more depressive of growth than we have currently quantified

for a pasture under South Austualian field conditions during June, July and August, when

solar radiation is lower than the PPFD used in these experiments.



215

fnfluence of LAI on the temperature response of communities of annual

medics : The results show the LAI influences on the temperature rcsponse of communities of

annual medics. While temperature had a strong positive influence on growth ratc when LAI

was low, this influence rapidly weakened as LAI increased, frnally becoming negative at high

values of LAI. Davidson et al. (1970) present the only other data on the temperanue response

of subterranean clover communities. However, instead of growing the communities at a

specified temperatue fr,om germination, they grew them ogether for six weels before applylng

the treaiments. In doing so they eliminated temperature-induced morphological and

physiological differences initiated before the onset of competition. However, at high LAI a

second limitation, that of high temperature, became apparent. At the high density in the second

experiment the maximum LAI was 9 at 10oC and decreased dramatically to 7.5 and finally ro

6.8 when the temperature rose to 15oC and to 20oC respectively (Frg. 9.15).

The interaction between LAI and temperature was probably due to a change in the balance

benveen photosynthesis and respiration. At low LAI, where growth was faster or higher, high

temperatue increased photosynthesis more rapidly than it did respiration whilst at medium LAI
photosynthesis became restricted by competition for light, so that its increase with æmperature

was balanced by an increase in respiration. At high LAI, respiration (including the respiration

of non-living tissue by micro-organisms) responded to temperature at a faster rate than

photosynthesis, so that the whole community gowth rate fell (Cocks 1973). These effects

could have been due to the high respiration of shaded leaves, so that as LAI increased some

leaves became more dependent on the rest of the plant @avidson and Donald 1958), or they

could have been due to the more rapid death of some shaded leaves or plants so that apparent

net photosynthesis declined. Real net photosynthesis would have remained constant, and the

apparent decline was possibly due to the disappearance of dead material (McCree and

Troughton L966; Davidson and Birch 1972). At high LAI and dry weight, the distribution of

plant weight became so strongly skewed at high temperanre that the loss in weight and life of

the smaller plants approached, equalled, and eventually exceeded the continuing gain of the
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larger plants (Cocls 1973). Although at low temperanrrc the distribution remained symmetrical

and all plants continued to grow, this resulted in continued manimum growth rate.

It is commonly concluded from observations in the field that the growth rates of annual medic

swa¡ds are limited by low temperatue. Whilst this was found to be tn¡e in ttre first experiment

and at low plant density in the second experiment where three rates of sowing werc applied,

(which might be the case in the field when a low sowing rate is used or where regeneration is

poor), my results suggest ttrat high-density swards do not exhibit such a restriction. Swards

established from high sowing rates or after good regeneration at densities of about 20,000

plants/m2 will not only give high early production of herbage, but their growth rates will be

slightly increased rather than decreased as temperature decreases over the range 20oC to 10oC.

High density swards appear to be less sensitive to low temperature than a¡e low density

swards.

Acetylene reduction and nitrogen fixation : The acetylene reduction technique is

widely used to measure relative rates of nitrogen fixation in both the laboratory and the

field (Masterson and Murphy 1976; Hardy and Holsten 1977). However, although the

method is sensitive, it has limitations for the quantitative determination of nitrogen fixation

(Bergerson 1970: Sinclair and Hannagan 1976). Nitrogen fixation by legumes has

sometimes been studied as an isolated topic, either in the field (Carran et al.1982) or under

controlled conditions (Fyson and Sprent 1982). Thus Ha¡dy et al. (1973) found that

although the ratio of acetylene reduced to nitrogen fixed is theoretically 3:1, the

experimental ratio of approximately 2.9: I obtained in the present experiment is based on

two assumptions: (i) that the Kjeldahl-N value rcpresents the nitrogen actually frxed and (ü)

that fixation proceeds at the same rate at night as during the day (as suggested by the data

of Masterson and Murphy 1976). The method appears to offer considerable scope for

measurement of the effects of environment on the physiologicat process of nitrogen

fixation. Since no plants died, the constant rate of acetylene reduction observed per pot or
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per m2 implies that a decrease occured in the rate of fixation per unit root weight as the

total dry weight of shoot and root increascd or root proportion decreased-

Three major conclusions arise from the above results. Firstly, it appears possible to estimate

the growth rate of medic swa¡ds with considerable accuracy by the sequential ha¡vest of single

pots provided seedling plants a¡e selected for uniformity at emergence. Secondly,

measurement of the rate of acetylene reduction by the swards appean¡ to provide an accurate

estimaæ of the rate of nitogen fixation during growtfi. Thirdly, the growth coefficient appears

to be affected markedly by the amount of dry matter present over the range 85.9-158.4

EDMlm2 in Experiment 6, and,60.2-576.7 gDlvf/m2 of shoot dry weightin Experiment 7.

9.7 .2 Conclusions

Experiment 6

Growth raæ va¡ied according to genotype and temperature regime.

Growth rate nearly doubled by increasing temperature from 10oC to 20oC with alt

genotypes except M. rigíùia which inversely responded above 15oC.

Temperature requirement varied according to genotn)es, where the highest growth rate

obtained was from M. rigidula (5.1, gfu4day) and from M. scutellata (6.6 gm2lday) at

10oC and 20oC reqpectively.

M. rígidula was the most cold-tolerant genotype tested in this experiment: it gave the

highest shoot growth rate at 10oC and 15oC (Table 9.8).

Experiment 7

Growth rate varied according to plant density in addition to genotype and temperature

as in Experiment 6.

The maximum shoot growth rate (8.9 gm2/aag was obtained from M. scutellata with

a medium plant density and temperature (15"C) whilst the lowest shoot growth rate

value was from M. scutellata (2.5 glmldzy) at high density and temperature (20'C).



218

M. rigídula, a cold-tolerant genotlpe showed the same trend as in Experiment 6 and

produced tlre highest shoot growth rate at 15oc at high plant densities.

Growth rate increased with increasing sowing rate for both genotypes at low

temperanue (10"C).

The optimum temperature for both genot¡pes was 15oC when M. scutellata and. M.

rigídula werc grcwn at a medium and high plant density respectively. M. scutellata

growth rate is strongly density-dependent, a¡dM. rígídula growttr rate is influenced

directly by temperature and density.
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10. GENERAL DISCUSSION AND CONCLUSIONS

f0.1 Annual Medic Plant Adaptation to the Climatic Environment of
Jordan

The responses of annual medics to the Jordanian climatic environment, although considered

important, had not been quantif,red before the work for this thesis was undertaken. Alternate

studies had been considered to account for the negative effects of environmental factors on

annual medics and the ones investigated \4,ere those most likely to account for the field

observations. When the relative significance of these alternatives (ecological and management

factors such as temperature, plant density, mechanical defoliation, depth of sowing and soil

texture) is understood in detail, it will be possible to develop effective plans to minimise or

reduce the deleterious impact of ecological and management factors on medic pastures and to

reduce the harmful effects of those factors on medic seed production which contributes to poor

seed reserves.

In Mediterranean regions, the main determinant of ecological success of annual medics is the

population of germinable seed present in autumn when available moisture ensures germination,

emergence and growth of medic-plants. This also determines agricultural success where

medic-stand regeneration is required. It is well known that the germinable seed population in

any one year is determined by seed production in previous years, together with the subsequent

fate of that seed which is largely a function of seed dormancy, hard-seededness and the

opportunities for summer or early autumn germination and desiccation and death of emerging

seedlings (Quinlivan and Millington 1962; Rossiter I966a). The probability of plant

establishment and survival must be added to these cha¡acters as primary criteria for success in

areas like Jordan with unreliable rainfall within the growing season (Tables 3.1 - 3.5). These

latter qualities, however, may be addressed ultimately through seed production, along with

adaptation to other climatic factors, edaphic factors and response to pest and disease. Thus the

characteristics of primary importance in assessing adaptation to regions typihed by Jordan will

be capacity for seed production; dormancy and hard-seededness; germination, emergence and

seedling survival; and drought resistance/avoidance in established plants.
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The large differences in yielding ability of different cultivars at the three sites (Ramtha,

Mushagar ¿ntl Rabb¿h) can be attributed to differences in climatic and edaphic conditions. On

average, Mushagar and Rabbah receive more rainfall than Ramtha. The additional rainfall

gives the Mushagar the advantage of a more-reliable autumn break, which promotes the growth

of winter annuals before the onset of winter. Soil phosphate levels differ between sites:

Ramtha soils are low in phosphorus (7-8ppm), whercas Madaba or Rabba soils have medium

phosphorus status (15-24ppm). The interaction of these factors has resulted in the differing

productivity of commercial Australian cultiva¡s and cold+olerant genotypes at the three sites.

In the absence of moisture stress, M. rotata and M. rigídula (cold-tolerant species) were the

most productive in terms of winter dry matter production (Table 4.7), white M. scutellata gave

greater herbage production as the temperature rose in springtime. flowever, tho herbage yieldr

o12-3t Dlvl/ha is low: these levels of medic yield could be due to frost damage during Ma¡ch.

However, temperature variation was very important in inducing variation in seed yield between

sites. Overall, most cultivars yielded better at Mushagar and Rabbah than at the Ramtha site.

M. rotata Sel. l9l9 consistently gave the best yields, while the very-late-flowering sel. 1865

gave the lowest seed yield.

On the other hand, seed : pod ratio was only close to being constant in M. scutellata cv.

Robinson (29Vo) at the three sites, while the ratio values for the other species were much lower

at Mushagar than the other two sites, indicating adverse environmental conditions for seed

production at Mushagar.

10.2 Influence of Annual Medic Plant Density on Herbage and Seed

Production

Herbage production : Plant density played an important role in herbage production or seed

yield in the small-plot experiment in Jordan during 1987 and in the pot experiment under

controlled conditions in 1989. Early in the growing season pasture production was density-

dependent. Low pasture density gave low autumn-winter prduction. Later, seed production
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varied according to genotypes and plant density. In the absence of weeds, low plant density

has the potential to give high herbage production and seed yield except in the case of M. rotate

Sel. 1943 where seed production responded directly to plant density. However, all cultiva¡s

gave increased seed yield when herbage yield increased.

While there is no doubt that high density medic swards are more productive early in the

season, total herbage production will vary according to cultivar and plant density as the actual

differences decrease because of competition for light and soil moisture. Sava showed

superiority in terms of herbage production particularly when at high plant density. The

performance of Sava may be attributed to its large seed size. Black (1958) found that plants

derived from large seed maintained their superiority in productivity. However, high-density

stands of small-seeded cultivars such as Fa¡a. can lose a high proportion of plants later in the

season.

In summary, we can see that the density required to give the maximum yield per unit area will

depend on the stage of growth. If the sward is to proceed to maturity, then a wide range of

densities will give maximum biological yield attainable by the genotype within that particular

environment, and a relatively low population will suffice. On the other hand if a sward is to be

used at an early date, then the greater the density required to maximise yield of that genotype.

Nevertheless, variation in growth rate is grcatest at high densities (Stern, 1960). However, the

interaction between cultivar and plant density was found to be significant from Harvest 1 to

Ha¡vest 6.

Seed yield : Plants at normal field spacing arc smaller, have fewer stems and leaves, fewer

inflorescences, and fewer seeds than widely-spaced plants. Yet there is not a downward trend

in all plant characters as density is increased. Therefore, seed yield depends on cultivar and

density on their interaction. Seed yield of Sava and Rigi. were decreased by increasing plant

density, while Rota. seed yield increased by increasing density.
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In most subterranean clover cultivars mid-late maturing strains had reduced seed yield (Donald

1954; Rossiter 1959; Taylor and Rossiter 1967). In the small-plot experiments in Jordan

(1987) similar results were found with Rigi. but not with Rota. even though both are mid-late

maturing cold-tolerant genotypes. Rota. did not show any reduction in seed yield in the high-

density stands. The reason for that is possibly due to the larger initial seed size, so evsn

though both cultivars were sown at equivalent number of pure germinating seeds (high

density) Rota. had the $eatest number of seedlings.

10.3 fnfluence of Mechanical Defoliation on Herbage and Seed Production
of Annual Medic Swards

Herbage production : At the Waite Institute, defoliation treatments were the same for all

genotypes on each occasion, hence differences in the rato of regrowth must be due to either (a)

genotypic differences in the rate of re-establishment of a photosynthetic area, or (b) genotypic

difference in the remobilization of root "reseryes"; or (c) genotlpic differences in assimilation

rates which are not likely to operate against all cultivars.

Cumulative herbage yield was decreased after all defoliation treatments compared to the

undefoliated control treatment. In conclusion, the four annual medics which have been

examined appeared to fall into three groups, according to their behaviour in swa¡ds defoliated

at different times.

The first group, Sava and Para. with high yielding abitity at early defoliation (H4) followed by

Rigi. with intermediate yielding capacity and finally Rota. which had the lowest herbage

production (Table 6.14). Three weeks after early defoliation (Harvest 5), good recovery from

defoliation was shown by Rigi. ftrst84.7Vo followed by Para. which gave 6l.5vo. In conrrast

to the control treatments for those two genotypes it seems to be they are well adapted to early

defoliation while Sava and Rota. showed a very poor capacity in recovery gowth from

defoliation, 19.87o and 36.OVo respectively.
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However, three weeks after the late defoliation (DL) which was caried out at H6, Para. gave

the highest percentage ,24.17o and 2l9%o of recovery after the double defoliation (DEL) and

(DL) respectively followed by Rigi. while Rota. was very poor in percentage recovery growth

at both DEL and DL treannents, being 15.67o and l0.2%o respectively.

Botanical composition : Botanical composition is influenced by several elements such as

plant density, plant growth habit, plant competitiveness (for soil moisture, plant nutrient and

light), grazing pressure or time and frequency of mechanical defoliation. However, time and

number of defoliations had no significant effect on density of annual medic. The results from

the defoliation experiment indicate how rapidly changes in botanical composition can occur.

Cultivars exhibited various levels of competitiveness with weeds, although this depended on

the cultivar growth habit and its ability to recover from defoliation.

The relationship between herbage yield and weed yield was negative. Therefore a genotype

with a very poor capacity to recover from defoliation such as Rota. will allow increased weed

g¡owth. However, differences in the ability of genotypes to suppress weeds were highly

signifrcant (Table 5.10) on all harvest occasions.

Seed production : Reference has already been made to the general depressive effect of

defoliation on seed production (Rossiter 1961). The recent evidence from annual medic results

in this study supports this contention. Knight and Hollowelt (1959) showed that moderate

defoliation (from 6 inches down to 3 inches i.e. l5cm to 7.5cm) of T. incarnaturnL. had little

effect on forage production, but reduced seed yield by 147o. The effect of late defoliation

anüor early and late defoliation on seed yield in this defoliation experiment reported here is in

agreement with these findings. On the other hand early defoliation (DE) prior to flowerin,s

markedly increased seed yield in both cultivars (Sava and Rigi.) compared to the control

treatment which was attributed to an increase in number of inflorescences produced.

Therefore, extra flowers will be largely responsible for increasing seed yield. Similar resuhs

were reporred by Rossirer (1961, 1972).
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10.4 Influence o_f_So-wing Depth and Soil texture on Seedling Emergence
of Annual Medics

Placing the seed deeply in contact with moist soil could be an advantage only in regions where

such moisture can be secured before sowing. In the rain-fed areas of most of the Nea¡-East,

North Africa and other Mediterranean countries the summer and early autumn are usually dry

and there is very little moisture stored in the surface soil layer where seed is normally sown.

However, when annual medics are sown under field conditions, where germination is

simultaneous, plants from greater depths of sowing will be at a disadvantage as compared with

those from shallower sowing, since emsrgence will be progressively delayed as depth of

sowing increases. The absence of a cultivar by seeding depth interaction indicated that all

cultiva¡s responded similarly to changes in sowing dopth. Compared to shallow sowing deep

sowing rosulted in a highly significant reduction in emorgence ranging from a l\Va to 407o

reduction in number of seedlings emerged. Similar decreases in number of subter¡anoan clover

emergence were reported by tslack (1956) for deep sowing. É,Iowever, the optimum depth of

sowing depends on soil moisture and soil temperature (Webb and Stephens 1936). Therefore,

the present study showed that medic emergence and plant vigour were adversely affected by

deep sowing.

10.5 Seedling Emergence and Herbage Production Differences between
Genotypes and the Mixture of Annual Medic Swards

In the absence of water stress, seedling emergence and herbage production varied between

genotypes gfown in micro-plots of the raised-bed experiment 1988. As commercial Australian

genotypes and cold-tolerant lines with a range of seed weight (4-20mg/seed) and hard-

seededness were used in this experiment, it was expected that there would be differences in

seedlings emergence and herbage production.

Seedling emergence : Differences in seedling emergence will be directly influenced by

number of germinable seed sown/unit area, hard-seededness, seed size and depth of sowing as

well as the soil texture a¡ound the seed. However, irrespective of plant density and mixtures,

cultivar effects were significant, and the highest plant population was Para with l244lmz fthe

smallest seed size) which had the highest number of seed sown on the basis of equivalent seed
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weight compared to other genotypes. Ilowever, not much variation was found in the

percentage of the seed that germinated and seedlings emerged and established in binary

mixtures compared to monocultures.

Herbage production : In the raised-bed experiment in 1988, there was a significant

interaction between medic genotypes and harvest occasion in terms of herbage yield but not in

plant density which is attributed mainly to mixture effects. However, all binary mixtures

which included Sava showed a decline in herbage yield compared to the mixture components in

monoculture swards due to shading effect of taller cultivars such as Sava. This result supports

the contention of Bazzaz and Harper (1976) who found the competition may result either in

death of plants, reduction in growth rate, or both. Sava medic seedlings had greater dry

weight in all treatments which result is attributed to its large seed size : this resulted in mean

plant dry weights fou¡ times greater than any of other cultivars used.

However, while total herbage production did not differ significantly in the beginning of the

season, clear differences were observed by the end of the experiment (Harvests 5 and 6).

Furthermore, in comparing genotypes, total herbage production was independent of number of

plants, Sava with the lowest number of plants was the most prductive in tenns of herbage

yield after Para.

10.6 Growth Responses of Annual Medic Cultivars to Temperature and
Plant Density

The micro-swards in pots used in these two experiments were intended to simulate the growth

of medic species in the field. The controlled environments in which $owth and nitrogen

fixation were measured differed from the field in several aspects such as variation in

temperature and solar radiation. Temperature variation in the field is associated with other

climatic factors and it is diffrcult to be controlled. Whilst the controlled environments provide a

method in which temperature can be va¡ied as independent factors. Plants had no water sÍess

and an adequate supply of plant nutrients.
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All evidence recorded in the literature suggests that the growth of annual medic is well adapted

to a cool environment. Both the growth rate and the N2-fixation rate were high at 10oC to

15oC, and decreased beyond that especially the cold-tolerant genotype - Rigi. Nitrogen

deficiency may not have an effect on growth when legumes are establishing early in the season

because the deficiency seems to be exacerbated at high PPFD. For herbage production in the

biomass range 85-158g/mz/day in Experiment 6 and û-577glm2lday in Experiment 7, the N2-

fixation rate was depressed more by increasing the temperature than was the growth rate.

At low temperature, in particular 10oC, the data indicate that there was ample carbon available

to support synthetic activities of nodulated roots, because the rate of maintenance respiration

was low. In both experiments root gowth rate was inversely influenced by temperature,

whilst shoot growth rate was improved by increasing temperature in Experiment 1, except

where Rigi. which declined above 15oC in both experiments. However, a temperature of 15oC

is the temperature optimum in most cases as shown in Figures 9.3 - 9.6b and Tables 9.9a and

9.9b for Experiments 6 and 7 respectively. Simila¡ results were reported by Fukai and

Silsbury Q976).

The range of plant densities used in this experiment extends far beyond the level resulting from

normal farm practice of sowing at about l0kg/ha. The reason for extension to very high rates

(20,000 plants/m2) is that seed yields of up to 1000kglha are common in established medic

pastures, and in very favourable seasons regeneration may begin with a 'sowing rate' of this

order. However, because of hard seed levels natural regeneration from mixed aged seed is

rarely more than 30Vo of the total seed reserve (Carter 1981).

Our data therefore cover the range of densities likely to be encountered in the f,reld. Medics

sown at high density showed more than fourfold differences in dry matter yield(434 g/m2 at

low temperature compared to low-density plots (96gnp¡. However, the differences in dry

matter yield between high and low plant density swards were decreased as the temperature

increased. However, as shown for subterranean clover by Silsbury et al. (1979), the present
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data demonstrate a marked effect of sowing density on the seasonal $owth pattern. In the

present case, the maximum Sava crop gowth rate was depressed by very high plant densities

such that the rate at the lowest density (6.9) is about double that obtained at the highest density

(2.5glm2lday).

Two explanations are proposed for the decline in crop growth rate with increase in plant

density. The first is that shoot dry matter production at the highest sowing rate (20,000

plants/m2) may have consistently have been underestimated. Intense inter-plant competition

evidently resulted in considerable mortality of seedling plants, and some of rotting plants of the

resultant dead material may have been lost during the sampling. Similarly Hunt (1970) found

leaf senescence to be associated with a decelerating growth rate. The second explanation is that

high plant density resulted in a low specific leaf area (I-eaf lamina area per unit weight) and

consequently a low capacity for photosynthesis.

Since light flux density influences (SLA) appreciably and because leaves of different (SLA)

exhibit differences in carbon dioxide exchange rate (Silsbury 1968; Pearce et a|.1969), it is

possible that high plant density results in a relatively low capacity for canopy photosynthesis.

The highest maximum crop growth rate was recorded here for snail medic cv. Sava, i.e. 8.9

g/m2lday at medium plant density (22ffi plants/m2) and temperature 15oC, while the lowest

gowth rate was 2.5 glmzlday at high plant density and temperature of 20oC from the same

Sava genotype.

10.7 Future Research Required

Jordanian studies : The plant density experiment conducted at Mushagar and the evaluation

of annual medics experiment conducted at three different locations (Ramtha, Mushagar and

Rabba) in Jordan, 1987. In both experiments, one date of sorving was used for each

experiment and two rates of sowing were used in the plant density experiment (Mushagar). A

similar study is required with several plant densities and times of sowing. Seed/seedling
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survival is expected to vary according to genotype, plant density time of sowing and other

environmental factors. Therefore, to cover all these cha¡acteristics much more detailed studies

a¡e needed on rate of sowing, date of sowing and the environmental factors such as climatic

and edaphic which affect seed soil contact for moisture exchange for germination, emergence

and establishment and the consequent length of growing season. The limiting factor for

livestock feed supply is the winter production which is mainly influenced by medic seed

reserves to ensure a dense stand of medics.

V/here medic seed is sown at different timos there is a need for monitoring tho time of

flowering, flower abortion, seed set and seed production. É,Iowever, the real value of

commercial medics has to be assessed by comparing sward productivity and adaptability with

the local pasture types (native pasture legume mainly medics) or other forage crops.

Furthermore, despite the importance of hard-seededness and seed dormancy, it appears that

particular emphasis on these characters is unlikely to be warranted in any future medic

evaluation. Therefore, emphasis should be placed mainly on seed production to ensure good

levels of seed reserves for subsequent regeneration of pastures, seedling establishment and

plant survival. This problem of low seed reserves and medic pasture production is widespread

over large portions of the cereal-livestock zone of South Australia (Carter 1981, 1982; Carter et

al.1982).

Research work in South Australia : The gro\¡/th rate (g/mz) of recovery plant growth

from mechanical defoliation of medic swards is difficult to judge by measuring plant dry

weight after a certain time, but a satisfactory analysis of regrowth can be made by calculating

the time taken or required for each genotype to reach a specitìed percentage of its weight at

defoliation. However, a number of aspects must be considered when suitable varieties for

productivity studies involving defoliation are being chosen. It would be desirable to find two

varieties contrasting in height and recovery from defoliation. Since studies on seed production

were also proposed, contrasting seed size and ha¡d-seededness would be an advanta,ge.
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Future pasture studies would be the most beneficial if both the pasture and the animal

parameters were measured, thereby to give more knowledge for the pasture factors which

affect animal production and vice versa. Therefore, it is worthwhile, with reference to the

defoliation experiment, to design an experiment to compare the impact of mechanical

defoliation versus grazing on herbage and seed production.

Controlled environment work at Waite Institute

In contrast to the ample data for subterranean clover which shows the time course of dry matter

growth to be strongly influenced by plant density, time of sowing and temperatute, few data

appear to be available for the annual medics (as shown in Literatu¡e Review). There appears to

be a need to describe and quantify the growth of annual medics which are of considerable

importance on the neutral-alkaline soils in regions of Mediærranean climate.

In order to maximise the likelihood of medic seed production in a given environment, it is

important that flowering be timely. Therefore, there is need to study the quantifying

vernalization and temperature promotion effects on time of flowqring of annual medic cultiva¡s.

Flowever, there is a wide genetic diversity in flowering time of annual medics. Annual medics

(lvledicago spp.) have potential as winter legumes in agricultural areas of cereal-livestock zone

(Carter I97 4, 197 5). Much better knowledge of the factors affecting field behaviour of medics

is necessary if they are to be used effectively. Flowering in medics is greatly affected by the

interrelationship between temperature, including vernalization responses and photoperiod

(Aitken 1955; Clarkson and Russell 1975).

On the other hand, little is known of the effects of plant density on the carbon dioxide

exchange capacity of annual medics or the response of specihc leaf area (SLA) to variation in

plant density, although temperature and the age of the swards have a marked influence on

SLA.
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As the ability to prcdict development is an important requirement in modelling plant growth in

field situations @ussell L977), it appears worthwhile to study the growth and development of
medics under controlled conditions, thereby establishing the values of parameters to use in a

function describing their field behaviour.

10.8 Main Findings \

10.8.1 Experiment 1: Evaluation of annual Medic Genotypes in Jordan

The recommended pasture legumes are medics because of their ability to frt in tey farming

sytem and low water requirements compared to other legumes. Most medic species are winter

annuals adapted to Mediærr¿nean climates. The main finding in this experiment are:

Plant population : Medic density was higher at Mushagar than the other two sites.

Dry matter yield : M. rotata (one or more strains) gave the best herbage production.

However, for spring herbage production M. Scurellafd was the best as well as the M.

rotata genotypes. Therefore, the total dry matær data clearly show the superiority of M.

scutellata and many of the newer strains (particularly M. rotata 5eI.228411953) over ttre

commercial strains M. truncaruIa.

Seed production : With reference to site effect, seed yield was better at Mushagar and.

Rabbah than at Ramtha (drier site). M. rotata Set. 1943 consistently gave the best seed

yields (5Okglha) at Rabbah.

10.8.2 Experiment 2 z Influence of Plant Population on the Growth and SeedProduction of Annual Medics

Dry matter yield : The most critical time for herbage production is winter time when

the temperature is low and the feed is sca¡ce. However, winter herbage production was

found to be strongly dependent on seed size and/or plant density. Similar results were

found in the controlled-environment conditions. As the time progressed, the herbage

production became less dependent on plant density and by the end of the growing season

herbage yield was independent of plant density.

Pod and seed yield : Pod yield is very important as the source of seed yield and for

summer feed in dry seasons. All genotypes showed increased in number of pods/m2 as
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plant density increased and the highest productive cultivar for pods (5678 pods/m2) was

obtained from M. rotata Sel. 1943 at high density. However, seed yield showed a

similar trend as shown for pod yield. Seed yield was varied according to genotype and

plant density, whilst all genot¡'pes show a positive correlation benveen herbage yield and

seed yield. Furthermore, M. rotata was the only cultivar that responded significantly to

plant density.

10.8.3 Experiment 3 : Effect of Time and Number of Mechanical
Defoliations on Growth and Seed Production of Annual Medics.

From work done in the defoliation experiment and literature reviewed, recommendations can

be made for the range of situations likely to be.encountered. The importance and value of

herbage production and seed yield of annual medics will always vary between farms, districts

and seasons, but broadly the requirements would be for one of the following cases:

l. Early defoliation : For good recovery and high herbage yield at, or prior to the

flowering stage ([I4), Para. would be preferred over other genotypes. The desirable

cha¡acteristics of Pa¡a- ¿¡re greater regrowth efficiency after defoliation than Rigi. and generally

higher herbage yield for winter production. Although there were few differences in seed yield

between Para. and Rigi. defoliation in this case is an extra bonus, possibly as a way of

reducing lodging or disease or delaying stem elongation and flowering of an early sowing,

until more favourable weather. Therefore, early-flowering cultivars escapo from frost damage.

However, Para. and Rigi. showed more tolerance of mechanical defoliation for herbage yield

than Sava and Rota.

2. Late defoliation : To provide maximum forage in late winter Para. and Rigi.

would be the most productive if seed production is not needed at all or seed is needed but not at

maximum yield, otherwise Sava was the highest producer of seed, especially after early

defoliations. However, all genotypes depressed in terms of seed production at late and/or

twice (early + late) defoliations. Therefore, the early defoliation (before flowering) is the only

recommended one for maximum herbage and seed production in annual medic swards.
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10.8.4 Experiment 4 : Differences in Seedling Emergence and Survival
Between Annual Medic Genotypes in Monoculture and Binary
Mixture Swards

Mixtures of medic genotypes resulted in decreasing the average plant dry weight of Sava in all

mixtures compared to Sava grown in monoculture swards. However, the average plant

weights of other cultiva¡s were steady where Sava genotype was not involved. Furthermore,

not much variation was found in the percentage of the seed that emerged and established in

binary mixtures compared to monocultures. Herbage production was also suffering from yield

reduction in mixture swards, especially when Sava was one of the mixture components in high

density mixture swards where the four genotypes were mixed at equal ratio (on the basis of
600 kgtha of pure germinating seeds of Para.) 207o - 367o of all seeds sown failed to germinate

or seedlings emerge anüor establish under the high-density competitive conditions.

10.8.5 Experiment 5 : Effects of Depth of Sowing and Soit Texture on
Seedling Emergence of Annual Medic Genotyþes

The results of these studies emphasize the importance of sowing seed at shallow depths (10-

15mm) in an alkaline sandy-loam soil unless there is a water deficit when slightly deeper

sowing may be wa¡ranted. Of course the optimum date of sowing will allow good plant

establishment prior to cold and/or excessively wet soil conditions or even to avoid freezing and

soil heavy and frost damage.

f 0.8.6 Fxperiments 6 & 7 z Growth Responses of Annual Medic Genotypes
to Temperature and Plant Density

Root proportion and dry matter yield which occurred as root : Root proportion

and dry matter yield which occuned as root were inversely related to increase in temperature

from 10oC to 20oC in both experiments - i.e. Experiments 6 & 7. However, plant density had

a positive influence on the root dry matter yield. Therefore, root : shoot ratio is dependent on

temperature. Generally, root proportion decreased as the time progressed, particularly beyond

15oC, while at 10oC root percentages were more steady.

Growth rate and shoot yield : Growth rate was more dependent on temperature as well

as on plant density. Shoot dry matter va¡ied according to temperature, genotype, plant density
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and plant age which highly significant affecting shoot production. Shoot yield positively

responded to plant density at an early growth stage which means herbage production early in

the growing season is density dependent and which ensures high winter herbage production

where feed is needed.

Rigi. the cold-tolerant genotype showed the highest growth rate (5.09 gl^ztday) at low

temperature and an inverse response as temperature increased beyond 15oC, while the

commercial cultivars Sava and Rota. became more productive as the temperature increased

from 10oC to 20oC. The shoot growthrequirementof temperature is different from root, where

the highest shoot growth rate was 5.6 glmz¡dîy in the first experimenr and 8.9 gtmz¡day in the

second experiment when at 15oC throughout the period of measurement for both experiments.

Leaf Area Index (LAI) : Plants at different temperatures reached the same LAI at different

rates. LAI increased as the plant got older. Also LAI improved by increasing temperature

level, antVor plant density. LAI increased as shoot dry matter yield increased. Thus, the

relationship between LAI and shoot yield varied signifrcantly according to genotype, plant

density and time of sampling. Furthermore, specif,rc leaf area (SLA) values were increased as

the temperature or/and plant densþ increased which confirm that the interaction of temperature

and plant density have a positive influence on SLA as well as on LAI.

AR Assay : Nitrogenase activity was enhanced as temperature increased. The optimum

temperature level for nitrogenase activity was 15oC in the first experiment, while in the second

experiment the optimum level of temperature for nitrogenase activity depended on the particular

cultiva¡. The AR assay followed the same trend as the gowth rate of each genotype. On the

other hand, accumulated nitrogen increased as plant density increased anüor temperatue

increased from 10oC to l5oC and inversely affected beyond 15oC.
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f0.8.7 Conclusions and Recommendations

It is commonly concluded from observations in this study (controlled conditions experiments)

that the growth rates of annual medic swards are limited by low temperature in most cultivars

tested. Whilst this was found to be true at low density, which might be the case in the field

when a low rate of sowing is used or when regenerating pasture is poor, our results suggest

that high density swards do not exhibit such a restriction. Swards established from high

sowing rates, or after good regeneration at densities of 22,0A0 plants/m2 will not only give

high early production of dry matter, but their growth rates will be slightty increased rather than

decreases as temperature decreases over the range 20oC to 10oC. High-density swards appear

to be less sensitive to low temperature than are low-density swards at early growth stagos

(winter herbage production) where the negative growth increasos with higher density.

However, for maximum herbage production, seed yield and high seedling emergence and

establishment and survival to ensure optimum levels of pasture production shallow sowing (10

- 15mm) at alkaline sandy loam soil with an early defoliation or grazing (before flowering) is

recommended.
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Appendix A
Table ,4..1

Weeks
after

emergence

4
6

I
10

t2
t4
16

18

4
6

8

10

L2

t4
L6

18

235

Sava Para.

Genotypes

Herbage yield (kg DM/ha) of four medic species
sown at equal sowing rate (30kg/ha) in Jordan
1987.

Table 4.2 Herbage yield (kg DIIúha) of four medic species
sown at equal seed number (825/m2) in Jordan
1987.

Genotypes
Weeks
after

emergence Sava Para. Rigi. Rota.

Rota.

172
167

191

470
tt37
2485
4006

4074

t97
170

269
970

1344
299s
5131

6497

Rigi.

t29
17t
155

497

722

2842
43t9
6t48

159

143

267

56s

837

2291
4055

4662

1&
208
225

399

1101

258r
M06
5169

373

434

652
1036

r892
5804

6235

6693

r65
205
298
684

93r
3206
4255

6115

178

204
298
495

1 r83
3162
s260
5255
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Appendix C

Table C.l

Days after
Sowing

5
6
7
8
9

10
11
T2
13
L4
15
L6
t7

Table C.2

Days after
Sowing

5
6
7
8
9

10
1l
T2
13
T4
15
r6
t7

Y9"n emergence of M. scutellatø cv. Sava seedlings per pot(25 seeds sown)

Loam

Loam

5cm

5cm

0.7
2.6
4.2
7.8
9.3

10.0
10.2
10.5
10.5
10.0
10.8
7t.2

Mean emergence of M. truncatula cv. Paraggio seedlings
per pot (25 seeds sown)

r.7
5.7

tt.7
15.5
16.8
17.2
18.0
17.8
18.2
18.3
18.3

Sand

lcm 3cm 5cm lcm 3cm

4
5.3
6.8
8.5
8.5

14.8
17.5
r8.3
2L.0
2r.5
21.8
22.0
22.5

0.5
3.0
5.5
8.5

12.6
16.2
18.2
19.7
19.8
20.3
20.7
20.7

2.2
4.0
8.3

10.3
11.8
12.7
13.8
14.2
14.5
15.0
15.0

18.3
18.7
19.7
20.2
20.5
20.8
20.8

t4.2
16.0

3
3.8
7.8

rl.7
10.5
12.0
13.0
13.7
15.3
15.3
16.0
16.3
16.7

î.s
5.3
8.8

Sand

lcm 3cm 5cm lcm 3cm

18
t7.2
t7.5
18.2
18.2
22.3
22.8
22.8
22.8
22.8
22.8
22.8
22.8

5.3
11.0
16.9
18.5
20.2
21.0
20.8
21.3
21.5
21.7
2t.7
2r.8

0.8
1.5
8.5

14.7
t6.7
18.2
18.8
19.0
19.3
19.8
19.8

18
8.2

12.8
17.0
20.7
2r.3
21.7
2t.7
2r.8
21.8
21.8
22.0
22.2

5.2
10.9
15.0
18.4
19.6
20.0
20.0
20.0
20.0
20.0
20.2
20.4
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seeds
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emergence ol M. rigídula Sel. 716 seedlings per pot (25
sown)

Days after
Sowing

5
6
7
8
9

10
11
L2
t3
l4
15
16
T7

Table C.4 Mean
seeds

Loam

5cm

emergence of M. rotata Sel. 1943 seedlings per pot (25
sown)

õ.s
1.2
3.2
4.7
6.0
7.3
7.8
8.0
I
8
I

Loam

Days after
Sowing

5
6
7
8
9

10
11
l2
13
t4
15
16
t7

5cm

õ
0
I

15
t7
l8
l8
79

5
8
8
8
J
2
7
5
2
5
5

20.
20.
20.

Sand

1cm 3cm 5cm lcm 3cm

11.0
10.0
tt.2
13.0
15.5
15.7
15.5
15.3
t6.2
16.3
16.5
16.7
16.7

1.0
3.8
4.9
8.0
9.7

10.3
10.7
11.0
11.3
tL.2
11.3
Il.7
tt.7

2.O
r.2
2.8
6.2
7.5
9.0
9.2

1 0.0

9.3
9.5
9.7
9.8
9.8

10.0
10.8
11.0
10.8
tr.2
11.5
tt.7
1 1.8
1 1.8
12.0

6.0
6.3
7.4

10.0
Lt.2
11.8
12.3
12.3
t2.3
12.3
t2.5
12.5
t2.7

6.0
5.8
7.7

Sand

lcm 3cm 5cm lcm 3cm

t7
18.8
20.r
22.5
23.0
23.2
23.2
23.5
23.5
23.5
23.7
23.8
24.2

3
1.8
8.2

14.0
20.5
22.2
22.7
22.8
23.5
23.7
23.7
23.7
23.7

I
1.3
4.5
6.3

15.3
1,8.2
19.7
20.3
2I.O
21.2
21.2
21.2
2r.3

18
17.7
18.6
22.0
23.2
22.8
23.2
23.2
23.2
23.2
23.2
23.2
23.2

5.5
9.2

10.8
14.0
15.8
15.8
16.0
r6.2
16.0
16.2
16.2
16.2
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Appendix D

Table D.1 Composition of Nutrient Sotutions Molarity (nM)

Compound (+N) 5.0 mM
mg/l

KNO3
Ca (NO¡)z - 4H2O
MgSO4 -7IIZO
K HZ PO¿

H3 BO3
MnCIZ - 4}J2O
Zn SO4 -7 }JZO
CuSO4-5HZO
Na2 Mo O+ - zH2O
EDTA
FeSO4 -7}t2O
KZ SO+

Ca SO+ -2Íl2O

168.34

393.18
246.38

34.00
2.86
1.81

0.22
0.08
o.L2

23.82
19.92

72.51

(-N) 0.0 mM
mg/l

246.38

34.00
2.86
1.81

0.22
0.08
0.12

23.82
t9.92

2t7.75
372.50
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