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SUMMARY

A survey of farmersr fieldswas und.ertaken in the district of MaIlaIa

to evaluate the contribution of annual ltledicago specÍes to soil total

nitrogen under a semi-arid environment. The diversity of annual medic

history in cereal roÈation was the criteria for selectÍng the study area.

Ninety-five paddocks in pasture were soil

Soils were transitional between red-brown earth

arxf mean annual rainfall varied from 325 to 4O0

medic-dominant or grass-dominant within the 25m

which 16 randomly Iocated soil cores were drawn

sampled during spring.

and solonized. brown soil

mm. Pastures were designated

x 25m sampling area from

and bulked.

Cropping history of each site and for the lO-year period. (L965-I974)

was obtained from the farmers. Soils were analysed for physical and

chemical properties. Correlations between pairs of measured variables and

linear regressions \^rere used to identify the degree of interaction between

variables. Principal component analysis was also performed on the data

in order to simplify the description of the interrelationships bet--ween soil,

management and climatic factors in relation to soil total nitrogen of the

0-5 and 5-10cm depth intervals.

Variation ín soil total nitrogen between sampled sites was positively

associated witl¡ the frequency of years of pasture (FYRP) and negatively

correlated with Èhe frequency of years of crops (FYRC). A combination

between a management factor (FYRP) and a climatic factor (May - October

rainfall), defined as accumulatecl seasonal rainfall on pastures (ASRP), ,led

to a significant improvement of the coeffj:cj-ent of determination of the

regression of soil total nitrogen on FYRP (from R2 = 0 .28*** to R2 = 0.42***)



.(xiii)

Estimates of nitrogen increment in the 0-I0qn layer of soil under

medic-dominant pastures r,'¡ere d.erived from linear regressions of soil total

nitrogen on ASRP and were found to vary between seasons with an average

mean annual increment of 2OO kg ha-l N in a mean rainfall year (248 mm,

May - October). The corresponding figure for the grass-dominant pastures

hras low and poorly defined. Principal component analysis indicated that

differences in soil total nitrogen under medic-dominant pastures were

positively associated with the ASRP, soil lime, total phosphorus and

negatively associated wittr bulk density. There was a lack of correlation

beL-ween soil total nitrogen and, available phosphorus and soil total nitrogen

¿nd clay content of the surface soil.

The split of soilsinto solonized brown soils and red-brown earths showed

the same associations between soil total nitrogen and the measured variables

except that red-brown earths are lime-free in the surface soil and clay

was more closely associated with soil total nitrogen.

The acetylene reduction assay was used to measure nitrogenase activity

as an estimate of rate of nitrogen fixation in nodulate<l l,ledieago ttwrt'catuLa

(cv. Jemalong) in the field on several occasions during the year. The

effects of varying the density of sowing from O to 1OOO trg ha-l seed' and

date of sowing were investigated, as the survey had indicatecl that dominance

of the pastures by medic was of primary importance to soil nitrogen accretion.

Acetylene reduction activity increased with plant density during the

vegetative phase of plant growth and reached an optimum at about flowering.

Beyond flowering acetylene reduction activity decreased. more rapidly at the

medium and high plant densities than at the low ones. Results were inter-

preted in terms of measured effects on dry matter production and plant

population.



(xiv)

The effect of phosphate supply and grass-medic competition on

acetylene reducÈion activity of. Medieago tmtrrcatuLa (cv. Jemalong) was

investigated using a glasshouse experiment. The expe::iment was aimed

at clarifying the result from the survey of a lack of correlation

between soil total nitrogen and soil available phosphorus.

Acetylene reduction activity, shoot dry weight, root dry weight and

nitrogen content of medic roots all responded strongly to rate of phosphate

supply and all had the same optimum phosphate level (160 ppm P). There

\das no significant plant x community interaction on acetylene reduction

activity of medic grown in association with ryegrass. It was concluded

that none of the hypotheses under test coulcl be sustained and survey

result is likely to be an'indirect effect of the influence of phosphorus

in crop years.
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1.0 INTRODUCTION

The nitrogen content of soils of many regíons in the world remains

a factor limiting crop yields. Nitrogen fertilizers may increase yields

in those regions where environmental conditions are adeqtiate for nitrogen

uptal<e and utilization by plant communities (Russell 1968a). In some

Australian cereal growing regions with a Mediterranean type of climate'

the use of legume pasture leys as a means of providing nitrogen to cereal

crops is considered to be safer ancl more profitable than fertilizers be-

cause of the steady buitd-up of soil nitrogen reserves and subsequent

nitrogen rel-ease to crops, the lower cost of cereal production, the

integration of cereal and animal production and the diversification of

farmers enterprises and incomes (grain, wool, livestock, and sometímes

pasture seeds).

In Australia, strikinq progress in cereal production has been

made since the introduction of legume pasture leys in cereaf rotations

(Donald 1965). Many studies have clearly demonstrated the beneficial

effects of subterranean clover (Tz'ifoLiun sztbterraneurn) on soil nitrogen

(N) accumulation and su-bsequent cereal production (Donald and Williams

1954, Vtilliams and Lipsett 1961, Russell 1960). Field surveys (Donald

and Williams 1954, Williams and. Lipsett 1961) and long-Lerm field experi-

ments (Russe]l 1960, V'laÈson 1963, 1969, Greenland \97I¡ Jenkinson L976)

have been used to study soil N status with varying management practices.

The estimated amounts of N fixed by subterranean clover leys varied from

50 to 3OO kg h"-1 y..r-l. Nutman (Lg76) reported the amounts of N fixed

-l -'l(ks N ha - year -) by several forage legumes and grain legumes, and

mentioned that forage legumes generally fix more N than grain legumes.

But, so far, there is a lack of detailed comparative studies between the

amounts of t¡ fixed by legume-based pastures and grain legumes

WAITE INSTITUTE

L¡BRARY
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!ùheat yields have more than dor:bled in many areas of the

Australian cereal belt from 1930-40 to 1950-60. These ar:eas generally

lie in the higher rainfall zones of the wheaÈ belt (500 mm or more annual

rainfall) where strbterranean clover grovls profusely on acid soils.

However, cereal production extends to regions of much lower seasonal

rainfall (3OO to 400 mm) where growth and persistence of subterranean

clover is almost always unsatisfactory.

In the lower rainfall regions with neutral to alkaline soils

annual medics (Medicago spp.J grow well in most seasons. One may ask

whether the íntroduction of annual medics into cereal rotations has the

sarne effects as does subterranean clover on soil fertility build-up and

cereal production. There are few data in the literature to help al'ls\^/er

this question. It seemed useful, therefore, to study the contribution

of annual medics to soil N and to deterruine the factors in the environment

(soil, management and climate) that may be linked with the build-up of

soil N under serni-arid conditions. For this purpose, a survey of 106

pasture paddocks of varied annual medic hisÈory was conducted in the

district of Mallala (south Australia) in 1974. This survey aimed at

examining the relation between soil total N and the frequency of annual

medic leys in the rotation over a number of seasons and under farm

conditions (Part 3.0). Hypotheses derived from the results of the survey

were tested. using a field experiment (Part 4.0) and a glasshouse experiment

(part 5.0). The field experj-ment looked at the effects of sowing density

and sowing date on the rate of nj-trogen fixation (Ìlr-fixation) by barrel

medic (MeùLcago tYuneatula, cv. Jemalong) throughout a growing season (1975) '

The glasshouse experiment investigated the effect of phosphate supply and

competition from grasses on growth and Nr-fixation by barrel medic. ITitrogen

content of herbage was estímated by analyses of plants and Nr-fixation

activity in the plants v/as measured by means of the acetylene reduction assay'
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Z.O LITTRATURE REVIET^J

whíle diffeùing greatly from other great soil groups of the world,

the soits characteristic of the Mediterranean climates nevertheless share

the almost universal deficiency in N. Under continuous cropping soil N

declines (Greenland 197I) owing to losses in a nu¡rber of \^Iays'

2.I DBPLETION OF SOTL NTTROGEN

2.I.L Leachins

Leaching of available soil N into deeper subsoil layers is one

of the processes of N loss from the arable layer of soil- The magnitude

of leaching depends on nitrate accumulation in the soil, the incidence of

heavy rains and soil t.*trrr. (Allison ]¡966). Since nitrate follows the

movement of water, it is evident that the degree of waLer percolation is

the principar factor controlling ràss or nitrate by leaching. From the

agricultural point of view, the significance of this downward movement

of nitrate depends on crop species. According to Greenland (l-971) ' sr:b-

soil accumulations of nitrate in the cereal zones of Australia often

remain within the bor:ndaries of the root zone since raj-nfall intensity

is generally quite low. The same author suggested that loss of N by

volatilization is more important in the cereal belt of Australia'

2.L.2 Vol.atilization

volatilization of soil N is due primarily to the evolution of

ammonia, especially from alkaline soils and when N fertílizers such as

anrunonium nitrate or urea are ad,decl to the soil (Simpson 1968) or from

areas receiving urine f.tom grazing animals (!Ùatson and Lapins l-969) '

The loss of anrnonia by volatilizatíon from armnonia-based N fert-ilizers

was estimated to be 15 - 252 of the quantity applied (Al-lison 196e') '
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In Australia, Vüatson and Lapins (1969) mentioned losses of N from the

soil-p1ant system of the order of 45 kg for every 10O kg of herbage N

ingested by grazing sheep. Volatilization of ammonia from urine was

the main source of loss. Denmead, Simpson and Freney (1914) reported

that N was lost as ammonia at an annual rate of lOO kg hu.-l f=o* grazed.

lucerne pastures near Canberra. The loss of N by volatilization was

reported to be greater under warm conditions and from bare ground. (Watson

and Lapins 1969; Ctarlce L97O¡ and Denmead et aL. 1974).

2.I.3 Biological denitrification

Denitrification of soil N consists of the bioloqical red.uction of

soil nitrate and nitrite to volatile gases by anaerobic bacteria. With

soil water near field capacity and in micro-sites of low oxygen partial

pressr:rê, nitrate is used by denitrifying organisms in place of oxygen

as a hydrogen acceptor. Anaerobic organisms use soil organj-c matter as

sou.rce of energy for the reduction of nit::ate. The main pathway of

denitrification involves the following sequence of reductions (Broadbent

and Clark 1965): NO, t *O2 * NO2 * N2. Ho\dever' Stanford, Le99,

Dzienia and Simpson (1975) reported the reduction of No3 to *n*.

Nitrous oxide (N20) may also be produced from hydroxylamine (NH20H) or
+

from NHn' by oxidation by Nitrosomonas eut¿opa.ea. (Yoshida and Alexa¡rder 1970) .

Ritchie and Nicholas (1972) suggestecl the presence of an active nitrite

reductase system in Nitrosomonas europaea.

The effects of soil vegetation and soil conditions on denitrifi-

cation were investigated by Burford and Greenland (1970) who found that

under an annuaL pastuïe of wimmera ryegrass (LoLiwn rigidwn) and sub-

terranear¡ clover, Iosses of N as NrO were greater in mid-winter at periods

of highest soil vrater content ar¡d Iowest soil temperature (5 to tSoC).
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These conditions corresponded with an early stage of plant development-

Stefanson (L972) measured gaseous losses of N from 4 different soils

using sealed growth chambers held at 2OoC temperature. He observed that

t-he amounts of NrO and nitrogen gas (N2) evolved increased as a func'tion

of soil $¡ater content and of plant growth as well as the form of N

fertilizer applied to the soil plant system, the oxygen tension, and soil

texture. The rate of N loss was 1-15 mS N,/kg of soil per week when

nitrate N was applied as fertilizer, and 1-4 mg when ammonium N was applied.

Greenland (1971) pointed out that denitrification can be an important

souïce of N loss especially from soil newly opened from pasture.

Bartholomew (1964a) and Allison (1966) inclicated that 5 to 15% of the

available N can be lost during a single growing season.

Apart from these losses due to bio,l-ogicat denitrification, gaseous

loss of N c¿ul stem from either direct oxidation of ammonium N or gÞg*r."1_

:reduction of nitrites. Ammonium oxidation in extracts of Nitz'osomonas

euyopaea. in solution culture was observed by Yoshida and Alexander (l-970)

and by Ritchie a¡rd Nicholas (1972). The first named authors suggesterl

that the same kind of oxid.ation can also take place in soil. The non-

biotogical reduction of nitrite was reported by Bu1la, Gilmour and Bol-Ien

(f970), who were a-ble to detect by gas chromatography the evolution of

N2, N2O and. NO following the chemical decomposition of nitrites present

in sterilized soils incubated at 25oC.

2.L.4 Water and wind erosion

Water and wind erosion are other contributors to soil N depletion.

The magnitude of these losses depends on tJre intensi-ty and frequency of

adverse climatic factors as well as on soil properties, mainly soil topo-

graphy, infiltration rate and aggregate stability. The practice of

faltowing in arable areas can enhance soil erosion and N loss from the

surface of light textured soil.
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2.I.5 Cropping

History has shown that soil N deficj.ency is accentuated by con-

tinuous cropping without restitution of nutrients. Donald. (1965) observed

that on-an Australia-wide basis, heavy cropping led to soil N exhaustion

accompanied by a serious decline in wheat yields, for example, from 0.9

-ì -'lt ha - in 1870 to 0.5 t ha'in 1890. Greenland (1971) observed in a

pdrmanent ìot.tion trial at the Waite Agricultural Research ïnstitute a

-1decline of soil N content of the order of 2.2 t ha - N under continuous

.ron" of wheat for the 38-year period between 1925 and 1963. Jenkinson

-'t(l-976) reported that there was a steady loss of 36 kg N ha - from un-

manured plots at Rothamsted Experimental Station, under the continuous

wheat experiment over the period 1852-l-967, but that N losses were greater

-1 -l(41 kg ha-'year-'¡ from plots which had ¡:ecej-ved P, K and Mg. In Tunisia,

under "ti*.ti" condítions similar to those prevailing at the V{aite Institute

Essafi (1964) compared different crop roÈat-ions for a period of 25 years

(l-936-1960) and found that under continuous crops of wheat and' w-ithout

any restitution, soil total N decreased from 0.106 to 0.089% while soil

organic carbon decreasecl from 1.02 to 0.86% in the 0-20 cm depth of soil.

Such studies provide good experimental evidence that continuous cultiva-

tion of soil over a long period of time results in a gradual loss of

soj-I N a.rd ends in an undesirabfe decline in cereal production.

The advent in the 186ors of the dry farming system based on the

alterna-tion of crops and bare fallow periods was effective in providing

more available N to the crop. Improved yields resulted. Obviously,

under this farming system the increases in yield were not only due to

higher mineralization of soil N but also to better carry over of soil

water and to the reduction of weeds. In South Australia, French (1963)
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found that soil mineral N increaseil by 26 kg ha-l during a fallow year.

However, French (1966) reported that about 59e" of wheat yield response

to fallow could be ascribed to variation in additional soil water at

sowing. According to the literature, long periods of soil cultivation

and fallowing have led to depletion of soil total N associated with a

degradation of soil structure, soil erosion a¡rd loss of organic matter.

Clark and Marshall (L947) reported that after 16 and 20 years of fallow-

wheat rotat-ions total N in the surface 10 cm of red-brown earths de-

creased from 0.158 to O.O94e" and from 0.222 to O.I35% respectively.

Cornish (1949) stated that, ¿otirrg the period from 1896 to i-lg4i.,, wheat

yield, in South Australia declined as a result of intensive cropping

systems based on continuous wheat or fallow-wheat or fallow-wheat-oats.

Cornish, attributed the decline in soil fertility and the loss of soil

structur:e to these cropping systems.

In many other cereal growing regions where bare fallow was used

as a means of increasing that fraction of soil total N which is available

to crops¡ studies reported losses as high as 0.8% of the total N per year

(Martin and Cox 1956). In north-western New South l¡tal-es, Hallsworth,

Gibbons and Lemerle (1954) mentioned losses of N reaching 2Z per year

,from wheat soi.ls. Vüilliams and Lipsett (1961) pointed out that contin-

uous cultivation of soil led to a breakdown of organic matter with loss

of 20 to 50% of carbon, nitrogen and sulphur and loss of. l7>" of organic

phosphorus after 40 to 50 years. So although fallowing increases the

rate of N mineralization and releases more avaílable N for crop use, its

long term effect undoubtedly consists of exhaustíon of the soil N reserve.
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2.2 ACCUMULATION OF SOIL NITROGEN

2.2.L Rainfall

Nitrogen in the atmosphere is carried down in rain largely as

No3-N and NH*-N. Hauck (1971-) quoted varues going from 0.8 kg h.-l N

-'lto 57 kg ha-t N per year. The highest values \^rere recorded in temperate

regions and in hunid tropics. Steyn and, Delwiche (1970) reported that

for a seasonal total precipitation of 617 nun, rainwater contained about

-lI kg ha-r N per year. fn Australia (Queensland), Probert (1976) re-

ported values of 1. 2 to 2.7 kg ha-l of M{4-N per year. Jenkinson (1976)

reported that the mean annual amount of mineral N carried dov¿n in rain

lvas at Rotharnsted over the period IB89-1903, 4.4 kg ha-I and that Èhere

was a trend towards larger values. Considering the variability and

distribution of seasonal rainfall in the semi-arid areas' the contribution

from rain to soil N balance appears to be of little importance in agri-

cultural systems compared with that of other sources of N input. In

South Australia, at the l{aite Agricultural Research Institute, the total

amount of N (Tot.al N + nitrate N) added in rain \Âiater varied from 1.6 kg

-t -'t
N ha-r in a dry year (1967) Lo 2.5 k9 N ha - in a wet year (1968)

(Barley 1976, unpublished data).

2.2.2 Nitrogen fertilizers

To mitigate soil N depletion, agriculturalisÈs have recourse to

the use of N fertilizers. The use of N fertilizers combined sometimes

with superphosphate may arrest the decline in soil total N. At

Rothamsted Experimental Station total N of the 0-23 cm depth interval

of plots under continuous wheat and receiving N fertilizer dj-d not change

significantly during the period 1865-1966 (Jenkinson 1976). Further,

in ma¡1y Mediterranean cereal growing regions the use of N fertilizer may
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accentuate the variability in cereal yields caused by large fluctuations

in amount and distribution of rainfall within and between seasons. In

South Australia, Russell (L967) suggested that N fertilizers are tikely

to be profitable where:

- the soil is sandy or has a poor history of legume

pasture sowing;

- the seasonal (winter) rainfall exceeds 250 run;

- the spring (September, october) rainfalt exceeds 65 mm;

weather cond.itions are mild during the heading stage.

As can be seen, these conditions, apart from the first, are unknown before

the fertil-i-zer is applied, and unpredictalrle, except in statistical terms.

Consequently the skill and practical knowledge of a farmer have to be

taken. into consicleration when such fertil-izer is to be used. Use of N

fertilizers has remained to this day a hazardous and expensive proposit-i.on

in the low rainfall areas of the cereal belt.

An alternative to the use of N fertilizers is the use of "legume"

N by the intr:od.uction of legume-based pastures into the rotation. In

the semi-arid. regions annual medics (Me&Lcago spp., to be referred to

as medics) can be a valuable source of soil N and organic matter. The

advantages of medics in cereal rotations are multiple: (i) buil<l-up of

soíl total N a¡rd consequent i.ncreases in cereal yieJ-ds and grain protein;

(ii) Iower and steady availability of legrune N which is claimed to adjust

the supply to the season somewhat, a;oiding excessively leafy cropst

(iii) good }egune growth may irprove soil structure and soil water holding

capacity through the accurnulation of soil organic matteri (iv) reduction

in cereal prod.uction costs, due to less intensive cultivation and lower

fertilizer costs; (v) reduction in losses due to cereal root pathogens

especially nematod.es and take-all; (vi) higher returns from increased

stocking capacities (wood productíon, lirzestock, etc.) ;
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(vii) annual legume seed production can provide average gross margins

compara-ble to wheat (eicknell 1973)

2.2.3 Asymbiotic nitrogen fixation

The role of free-living organisms such as bacteria and blue-green

algae j.n N^-fixation in the soil was not until recently well investigated.
z

According to Stewart (1966) asymbiotic Nr-fixation is higher in Indian

paddy fields than in arid Australian soils. The mean value reported

was respectively 34 and 3 kg ha-I N per year. In California, Steyn

and Delwiche (1970) found that over a peri.orl of one year aslzmbiot-ic

fixation of N was higher in winter and varied from 2 k9 ha-1 N per year

in arid uncultivated land to 5 kg h^-I N per year in irrigated perennial

lawn grass. Under a natural Agtopyron-Koeleria grassland Paul, Meyers

and. Rice (l-971-) observecl that- asymbiotic l{r-fixation was highest in

medium textured soils of vj-rgin grassland and amounted to 1 fg na-I N

per year. Engluncl (1975) found no bfue-green algae activity in the arid

regions of Tunisia, where in cultivated regions. the maximum N fixing

rate was higher under olive trees than in wheat fields. Witty, Day and

Dart (1976), using the acetylene reduction assay estiinated that under

continuous wheat the contribution from blue-green algae to soj-l N varied

from l-9 Lo 23 tcg tl ha-l per year, and that algal. fixation over the

season was associated with soil- moisture.

These studies and others (Jensen 1965, Allison 1965) produced

evidence that the contributions from free-living organisms (Azotobaeter,

CLostv,tdíúnrblue-green algae, etc.) to soil N status is generalJ-y sma.ll

and is rel-atively greater under wet condílions. In practice, the amounts

of N fixed aslrmbiotically are not of agricultural importance in the cereal

zones of the semi-arid areas of the Mediterranean climatic regions mainly
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because of low surface soil moisture through much of the season and

especially during hot weather conditions in srrtnmer'

2.2.4 The introduction of imProve d annual legume Pastures into the
rotation and their e ffects on soil nitroqen

In ancient times, agriculturis'bs had already an empirical knowledge

of the beneficial effects of legumes as green-manure (part 1973) ' The

adoption of tey farming based on legume pasture-cereal crop rotation

has replaced the extensive cropping on fallow in rnost cereal-growing

regions of Australia since the 1930's and early 1940's (Donald 1965¡

MaLz 1973 and Webber 1973). Subterranean clover and/or medics are the

most commonl.y used annual legume pastures in cereal rotations in the

Iulediterranean or winter-rainfall environment.

(i) The lift in soil ferti litv through improved subterranean
clover pastures in hi qh rainfall areas of the southern
cereal belt

Many studies made in New South lrtales, Victoria and South Australia

have shown that increases in soit total N accourrted for by subt-erranean

clover vary from 40 to 350 kg h.-1 U per year accord-ing to growth con-

ditions, availability of nutrients and maflagement factors. In New South

üfales, under 817 mm average ra-infall (Crookwel-l district), Donald and

Williams (1954) found that soil totaf N rose by 40 tcg tra-l N for each

-1I2O kg ha-t of superphosphate applied on subterrallean clover leys.

Donald and Williams pointed out that soil total N levet appeared' to in-

crease linearly with the length of ¡>asture Iey. At Rutherglen ín

Víctoria, Mullalyrl"lcPherson¡Mann ancl Rooney (1967) observed the same

trend of increasing soil total N under subterranean clover (cv' Mt'Barker)

leys over a period of B years. Similar relationships between soil total

N and- years under pasture \¡¡ere reported by Russell (1960) and Vlatson

(1963). McLachlan (1968) found that soil total N under a 15 year old
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subÈerranean clover pasture was higher (0.164%) where stocking rate

v¡as high than where the stocking rate \¡Ias loht (0.101%). However'

Simpson and Bromfield (1974) found higher soil total N build-up with

light. gxazLng pressure (from 4.4 Lo 6.8 sheep ttt-l) than with high

(from 13.2 to 20.4 sheep ttu,-t), although mitreral N hras greater under

heavy grazj-ng pressure than under light gtazLng pressure. However'

t'high" and t'Iow" stocking rates are relative terms depending on the

amount of feed available in the pasture. Vüatson (1969) mentioned that

about 75% of the ingested N could be excreted in sheep urine.

such studies show that, when propet:Iy established and managed,

subterranean clover can ptay an important role in raising soil fertility

and in improving agricultural productivity in regions of comparatívely

high seasonal. rainfalls (5OO rnm or.more) and on acid soils (pH 5-0 - 6-lì).

persistence and, growth of sr:bterranean clover are inadequate in regions

of lower annual rainfatl (Iess than 4OO mm) and on neutral to alkaline

soils, probably owing to the low survival of Rhizobiun trLfoLii in

alkaline soil, the failure of subterrariea¡ clover to set sufficient seed

for adequate regeneration (Rossiter 1966), the poor ability of subterranean

clover to utilize phosphorus in soils of high l-ime status (Trumble ancl

Donatd 1938), and the low availability of zinc and manganese in alkaline

soils (Higgs 1958) .

In the cereal growing zones receiving between 250 and 400 rrun rain

per year wheaÈ production is not only affected by soil conditions but also

by very irregular winter and spring rainfalls. So, as far as soil

fertility and soil structure are concerned. the need in these reqions

for a soil stal¡iliser appears to be of prime inportance.
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(ií) Utilization of improved medic pastures in the
se¡ni-arid areas

Both sttbterranean clover and medics are important pasture legumes

in southern Australia. While subterranean clover is dor¡r-inanÈ on acid

soils in the higher rainfall regions (more than 500 nun rainfall per

season) medics are better adapted, to alkaline soils of relatively heavier

texture in areas of Iow seasonal rainfall (between 2O0 and 450 mm). The

iryact of subterranean clover pastures on soil fertility and cereal-

Livestock production has been studied by many auÈhors sÍnce 1938

(Tnrmble and Donald). The principal idea revealed in these studies is

that with judicious farm management the use of topdressed sr¡bÈerranean

clover pastures in rotation with cereals could bring about renarkable

i-uprovement in both cereal production and livestock numbers. However, t

although medics possess the same ability to increase soil fertility, their

adoption in cropping systems by cereal growing farmers has been rather

slower, and scientists too have been slow in quantifying ttre contribution

of medics to soil N.

Quinlivan (1965) reported that only 3t of tJ:e total area of improved.

pastures in lVestern Australia was based on me¿lics. On Yorke Peninsula,

South AustralÍa, Counties Daly and Fergrusson represent a large part of

the meèic country, but the increase during the perj-od 1959-60 to 1968-69

in area sown with improved rnedic pastures (topdressed with superphosphate)

was from 241650 ha to 261850 ha in County Daly, and from 34rL6O ha to

361326 ha in County Fergusson (lfebber and Matz 1970). In County Gawler

in the Lower North of South Australia, topdressed pastures (mainly medic

pastures) increased very slightly from 9,356 ha to LO,77O ha during the

períod 1952-53 Eo I96L-62. In t}re district of ![a1lala (Cor:nty Gawler),

production statistics showed no increase in improved pastures between
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1956-60 and 1961-65. In fact, the 6050 ha (1957-60) a¡rd 5746 ha

(1961-65) of improved pastures in the dístrict of Mallala (where a

soil fertility survey was carried out in 1974, see Section 3.0 of the

Present study) represent 74 of the average area used for agricultural

and pastoral puryoses. Thus, the areas of improved medic pastures in

South Australia still remain low in proportion to the potential medic

land in this state. This slow adoption of impr.oved medic pastures

could be partly attributed in the past to the lack of successful

varieties for all the different soil tlpes and rainfall zones. However,

in the pasÈ few years an increasing interest in medics has been shown by

cereal farmers not only in southern Australia but also in the Mediterrane¿ìn

regions of North Africa (Tunisia, Algeria, Li-bya) and the Middle East

following the availability of new cultivars such as Harbinger 0ûedicago

Líttonalis), paragosa (Medí.eago ragosq), cyprus (Me&icago trurrcatuLa)

and ilemalong or Barrel 1-73 (Medieago tnrtcahtLd. These cultivars have

different requirements as far as climatic conditions, soil types and

plant nutrient availability are concerned. Thus, a principal hurdle

Èo the expansion of improved medic pastures appe¿ìrs to have been overcome.

It now seems appropriate to look at the factors affecting the performance

of these medics.

Factors affecting the growth of medics

Three major groups of factors have direct effects on medic arowth:

Cli¡natic factors: rainfall, temperature, light.

Soil factors: physical, chemical and biological.

Farm management practices: rotation, fertilizer application,

grazíng pressure, weed control (herbicide, cultivation, grazing

pressure), and pest control.

(iii)
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(a) Climatic factors The distribuÈion of both subterranean

clover and medics is related to the length of the growíng season.

But since the length of Erowing season is highly associated with
mean annual rainfarl it is obvious that for medics as for sub-

terranean clover early matr-rring strains wilr appear and d.evelop

in Èhe ror,r rainfarl areas whereas laÈe maturing varieties wilr
doninate in relatively higher rainfall zones.

Rainfall To an extent greater than subterranean clover,

medics appear to be susceptible to waterrogging. This may in
part e:çrain the absence of meclics in high rainfarl zones (5oo ¡nn

or more) where more frequent waÈerrogging is likery to occur.

l'úcreover, $rithin the med,ics Medieago LíttoraLís and Medicago

trmeatula are reported to be ¡mre susceptibre to waterlogging

conditions than Medíeago polymotpha anð, MecLLeago íntenteæta

(Robson 1969). This low tolerance of medics to waterlogging has

been attributed to fungar attack or to manganese toxicity or low

oxygen supply. Another factor in water suppry is the reliability
of the rains. weathering of uredic pod.s over summer and autumn

leads to a break of seed dormancy and. enabLes medic seeds to absorb

water after earry autumn rains. Holvever, raínfa1l is not always

reliable throughout the growing season and drought can occur at

any stage of plant developnent. The occurrence of a drought

period after early autumn rains reads to heavy losses of medic

seedlings and thereafter poor stands of medics during the season

because of the depletion of readiry ge:ørinable seed. Nevertheress,

some medic va¡ieties such as Medieago minrinø, and Medíeago tvuneatula

(cv. Jemalong) are reported in the literature to be more tolerant

of temporary drought (crawford 1962, Robson 1969). Mathison (1973)
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mentioned that there are differences in speed of germination and

rate of radicle extrusion anþng medic species.

From the agricultural point of view fast germination could

be either a dísadvantage or an àdvantage. It would be a dis-

advantage if an early false break of season occurred because

seedling mortality is more likely to be high, or an ad.vantage when

the opening rains are late because then fast germination will

pentit medic plants to overcome competition from annual grasses.

Similarly in the low seasonal rainfall areas (<300 mm annual rain-

falt) where self-regeneration of medics in the pasture phase of

the ley-farming system depends upon soil seed. reserves, the

earlier the gernrination of med.ics the better the growth and the

higher the proportion of medic seed entering the soil each

pasture phase.

Temperature Owing to their Mediterranean orígip, medics

grow mainly in winter and early spring when the temperature is

cool to mild. Amor (1966) reported that Harbinger and Jemalong

cultivars produced more winter herbage in the Victoria mallee,

than common barrel medic and Clprus. Co¡runon barrel medic came

from a strain found at Noarlunga in South Australia, vrhereas

Barrel medic I73 or Jemalong was selected in the Forbes district

of New South Vtales. Thus, it is not surprising that Jemalong

produced more winter herbage than conmon barrel medic in the

VÍctorian mallee where winter temperature is less suitable for

the growth of common barrel med.ic than for that of Jemalong.

I0einig (1965) observed a low emergence of barrel medic seedlings

under conditions of low soil temperature. Although medics re-

qrrire a cold period for flower initiation, temperatures below 10oC
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slow down the raÈe of pasÈure growth as is the case in zones of

high altitude in Norttr Africa. Millikan (1961) found that winter

conditions with mean monthly maximum temperatures varying from 9

to 19oC favoured shooÈ grovrth of Jemalong aÈ the expense of root

growÈh, but he observed that the meaIl daity increase in dry

neight of Jemalong (tops * roots) \ilas less in winter than in

Summer when the mean monthly maxímum temperature varied from 19

to 33oc.

The grorrth of self-regenerating legume species' such as medics,

is influenced by high temperatgres because of the effect of high

temperature on seed coat permeabitity. Quinlivan (1971) reported

that seed.coat impermeability or hardseededness limited the use of

medics as pastures in areas of high rainfall and long growing

Seasons with short and cool dry sunìmer periods in southern Australia'

on the contrary, beÈter regeneration and break down of hardseedness

was observed in areas of long and warm dry sununer period. It

appears that the diurnal temperature fluctuations between day and

night have an effect on thdÈntegunèntdof the seeds which, following

COntinuous expanSions and contractions, begome loose and more

permeable. Therefore, high temperatures are important for the

self-regeneration and subsequent growth of medics'

Líght f,ight limitation in sr¡bterranean clover arises from

either interplant competition at high density per unit area or ín

mixed swards owing to shading of sr:bterranean clover by the taller

grovríng grasses (oonald 1963). The ínterception of tight by

taller growing grass species (..S. ryegrass) at the expense of

shorter annual legumes leads to a poor growth of the legume species'

This diminution of growth occurs also after more or less severe
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defoliation of legurne-based. pastures. fn New Zealand, Harris

and Thomas (1973) pointed out that less frequent cutting at 8 cm

of a white clover (Tz'ifoLì,un repens) and ryegrass sward enhanced.

the disappearance of white clover from the sward. sinclair (1973)

observed that cutting sr,rbÈerranean clover prants 1 cm above the

soil surface produced a d,epression of bacteriar N fixing activity

for several days. It appears, therefore, that recent photo-

synthate is a prerequisite for nodulation and symbiotic Nr-fixation.

No data on light and shading effects are available for medics.

(b) SoiI factors

Physical properties Ecol-ogical studies have shown that

nedics prefer soils of medium to heavy texture with a high content

of lime (Tn:mble 1939; Rossiter 1966, and Lazer¡by & Swain 1969).

Nevertheless, cultivars differ in their adaptabiliÈy to various

soil types. soil physicar characteristics which aggravate either

waterlogrging or drying out affect rredic growth and persistence.

In the field, medics persist poorly on very light sandy soils

which are drought-prone, lime-free, structureless and subject to

drift during the summer. on sorodized soronetz soils with a roarny

sand or sandy loam topsoil, the tendency of the surface soil to

set hard on drying usually affects the emergence of annual legume

seedlings. On this tlpe of soil, losses of seedlings are often

associated with either lack of water in the surface soil and the

resulting mechanical impedance of the soil on seedlinçt emergence,

or waterlogging following sporadic heavy rains due to the shallow-

ness of the surface soil overlaying a heavy clay subsoil.
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Chemical properties According to the natural distribution

of medics.in Australia and around the world, and from a few

experimental studies of the behaviour of the medics under different

environmental conditions, it is clear Èhat medics are essentially

adapted to neutrat and alkaline soils (Amor 1965; Robson 1969).

The principat lirniting factor to the growth of medics on acid

soils is believed to be the inability of Rhizobiwn meLiLoti to

survive in these soils. This susceptibility of the bacteria to
soil acidity is probably due to effects of hydrogen ions
pey se, to aluminium ard manganese toxicity
or to calcium and molybdenum deficiency (Robson f969). The

¡nssibility that calcium is needed for both nodulation and

RhizobiWn multiplication was clearly shown in the study made by

Robson and Loneragan (1970) concerning the effect of calcium carbo-

naÈe on the growth of barrel medic on acid' soil of pH 4.6- The

failure of medics to persist to maturity on red-brown earths

with a pH of 5.7 was linl<ed with molybdenum deficiency (Cameron

and Newman 1958). Kleining (1965) attributed the poor growth of

barrel medic seedlings on acid soil to fungal attáck. However,

MeùLcago nrtwLna and Medícago Laeiníata were reported to be more

tolerant to soil acidity (pH<6.5) tJnan Me&ieago polAmo?pha,

(Rossiter 1966).

Nitrogen availability in soil is unlikely to limit the growth

of well nodulated medics. Ilowever, it is often found, in practice,

that a light application of N fertilizet at seeding helps the growth

of the seedlings before nodulation starts. The effect of combined

N on nodulation and Nr-fixation of legumes will be reported and

discussed in Section 2.4.
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Phosphorus is a major factor limiting plant growth in

Australia d.ue to the poverty in phosphorus of most Australian

soils. Accordingly phosphorus availability has been reported

to affect medic arowEh direcÈly. French and Rudd (1967) reported

that the more superphosphate applied the higher the yield of medic

Pastures and that medic yíeld.s lvere greater where superphosphate

was applied to both crop and. pasture rather than wholly to the

crop. Rudd (1972) pointed out that the level of soil availa.ble

-l O'5M l{aHcO' extractable)
P (kg ha - in the O-10 cn depth intervat\ that is r'equired to

produce 90% of the maximum med.ic yield varied lrom 32 to 38 for

sandy soils, 41 for loamy mallee soils and. 47 for dark-brown

cracking clay soils. Rossiter and Kirton (1956), in a comparative

study of the effects of different sources of phosphate on the

growth of several legumes grov\,n in pots observed that 44 days

after sovring, barrel medic yielded as much as subterranean clover

when supplied at rates of P varying from 5 to 150 kg ha'l, but at

the high rate, phosphorus depressed top growth of barrel medic in

the late winter trial (mean daily temperature of 16oC under glass).

At this high rat.e of P, there was a decrease in nodule numbers

assocíated with a d.ecline in soil plt from 6.9 to 6.1. Millikan (1961)

reported that phosphorus deficiency reduced. the total growth of

barrel medic but tJ:aÈ there !ìras no sígnificant season x phosphate

Ievet interactions. Asher and Eoneragan (L966, L967) found that

dry natter production of many species growing in flowing solution

cultures, did not increase in proportion to the increase in

phosphorus concentration of the solution; however the relative

growth rate of barrel medic ar¡d of subterranea¡r clover increased

as phosphorus concentrations increased from 0.04 to I UM, but at

higher phosphorus levels neither legume showed any response.
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Most of these studies deal with the effect of phosphorus on

the growth of barrel medic in comparison to that of sr¡bÈerranean

clover. It is desirable to extend these comparative studies on

the effect of phosphorus to other medic cultivars in order to clarify
our understanding of the effect of phosphorus on the growth of

medic species in different environments (soil t1pe, pH, calcium

content, rainfall etc.)

Calcium deficiency occurs mainly in acid soíls which have not

received phosphorus fertilizer regularLy, for superphosphate

contains calcium phosphate and gypsum. But as medics commonly

. çIrow well on neutral to alkaline soils, calcium deficiency in

me¡qics is.rarely encountered, except perhaps in red-brown earths

with a poor superphosphate history. Loneragan, Snowball and,

Simmons (1968) reported thaÈ fresh weight of barrel medic was

nore affected by low concentrations of calcium in solution culture

than that of grasses or cereals. They observed, a 50? increase in

the growth of barrel medic when calcium concentration in solution

was increased. from 100 UM to 1000 UM. Like phosphorus, calcium

carbonate reduced barrel med.ic growth at low soil phosphate levels

whereas at high phosphate levels calcÍum carbonate enhanced. growÈh.

Olsen (1953) reported that phosphate solubility in calcareous soils

is at a minimum in the range of pH of 7.0 to 7.5. This inter-

action between calcium, phosphate and soil pH is an example of

the complexity of plant nutrition showing the interdependent

effects of various factors on plant growth-

The effect of sulphur on medic arowth has not yet been widely

studied. This may well be due to the fact ÈhaÈ soils in the

semi-arid areas of the cereal belt are unlikely to be naturally
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deficient in sulphr:r. Robson (1969f stated tÀat Medicago nrinima

is less susceptible to sulphur deficiency than Me&Leago poLymotpha

or Me&Leago o?bículayLs. This could be due partly to a greater

penetration of Me&Lcago wLnima roots ínto the subsoil where they

ca¡r reach some of the sutphur which has been leached in sandy soils'

French, Clarke, Rudd, Seeliger and Lewis (1975) mentioned that

pasture responses to sulphur are most like1y in sandy soils when

total autlunn and winter rainfall exceeds 200 mm.

Molybdenum deficiency is more common on acid than on alkaline

soils. In South Australia the amounts of molybdenum in the 0-15 cm

depth interval were for:nd to vary from less than 0.1 PPm in deep

sands to 2 ppm in red-brown earths (Russell 1960). Here too the

interdependence of mineral nuÈrient effects is very complex.

Indeed, Anderson and Spencer (1950a) found that the response of

subterranean clover plants to urolybdenum vtas much greater where

soil sulphur status lvas }ow a¡rd where no fertilizer N was added

to the soil. Molybdenum is now believed to be involved in the

reduction of nitrogen (N2) to ammonia by the enzyme nitrogenase

(Dilworth 1974). This agrees with the statement of Bouma (1969)

ttrat molybdenum is required by plants self-sufficient in N at

higher rates tha¡r those required by grasses' According to

Rossiter (1966), molybdenr:ur requirements for tSr-fixation may be

higher in medics than in subterranean clovers'

Other trace elements were found to be essential for the growth

ar¡d nodulätion of leguminous plant species and for the efficiency

of symbiotic Nr,fixation. cartwright and Hallsworth (1970) re-

ported a depressing effect of low copper supply on Èhe yielcl of

dry matter of su.bterranean clover nodule bacteroids and they
*quoting Hilder and. spencerz J.Aust.fnst.Agrie.SeL. 20zI7 (1954) '
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observed a slower clevelopment of nodules of subterranean clover

(cv. Mt.Barker) as copper stress increased. With regard to

cobalt, Powrie (1960) found in a field experiment in South

Australia that 560 g h.-1 of cobaltous sulphate (CoSon -7H2O)

applied to a grey s-il-iceous sand improved. the yield of subterranean

clover (cv" Mt.Barker) by increasing the size of the nodules and

tl-reir survival . In the same experimental area, Powrie (1964)

observed that lucerne plants which had received 280 g ha-l of

cobaltous sulphate fixed higher amounts'of N per unit fresh weight

of nodular tissue than those which had not received cobal.t ferti-

Lizer. According to the data of McKenzie (1957) cobalt appears

to be present in sufficient amount in the red-brown earths of

South Austral-ia.

Biological proper:ties include Rhízobíum straLn and population,

rhizobial activityrinsects parasitic on root nodules, and fungi.

Nodule formation on the roots of leguminous species depends on the

extent of root hair infection by soil bacteria. The rhizosphere

population of effectj.ve strains of Rhízobium for the nodulation of

medics deter:mines the extent of medic growth and esta-l¡Iishment on

different soil types. Dart and Pate (1959), using a glasshouse

experiment, compared the nod.ulation and growth of barrel medic

grown in sand and inoculated with either effective or ineffective

strain of Rhizobiun. These authors found that nodulat:'-on, shoot

dry matter yield., leaf development and top:root weight ratio

were much higher in plants inoculated with the effective strain.

Tlrey mentioned that nodules formed by the effective Rhizobíun

strain remained red and in active growth throughout the growing

period whereas those formed by ineffective strain had a red pig-

mentation life of only 5 days. Rhizobiun meLiLoti which nodulates
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medic species is not active in acid soil and may not survive

(Robson and Loneragal 1970). Low and high soil temperatures

inhibit the infection of the root by the bacteria and prevent

nodule formation. Ilowever, medics are not aII able to utilize

the same strain of Rhízobium f.or nodulation. Me&icago rugosq

(cv. Paragosa) which prefers high rainfall areas and black earths

Ís nodulated by a specific strain of Rhízobiun different from that

required by barrel medic.

(c) Farming management factors

Rotation is one aspect of farming management whj-ch can affect

the estabtishment, growth and persistence of medic pastures. The

use of medics in rotation in the semi-arid areas of the cereal

belÈ of South Australia is considered to be a successful operation

in spite of the viaissitudes of cli.mate. Hov¡ever' it has been

observed in practice that a period of more than 2 successive

years of cropping or cultivation is followed by poor regeneration

of medj-cs due to seed reserve depletion (Matz' l-973) . On the other

hand, long term pastures (more than 3 years) increase the percent-

age of sreeds (Vüinn 1965). Short crop rotation systems tend to

be more stable and-consequently are essential for good regeneration

and maximum pasture production.

Fertilizer applicaÈion Usually in the semí-arid areas' to

ensure good growth of medics phosphorus dressings are recommended

either as small annual applications or as large dressings now a¡d

then. The amounts to be applied depend on whether the super-

phosphate prograflune is in an establishment phase or in a maintenance

phase and on the severity of the deficiency to be corrected.
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However, as soil N and phosphorus increase, invading grasses,

mainly annuals, tend to dominate the pasture (Donald and Tfilliams

L954¡ !{atson 1963, 1969¡ Rossiter 1966 and Kohn 1975). Annual

legumes and associated grasses will compete for Iight, nutrients,

and, available water.

Grazing pressure The frequency and intensity of grazi.ng

also determine the proportion of grass in the pasture. Under-

stockíng usually leads to grass do¡ninant pastures with a decline

in annual legumes due to shading and competition from the grasses

whereas a moderately high stocking rate eliminates taller plants

and favours more prostraÈe plants such as subterranean clover or

redics (Rossiter 1966). To date, there is a lack of published

studies coircerning the extent of weed control in medic pastures

by varying stocking rate and rotational grazíng.

l{eed control The use of selective herbicides is indicated

when other methods fail to control weeds as in the case of weeds

like soursob (1æaLís pes-caprae), barley grass (Hordeun LeporLnun)

and ryegrass (LoLiun rLgiduil. However, herbicides are not often

used for pasture treaÈment during the winter growth of medics or

s¡¡bterranean clover owing in part to dininished efficiency follow-

ing raínfaII and leaching of ttre active i-ngredients.

Tillage practice for crop seedbed preparations after autumn

rains usually help the control of weeds, especially early germina-

ting broadleafed weeds like crucifers and milk thistte (CeLíbwn

marianun). By eliminating these early gernùnating species,

shading of cereal seedlings can be suppressed. In Tunisia, it

was four¡d that a single plant of milk thistle can shade out 1 m2
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of r4'heat seedlings (CIM¡ÍYT Report 1974). The same shading of

Iegume pasture seedlings can occur at the early stage of pasture

growth if these kin&of weeds \^/ere not eliminated the year before

by good seedbed preparation for cereal crops.

The methods of weed control mentioned above are complementary

and consequently they can be used respectively during the pasture

phase and crop phase to control the proliferation of weeds which

are able to survive either herbicide treatments, gtazíng pressure

or soil cultivation.

Pest control is as important as weed control. In South

Australia, the most common insect which occasions defoliation ancl

poor grov¡th of medics is Sitona weevil (Sí't;ona h.umeraLis) (¡¡oulden

1973). Vühile the adults attack the leaves of medics' the larvae

attack the root nodules and cause severe reductions in nodul-e

nurnbers. Moulden (1973) observed in irrigation bench cul-tures

higher survival of Sitona weevil larvae in l-oarn than in sand.

ÌtaEz (\g73) estimated that a 50? reduction in winter feed production

of medics could be caused by the attack of insects, namely Sitona

weevil, red-legged earthmite (HaLotydeus destrtuctov') and, lucerne

flea (SwLnthtæus uírL&Ls). Recently, spotted alfalfa aphid and

blue-green aphid are threatening medic pastures. The use of

insecticides provides a good control of many of these insects.

Alternatives not yet fu1ly investigated include developing pasture

plants resistant to some of the above nerÈioned pests and the use

of biological control methods.

By way of summary of the effects of the different factors on

the growth of medics, I have developed Diagram 2.1 which certainly

could be improved with the advance of research.
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2.3 ASSES}4ENT CE SOIL FERTTLITT BY SOIL SURVEY

2.3.L Methods

SoiI tests have been developed for the identification of nutrient

deficiencies in soils and have been widely used for fertiLízer te-

commendations. Nutrient concentration in soil is measured by different

method.s. Most chernical methods consist of the use of extracting solu-

tions which provide an estimate of the availability of a nutrient in the

soil and deterrnine the potenÈial of the soil to supPly the measured

nutrient. Biological meÈhods are at times more effective in assessing

soil nutrient levels because they involve the use of higher plants as a

component of the whole soil-ptant system. However, the assessment of

nutrient levels i¡r a soil is often made by extractants which are less

ti¡re-consrmring than biological methods (Vfilliams 1967). The value of a

method for the measurement of soil nutrient status is usually determined

through the goodness of the correlation between nutrient level and plant

yie1d. Thereby, it has been found that measuring the total amount of a

nutrienÈ element is often of little use for the prediction of crop need,

whereas determination of some "available" form of the nutrient gives

better correlation. NeverÈheless, the availability of an element such

as N is ephemeral for it is dependent upon soil rnicrobiological activity

and environmental conditions. This is fi:rther complicated by the fact

that soils are heterogeneous in space and nutrients can move vertically

and or laterally depending on topography and rain intensity. In soil

testing it is unanimously admitted that the intensity of soil sampling

and the depth of sampling constitute the operational factors which

govern the accuracy of the estimation obtained. Therefore, it appears

that there are 3 principal factors which need to be taken into considera-

tion in any soil testing for nutrients status:
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- Soil physical properties and topography

- The chemical fraction of the nutrient and, accordingly'

the depth of sampling

- The season at which soil sarnpling is to be accomp-lished.

2.3.2 Soil samplinq in relation to

Soit topography and texture. The selection of sampling sites

within one area presents the first difficul-ty in soil survey for the

micro-topography of the area could account for much of the variability

between individual samples. Small elevations or depressions of a few

cm only are usually avoided by soil samplers for the reason that nutrients

often desert this kind of site foltor,ving leaching or lateral displacement

caused by seasonal rains.

The diversity of soil withi.n each sampling unit has always been a

perplexity in soil survey. Peterson and Calvin (1965) stated that the

intensity of sampting depencls on the ma,gnitude of the variation wiLhin

the soil populat-ion. Estimation of the variability of individual

samples drawn from a given soil population is necessary ín order to

determine the number of soil cores to be taken to ensure a satisfactory

estimate of the population. This variability is generally assessed by

tal<ing at ra¡dom a certain nuniber of samples from each site and computing

the coefficients of variation of the individual samples or sub-samples.

Once the degree of variation among sub-samples is known, the intensity

of sampling is chosen in such a way that the sampling error is reduce{

to an acceptable level. Yates (197I) pointed out that the standard error

of the estimate of the mean of a large population from a random sample is

inversely proportional to the square root of the number of units in the

sample following the equation:

Standard, error tyl
I6 6
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VaIIis (1973) ,reported thaÈ Èhe degree of variation due to soil

heterogeneity between samples within one site increased rapidly with in-

creasing distance between samples. However, Hauser (1973) stated that

in heterogeneous soils the variation in nutrient levels within a smal1

)
area (1 m-) is nearly the same as that within a bigger area of the sa¡ne

site (t hectare). This supports the idea of Hemingway (1955) that if

soil variabiJ-ity from point to point is considerable, intensive sampling

to prod,uce a reliable mean may not always reflect the true nutrient

status of soil. The same author found that in fields of uniform soil

type the distance between sampling sites had no influence on the sampling

error. Hauser (1973) reported tfrat as the nr:mber of sr¡b-samples in-

creases the percentage error variance decreases with the factor I
6--'

Hauser observed thaÈ many soil testing laboratories recommended between

15 and 40 sub-samples per composiÈe sample in field survey work.

Nutrient form in the soil (depth of sampling) Nitrogen exÍsts

in the soil in organic and inorganic forms. TLre latter form is usually

absorbed by plants and includes nitrate, nitrite and ammonium N. The

availability of this mineral N form varies with seasonal conditions, soil

tlæes anC the rates of mineralization and immobilization processes.

Further, the variation in soil N content within a field and between

fields is related to farming ¡nanagement practices of fertilizers appli-

cation and cropping history. fn regions çhere legume pastures are

included in the rotation, stocking rate and grazing pressure have a

superimposed effect on N status of the soil. For this reason sampling

error and sample variations in soil tests for N ¡reasurements may be

expected to vary greatly. Vallis (1973) studying soil total N changes

with tíme of 5 pasture sites compared, 3 ty¡es of sampling (simple random,

stratified random and repeated sampling of tTre same set of sites) and
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found thaÈ from 150 to 1000 soil cores were needed to measure a mean

-tchange in soil N,of + 50 kg N ha ^ in a field, but repeated sampling of

the same set of sites (as close as possible to the original position)

gave more precise estimates of changes of soil total N than did the two

other types of sampling. Beckett and Webster (1971) reported for N

and organic matter, Èhat ttre coefficients of variation of individual

samples drawn from tfie top soil layer of 0.01 ha fluctuated between 10

to 2O?, but they found that the variance within 1 *2 *"" already equal

to half of the variance within the whole field. rhis is interesting

because if fertility differences between several fields are Èo be measured

it will be less expensive and much faster to take a large number of soil

cores within a small area than Èo take few samples distribuÈed over the

whole fie1d.

Although lateral variation of soil N is important, vertical varia-

tion is so great that it must be kept at a controlled level by sampling

each time and each sÍte to the appropriate depth. Changes in soil bulk

density with water content and cultivation should be considered in a

sampling scheme. Vertical variation in soil N content arises also from

soil variability in texture and structure with depth. Deep leaching of

N in light textured soils may lead to high variance of soil N estimates

from season to season. The following example of â total N variation

with depth íIlustrates the importance of depth in soil sampling:

Sand over clay soil, South Australia (Potter 1970).

r.æpth (cm) * total N

o-2.5
2.5 - 7.5

7.5 - 15

o.031

o .012

o.005
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The question of depth of soil sampling depends on whether the crop is

deep rooted or not and also on the soil profile characteristics

(Graham 1975).

In spite of its difficult4 soil testing for N is useful in that

crop yields, mainly those of cereals,are conunonly a function of N level

of soils as deterrnined by soil analyses. Thus important improvements

of crop yields and protein production can be achieved by first measuring

the concentration of N and programming fertilizer N needs accordingly.

. Phosphorus availability in Australian agricultural soils d.epends

both on soil parent material and on farm nanagement practices. Here too,

the intensity of.sampling is related to the soil type and nutrient con-

centrations in the soil. Hemingway (1955) reported that, over 50 fields

of widely differing soil types, 24 soíJ- cores drawn from each field with-

in increasing areas (0.004 ha, 0.4 tra, 2.0 ha a¡¡d 12 ha) gave a standard

deviation from the mean of the ord,er of. + 20 to + 3O%. This was in un-

fertílized fields, whereas in areas which have received phosphorus the

sampling error was greater and varied between t 40 to ! 452. There was

no íncrease in the error as Èhe area sampled increased. The higher

sampling error in fertilized soils could be partly e>çlained by uneven

distribution by seed,/fertilizer driIls.

As in the case of N, the depth of sampling must be kept constant

for applied phosphate remains usualfy within the top layer of soil.

According to !,lilliams (1967), even the depth of ploughing in cultivated

a.reas can affect the soil test results if samples are drawn from the

cultivated zone only.

Sampling period Levels of available nutrients in soils vary with

the season owing to the biological activity which in turn depends on h¡ater
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and temperature factors, among oÈhers. In the Mediterranean climate,

the hot and dry s\uruner conditions reduce bacterial activity whereas, in

autu¡nn, after the openjlg rains and while soil temperature is still high,

rnineralization processes increase rapidly the quantity of available N

which can be extracted.

In practical terms soil sampling in suflìIner or after long dry

periods is to be avoided. Coltection of saÍlples from light textured

soils using the ordinary sampling tools (augers, tr:bes) is not practical,

for the lack of cohesion between soil particles lets the soil slide back

into the ho1e. In contrast, heav¡¿ textured soils are hard to ilig under

these conditions. Unless improvements are made in the sampling tools,

collecÈion of soil samples r¡nder these dry conditions is not strictly

accurate.

THE ACETYLENE REDUCTION ASSAY FOR MEASUREMENTS OF BACTERTAT,

NITRO@NASE ACTI\rITY

2.4.1 Agent responsible Despite the high concentraÈion of nitrogen

(N2) in the atmosphere (78%) only a few organísms possess the ability to

fix and convert this N into reduced forms which are available to plants'

Bacteria, blue-green a19ae and actinomycetes represent the N-fixing

organisms known to date. The organisms may be classified inÈo groups

according to the oxygen requirement for the accomplishment of atmospheric

Nr-fixation.

Bacteria:

- Obligate aerobes: include the fanr-ily of Azotobactereacea

(Azotobactet)

- Facultative aerobes: includinq KLebsieLLa, pneumoníae

- obligate anaerobes: inctuding cLosttidium pasteuriØLwt

- Blue-green algae: includíng Arøbaena, Nostoc
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2.4.2 Products of nitrogen fixatj.on

Enzlzmologic experiments witn 15N, indicaÈed that ammonia (NH3)

and amino-acids were the first stable products of the biorogicar 
"z-

fixation by micro-organisms (Hardy, Holsten, Jackson and Burns 196g,

Postgate I97O, Dilworth 1974). The reducÈion of N, to NH, was found

to be catalysed by an enzyme complex called nitrogenase (N-ase) which

was extracted from both free-Iiving organisms and legume nodule bacteria.

Dilworth (1966) and Shöllhorn and. Burris 11967) observed thàt N2-fixaÈion

was inhibited by acetylene (c2H2) which was reduced to ethylene (c2H4) .

Since then it has been established thaÈ the enzyme N-ase reduces CrH,

to c2H4 in the s¿rme way it rèduces N, to tiH, following the reaction:

N-ase

->

2NH
3

.t
N2 +.6H' + 6e

3 czH 6e N-ase ) 3 C
zHa

Because CrH, has similar molecular dimensior¡ to N, it has been reported

to be a competitive inhibitor of N, reduction (Trinick, DilworÈh and

Growrds L976). But H\^rang, Chen and Burris (1973) reported. that CrH,

acts as a non-competitive inhibitor. Acetylene reduction (AR) has become

an accepted method of measuring N-ase activity and of estimating Nr-fixation.

2.4.3 PrÍnciple and. characteristics of the acetvlene reduction as say

Usually, CrH, is exposed to the material under test in a closed,

incr:bation cha¡nber. After recorded intervals of time, 9ês samples are

withdrawn from the incr¡bation chamber by means of syringes a¡d introduced

into a gas chromatograph for the deterrnination of the crHn produced.

The gas mixture inside the incubation chamber varies with the N fixing

organism being ¡-ested. GeneralJ-y for aerobic fixing systems the air in

the assay chamber is flushed out and replaced by a gas rnixture of

Ar : OZ : CO, in the proportion of 0.8 : 0.2 : 0.04 (Hardy, Burns and

+
+6H+

2
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Holsten 1973) in order to elininate the competition between N, and

CZEZ- Hovrever, for these aerobic systems, incubation of samples und.er

a gas mixture of aír and CrH, i.e., in the presence of Nr, r.ras reported

to be practicable (Hardy et aL. L973¡ Sinclair 1974). Trinick et aL.,

(f976) studied the factors affecting the reduction of. CrH, by root nodules

of Ltqínus species and found that, provided a sufficiently high (0.05 -

0.1 atm.) Crn, concentration is used, CrH, reduction (AR) can be satis-

factorily measured in air.

2.4.4 ssion of results (C N ratio)' N-ase activity measured

by AR rnay be expressed in terms of moles of CrH, reduced or of CrHn pro-

duced. But as it can be seen in tt¡e N-ase reaction, the theoretical'

ratio between *of." of Crrïrreduced and. moles of N, fixed is 3 to 1 (Hardy

et aL.r l-968) . Ho$rever, in empirical deterrninations Èhis ratio $ras found

to vary with both rn-icro-organisms and kind of sample used for the test.

Bergerson (1970) found for soybean nodules, ratios varying from 2.7 to

4.2. Sinclair (1973) measured in white clover a ratio of 3.7, whereas

Roughley and Dart (1969) reported an average ratio of 2.6 for sr¡bterranean

clover. Steyn et aL., (1970) found for soils taken from a native grass-

land site a ratio of 4.I but for soils Èaken from a fallow site the

ratio was 6.9. A figure for med.ics has not been pr:blished.

The variation of E}:e CrHr/N2 ratio.with different environmental

conditions and different legume specíes emphasize the need for the deter-

mination of the proper conversion ratio of CrH, to N, if quantitative

estj:nates of N2-fixation by a specific legume or free:living organisms

are pursued under specific environmental conditions. The theoretical

ratio of 3:1 cannot be considered as a standard conversion ratio for

interpreting AR in terms of Nr-fixation.
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2.4.5 Factors affecti nq nírogenase activi ty and the acetvlene red.uction assay.

Nitrogen ase requirement and reaction: N-ase requires a

source of efectrons, ATp and Mg++ (Dilworth lg74). The suppry of

energy for N-ase activity comes from the hydrolysis of ATP to ADP and

pi (orthophosphate). Hardy et aL,, (1973) presented the N-ase reaction

as follows:

N-ase Reaction

(a) : Electron activation

ATP

ADP + Pi and oxidized reductant

Reductant
*

++
Mg

Electron
acceptor

e Reduction
product

Electron acceptors may be endogenous protons or they may be

exoçtenous acceptors such as N2 or 
"ZrZ-

(b) : Substrate reduction

+
Endogenous 2 H 2e

Exogenous N
2

nZ (H, evolution)

Mg (Nr-fixation)

a 
Z, 4 (a 

Zr r. red.uction)

*

*
6e

cz'z

H, inhibits only N, reduction (Dilworth 1974), whereas CO inhibits

both Nr-fixation and AR (Hardy et aL., 1973). Recent studies showed

that molybdenum was directly involved in H, evolution and Nr-fixation-

Ljones (1974) suggested that N, forms a complex v,rith molybdenum on the

Mo-Fe protein fraction of N-ase before reduction takes p1ace. N-ase has

been resolved into 2 protein fractions: the Mo-Fe protèin and the Fe

protein. The latter fraction showed more sensitivity to oxygen tension
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(Drozd and PosÈgate 1970a; Di].worth L974I- CoIe (1976) reported thaÈ

both component proteins are inastivated by oxygen.

Effects of oxvqen and acetylene par.tial pressure OxyÇen was found

to affect N-ase activity differently according to the strain of bacteria

involved in Nr-fixation. Although legume nodules and the associated

Ehizobíun require 02, Q2 has 1ørg been kncn¡n to inhibiÈ Nr-fixation even

in aerobic organisms such as Az,otobaetez' (tsergersen 1971-; .Ditworth 1974) .

Postgate (1972) stated that aercbic U fixing organisms switch off their

N-ase activity when exposed to a high atmospheric oxygen pressure'

particularly in carbon or phosphate limiting condiÈions. Bergersen (1971)

reported that O, is required for bacteroid respiration and the consequent

prowision of ATP for Nr-fixationr but without leghaemoglobin the diffusion

of O, through the dense nodule tissue woukl be completely inadequate to

neet the ATP requirement. YaÈes (I972a) ¡rcinted out that oxid.ation of

tlre electron donor to N-ase in Ázotobaeter ehnooeoeetm couLd account for

the non-competitive inhibition of AR by ox1'gen- Ho$tever, the optimal

oxygen partial pressure (pOZ) for a complete inhibition of Nr-fixation

or AR depended mainly on populaLion density, of ttre bacteria under test

(Dilworth L974).

Although authors in the li.teratr¡re suggested that PO, in AR assay

should duplicate that under which natural ñr-fÍxation occurs, one could

object that, under fiel-d conditions, neithsr PO, nor populatíon density

of bacteria is constant in ttre sil microenvironments or during the

growing season. Vge still do nsE know at r*trat depth of soil maximum Nr-

fixation by root nodule bacteria occurs. Nor v¡hether this maximum of

bacterial activity lies always at the same depth of soil throughout the

season or wheÈher iÈ varies accûrding to environmental conditions and

root growth. O. partial pressure under field conditions varies with
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both depth of soil and root growth of tfie planÈ host as well as wiÈh

soil water conÈent. Sinclair, Hannagan and Risk (1976) found that,

under turfs, 80u of AR activity of soil cores was found in the surface

7.5 cn of soil. Under field cond.itions the shortage of O, in the

rhizosphere of legume root nodules due to waterlogging or poor soil

structure may be linked wiÈh poor legume nodulation and a lack of

N^-fixation.
¿

Acetylene partial pressure in assays for N-ase activity should

be adjusted to saturate N-ase to the same extent that is saturated by

ambient N, for the rate of AR is proportional Eo c2H2 partial pressure

at levels less than that required to saturate the enzyme (Hardy et aL.,

1973) . Acetylene partial pressure (p CrHr) or lt(m CrH, for nodulated

soybean roots was reported (Harily et aL., 1968) to be about 0.007

atmosphere. However, Bergersen (1970) for:nd that a decrease in p CrH,

from 0.1 atnosphere to 0.05 atnrosphere led to an inhibition of C2H4

production by detached soybean nodule when incr¡.bated at the same pO, of

0.5 atmosphere. A p CZIJZ of 0.1 atmosphere has often been used in

studies of N-ase activity (Bergersen 1970, Steyn and Delwiche 1970,

PartL et aL., L97L, Trinick et aL., l.'976).

Effect of combined, nitrogen, Iiqht and defoliation Combined N

(ínorganic) has been reported in the literature Èo have inhibitory effects

on both nodulation of legr.uninous plants and symbiotic Nr-fixation.

Pate and Dart (f961) observed that 1ow levels of anur¡onium nitrate

(-10 ppm N) applied to barrel medic plants aÈ sowlng increased primary-

root nodulation, whereas at the highest level of ammonium nitrate

(220 ppm N) the number of both primary-root nodules and lateral-root

nodules decreased. At this high N level they found that arunonium nitrate

had depressed nodule activity and symbiotic Nr-fixation as early as the
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first pigimentation stage of first nodules. However, they menÈioned

that there $tere marked differences in the nodulation response of

bacterial strains to added ammonium nitrate. MusÈapha (1969) using

AR assay observed that application of calcium ammonium nitrate fertilizer

at a rate of 90 kg U ha-I to white clover decreased the rate of AR

activity or Nr-fixation to 20-3OB of that of the control but did not

eliminate it. Day, Neves and Döbereiner (L974) observed in intact soil-

plant cores wlrr:n PaspaLum notattmt syslem that addition of 10 ppm lvHn+-u

inhibited N-ase activity within 2 h, whereas I0 ppm NO, -N had the same

effect within 4 h. Dilworth (L974) reported that inhibition of N-ase

synthesis in N-fixing cultures by ammonia (NII,) varied with the micro-

organism involved and was directly related to Èhe population density.

This agrees witl¡ the report of Keister and William (1976) who found that

ammonium chloride even at a high concentration did noÈ inhibit AR activity

by pure cultures of Rhizobiwn sp. 32H1 and Rhízobiun iaponiewn 31 1683.

Inorganic N $ras reported to reduce N-ase activity of soybeans (Ham' Lawn and

Brun 1976). The outlined results among others (Matherson and Murpþy

1976) produce evidence concerning the inhibitory effect of combined N on

N-ase activity. presumùly, under fielcl conditions a high mineralization

of soil N at the onset of nodute formation of legume-based pastures will

d,ecrease nodure growth and restrict symbiotic Nr-fixation'

Light, by controlling photosynthesis in plants, controls the rate

of carbohydrate supply for the heterotrophic bacÈeria whose activity was

for¡¡rd to be related to light inÈensiÈy (Wilson and Wagner 1935). This

photosynthetic effect of light on Nr-fixation lÂras reported by Virtanen'

Moisio and Burris (1955) who found that detached nodules from pea plants

kept in the dark for 24 h had less leghaemog¡lobin and showed lower

capacity for fixing N than nodules frorn illun-inated plants. Furthermore,
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Butler, Greenwood and Soper (1959) reported that decreasing the light

intensity to approximately 253 led to a marked loss of nodules of

white clover and that after 3 days of shading there was a fading of the

pink colour of the nodules. With the advent of the AR assay more

sophisticated investigations conceïning the effect of light on bacterial

N-ase activity have been reported. Bergersen (1970) observed in a 28 h

period that N-ase activiÈy of bacteroids associated with soybean plants

was much higher in the light than in the dark and that the activity of

nodulated roots was greaÈer and more variable than that of detached

nodules. Chu and Robertson (L974)', using a glasshouse experiment,

for¡nd that the reducÈion of light intensity to 15å of that of the normal

daylíght, though it decreased, the nurnlcer and weight of nodules, did

occasion neither an obvious change in nodule colour nor an immediate

decrease in AR activity of white clover plants. It seems that light

was not decreased Èo very limit.ing conditions. Halliday and Pate (1976)

'brought further evid,ence that light is a prerequisite for symbiotic

N^-fixation. Apart from the fact that the last named authors o¡servea
2

a diurnal fluctuation in AR activity of 12 weeks old seedlings of white

clover, they found Èhat shading of the leaves of the main crown depressed

N-ase activity in nodules on all parts of the root system. Of great

interest is the fact that besides the effect of light on photosynthesis

and thus the supply of carbohydrates to N-fixinçf systems' there seems

to exist an additional non-phoÈosynthetic effect of tight on the

nodulation process. Lie (1971) found that exposure of the shoots or

the roots of pea plants to far-red lighÈ (730 mU) inhibited nodul-ation

which, on the contrary, was abundant in red light (560 mU) ' This led

the author to suggest that, as is the case beneath forest canopies,

shading of legumes in mixtures of grasses and legumes not only reduces

plant photosynthesis but also increases the proportion of far-red light
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received by shorter plants (Iegumes) and consequently inhibits nodule

formation or new-formed nodules. It can be concluded that artificial

shading of plants may not give a true indication of what is happening

under field conditions. This effect of far-red light on the nodulation

process could partly exptain why Chu and Robertson (1974) who used

sarlon netting to shade white clover plants did not observe any effect

of shading until 6 days after the treatmenÈ began.

Defoliation of legume plants was reported to affect N-ase activity

of root nodules more severely than shading does. Mustapha

(1969) reporÈed that defoliation of white clover planÈs led to a

decrease in AR activity of noduled roots just 30 rninutes after treatment,

and it took 3 weeks before the defoliated plants recovered their full

activity. This rise in AR acÈivity probably paralleled the active re-

growth of white clover plants (new leaves, new roots and nodules) as $Ias

observed by Butler et aL., (1959) on defoliated white clover plants.

The same phenomenon due to plant defoliation was reported by Hardy et aL.,

0968); Gibson (1971);Chu and Roberston (1974)¡ Halliday and Pate (L976\i

and Ham et aL., (1976).

The effect of defoliation on the rate of Nr-fixation trlas attributed

to a breakdown of nodule leghaemoglobin which controls O, fJ-u< inÈo the

nodules and to photosynthate deficiency as well as to injury. From a

practical point of view, hearry grazl-ng and trampling of swards of legumes

by animal-s could have the same effect in reducing N-ase activity of root

nodule bacteria and consequently Nr-fixation.

Temperature effects Atthough above ground temperatures affect

symbiotic Nr-fixation by controlling plant growth and respiration, soil

temperatures in the rhizosphere have been reported to be more important
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as far as bactelial activity is concerned. Mustapha and Mortenson

(1968) observed that N-ase extracted from CLostridi.wl pasteulianum was

inactivated at about OoC. The same inactivation of detached nodules

species during storage at Ooc for 30 minutes wasof different legume

observed by Mustapha (1969). However, Dart and Day (1971) pointed out

that a 3 day storage aL 2oC in the dark before testing for AR activity,

did not affect N-ase activity of medic (cv. Jemalong) or of Medieago

satiua whereas sr.rbterranean clover (cv. Mt.Barker) l-ost two-thirds of

its initial activity. The same effect of low temperature below 5oC on

AR activity of ALnus gLutin>sa nodules was observed by Vlaughman (1972).

Nevertheless, Gibson (1971) reported that Rhizobiun strains of subarctic

zones were more resistant to cold than those coming from t-emperate

regions.

At higher levels of temperature N-ase activity of nodulated roots

of soybeans was found to reach its maxÍmurn between 20oC and 30oc, whereas

temperatures greater than 3ooc decreased N-ase activity (Hardy e'b aL, '
1968; Gibson 1971). For subterranean clover (cv..Tallorook) optinum

Nr-fixation was reported at about 25oC (Gibson 1971). For nedic (cv.

Jemalong), Dart and Day (1971-) observed that N-ase activity increased

rapidly between 5oC and 2Ooc a¡rd decreased also rapidly above 300c

temperature. The same authors reported that N-ase activity of. Me&Lcago

satíua continued to increase until 35oc but not beyond.

Under field conditions, the effects of soil temperat-ure on

rhizobial activity can be confounded h¡ith soil water (Vlassak, Paul and

Harris l-973). Diurnal changes in AR activity of whiLe cl-over seedlings

appeared to run parallel with changes in soil temperature (Halliday and

Pate 1976). In view of these studies, it appears that both low and

high temperatures have ad,ver:se effects on N-ase activity of Rhizobium

strains and. are related to other envíronmental conditions of the symbiosis.
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Effects of lrtater Both water excess and deficiency can lead to a

reduction in bacterial N-ase activiEy and Nr-fixation as reporteil by

many studies. Accordíng to Sprent (1971), reduced AR activity of

soybean nod.ul-es immersed in waËer was due to a very low supply of Ort

for the same nodules were for:nd to recover their full rate of activity

after shaking them at pO, = 0.8. Further studÍes by Sprent (1971)

showed that a decrease in the water content of detacheci nodules to 80?

of normal fresh weight led to a decrease in AR activity of these nodules.

Even a 10% loss in fresh weight reduced the rate of AR by half. Sprent

concluded that Èhe effects of waÈer stress on O, uptake and. AR are

causally related either via supplies of ATP, reductant or both.

Likewiser-schwinghamer, Evans and Dawson (1970) reported very low

rates of AR by excessively wet legume nodules. Also, La Rue and Kurz

(1973), found that AR activity in intact pea plants was irùibited if

the sand-vermiculite soil supporting the plants was too wet. Ho\,vever'

Van Straten and Sctmidt (1975) observed that wetting detached soybean

nodules decreased their rate of åR, but wetting nodules still attached

to portions of roots had no inhibitory effect. They concluded that

nodule injuries caused by detachnent of nodules from roots are re-

sponsible for Iow AR activity rather than simple impairment of gas

exchange under wet conditions.

In the case of soil sanples, Paul et aL., (1971) mentioned that

soil cores from Agropynon-KoeLeria grassland shot¡ed an increase in their

N-ase activity when soíl moisture was increased to field capacity' with

the medium textured soils having the highest fixation rates.

Thus, it appears from these studies that a soil water content

above field capacity decreases bacterial N-ase acÈivity by decreasing

gas exchanges between soil atmosphere and aerobic nodule bacteria. However'
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it is possible that owing to the s'líght soh:bility of Crtln in water, low

evolution of CrHn is d.etected in wet conditions. AIso, it is like1y

that in the field, besides soil temperature, soil texture and soil

strucLure intervene to reduce or emphasize the effects of soil moisture

Ievels on N-fixation activity of the bacteroids.

Other inhibitors of the AR assay Apart from high O, Partial

pressure, carbon monoxide (CO) was found to be a competitive inhibitor

of the AR as wel-I of Nr-fixation itself (Hardy et aL,' I97L). Cyanide

inhibits AR (DilworLh 1974). Inhibition of N-ase activity by endo-

genously produced ethylene in bean roots l:as recently been observed by

Grobbelaar, C1arke and Hough (1971). However, despite the fact that

CrHn is produced in small amounts by certain plants and bacteria, inhibi-

tion of AR caused by CrHn production has been seldom reported' but may

cause error in estimating N-ase activity. Adsorption of CrHn to soil

surfaces, resulting in lower AR rates is possible (Steyn ancl Delwiche 1970).

2.4.6 Advantages and disadvantages of the assay

Advantages (i)

bíological Nr-fixation;

AR assay is sensitive and useful for detecting

(ii) Its sensitivity is reported to be respectively

103 and 106 times that of ur15 rtd Kjeldahl nrethods; (iii) Gas chroma-

tography methods are simple and specific for CrHn as it is easily

separated from the other hydrocarbons involved; (iv) As a test for N-ase

activity measurement, AR is a rapid and practical method since assays

could be achieved at a rate of up to 20 h-1; (v) AR is a non destructive

method because under certain conditions the same sample can be retested.

Disadvantages Apart from the chemical nature of the acetylene

baction and the explosive nature of the gas C2H2, it is rather difficulÈ

during incubation of samples with CrH, to match exactly the environmental

conditions under which natural Nr-fixation occurs. For this reason, the
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theoretical ratio of 3 molecules CrH, reduced to I nolecule N fixed

is not absolute and will vary according to the conciitions of AR test.

Calibration of this ratio for the system under test is needed. Further-

more, CrHn nay come from other sources (plants, bacteria) than the

chemical reduction of. CrH, or, on the contrary, could be adsorbed to

soil surface. Under field condiÈions the integration of the results

of AR assay over a season is very difficult and almost impossible because

of the high variability in bacterial N-ase activity with light intensityr

temperature, soil water content and stage of plant growth.

CONCLUSION

Soit N is.sr:bject to continuous losses due to crop uptakervolati-

lization, denitrificatiori-, leaching and top-soil erosion. Possibilities

for overcoming the depletion of soil N reserves have been outlined.

Considerable progress has been made in Australia, especially in the high

rainfall areas of the cereal be1t, to counteract the exhaustion of soil N

by the inclusion of subterranean clover pastures in the rotaÈion. A

wide range of studies have dealt with the a¡nount of N fixed by sub-

terranean clover pastures during a single growing period and over a

number of years, and most of the studies have emphasized the role of

superphosphate and/or grazing management in the build-up of soil fertility.

Although some studies have looked at the effects of the botanical

composition of the pasture on soil N increment (Donald and Williams 1954;

lfatson 1963) none lras involved ín the investigation of the effect of

sowing density of legume pasture on Nr-fixation. Comparatively little

has been published concerning the contributicn of medics to soil N in

the semi-aríd areas of the cereal growing regions. In Victoria,

Meagher and Rooney (1966) and MuIlaLy et aL., (1967) have pr:blished some

results although these studies have not fully taken into account the
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Iong term effects of medic leys, farming management, soil factors and

pasture composition. The following questions arise:

- How much N are medics able to fix per hecÈare per year?

- l{hat are the limiting factors to this fixation?

- Of what value is the N fixed to the ensuing crops?

- Vihat is the pattern of N.-fíxation within a single

growing season?

- What is the influence of the sowing density on N2-

fixation bY medics?

- How does N^-fixation vary itrith the seasons?

Our pïesent study aims to assess the effects of medic leys on soil

fertility build-up under different rc¡tations, to look into the effects

of sowing density, sowing date and stage of growth of medics on AR acÈivity'

and to investigate the effect of phosphate supply and competition from

grasses on grolvth, AR activity and N content of Jemalong medic plants-



3.0 RESULTS AND DISCUSSION OF THE SOIL FERTILITY SURVEY
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3.0 SOIL FERTILITY SURVEY

3.1 INTRODUCTION

The aim of this study was to evaluate by means of a soil survey

the effects of medic leys in the rotation on soil fertility build-up

in a semi-arid environnent.

Estimat-ion of cha¡ges in soit N are difficult since the small

increments involved must be measured against the background soil N

Ievel and its inherent variability. The increments can be magnified

by measurement over a number of years but long Èerm experimentst

especially under farm conditions, are rare indeed. Survey techniques

where a time-based factor can be introduced are a nea¡rs of approaching

the problem, although the compression of the years has its price in

the lack of precision in the result, as the following pages will reveal.

For all that, the method can be quite powerful as v¡as demonstrated by

Donald and llilliams 20 years before (1954).

3.2 SIIARACTERI STICS OF THE SURVEY AREA

The choice of the disÈrict of Mallala to conduct the present

survey was based on the diversity of medic history ì-n cropping systems in

ttds area which is onty 60 km from Adelaide. Lying between 34o and

S4o:O' Iatitude south, the survey area is 18 km from the coast of

St. Vincentls Gulf. It is a flat plain of pleistocene sediments

about 1OO m above sea leve1 in the Hundred of Grace, County Ligl't'

South Australia.

SoíIs are sandy loams to loams in the surface horizons with in-

creasing amounts of clay and lime in the sr:bsoil. originally the

survey area hras reconmended for its relative u¡rifornr-ity of soils but

analysis, especially for the presence or a-bsence of lime in the A
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horizon, showed. that the soils felI into two groups grading inÈo one

another. They are mainly solonized brown soils (Gc2, Gn) transition-

aI to assocíated red,-brown earÈhs (l>r2.23) (f¡orthcote l-970). Sol-onized

brown soils have lime in tt¡e surface horizon, a good. structure and

although light in texture they are not prone to wind and water erosion

unless they are over-cultivated. Their water holding capacity varies

with the nature and position of the limestone layer. The red-brown

earths have a medium textured topsoil, predominanÈIy loam' over a

heavier subsoil. Lime is present only in the lower subsoil from

30cm depth. These soils are well-drained with good water holding

capacity but they may become badly structured under heavy cropping and

can be easily eroded (French et aL.r 1969). Soils in the survey area

are neutral to alkaline in Èhe 0-10cm depth interval.

Annual rainfall in this district averages 375 mm to 405 mm with

the significant falls occurring beÈween April and October (Figure 3.1

and Table 3.1). In this semi-arid environment rain is needed through-

out the growing season but there are 2 critical periods for pasture

and cereal production. The first period is April-May and the second

is September-october. For Mallala, over a period of 83 years, 54eo

of the years have received 75 mm of rain or more during April-May and

the same area has about 503 chance of receiving 75 mm or more rain in

September-October (Bureau of Meteorology L972) .

The average length of growing season is 5 to 6 months in winter

and spring. Severe frosts are rare during the growinçJ season. A

drought year occurs about once every 5 or 6 years, according to local

farmers. In general, the environmental conditions in the survey area
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Figure 3.1: RAINFALL IS0HYETS IN THE STUDY AREA.

Taken from "The Climatic Survey of the Light
Region of South Australia" (Australía 1972)

which gives the 350, 375 and 400 mm isohyeÈs

only. Other isohyets were interpolated.
Sampling sites are dotted in.
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Table 3.I: Average monthly rainfall and temperature (oc)
I'latlala P.O. (South ustralia)

F M A M J J A s o NJ D Annual

22 405IRainfall

Average
Max. Temp.

Average
I4inimum Temp.

18 18 18 36 48 50 45 47 42 36 25

È(o

30.6 3o.O 2A.g 22.5 18.6 16.7 15.3 16.1 I9.7 22-8 26.4 28'6 23'O

16 .1 !5.7 t1-.s 12.3 9.8 7 .? 6 .7 6. I 8. 3 10 - I t2.3 15.0 11' 3

Mean Temp . 23.3 22.g 2L.g L7.4 14.2 12.2 11.0 11.5 14.0 16.5 19.3 2l-.A 17 '2

Irh. *"*, monthly rainfall applies to the period lrg25-J:g74 (ínclusive).
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are suitabl-e for the growth of medics. Although common barrel medic

and burr medic have colonized these soils for more than 20 or 30

years, it ís stil-l possible to find fields of unilnproved pastures

dominated by such grasses as barley grass, Wimmera ryegrass and brome

grass (Bz,orn¿s'spp.) together with soursob, mustard, (SísytrbrLun

oz"Lentale), three-cornered jacks (Emeæ austraLís), wild turnip

(Bz,assica tournefortií conan) , onion weed lásphodeLus fistuLosis).

Like other areas of the cereal belt of South Australia the

survey area was subjected to heavy cropping for cereal production for

more than 80 years until the 1950rs (Donald 1964, V,lebber l-968, Webber,

Cocks, ,fefferies 1976) dr:ring which cereal yields felI steadily.

Although the adoption of new varieÈies, mechanization and use of

superphosphate temporarily brought about an increase in cereal yields,

there was sÈill a continuous loss of soil structure and soil depth due

to wind and water erosion. A new farming practice based on the in-

clusion of pasture leys in the rotational systems was cleveloped in the

early 1950's. Accordingly, cereal rotations changed progressively

from fallow-wheat Èo fallow-wheat-pasture and fallorv-wheat-barley-

pasture. Webber (1968) mentioned that pastures in 1964 were poor and

generally not legume-dominant but a mixture of volunteer species

namely barrel medic, woolly burr medic, wimmera ryegrass and barley

grass. Moreover, according to a report of the Reserve Bank of South

Australia (1967) improved pastures in the survey area in 1967 were

rare and represented only 71 of the agricultural and pastoral area

of the lllatlala district. Thus until 1965, unimproved pastures and

rotations with low frequency of pasture }eys prevailed in the survey

area. 1"1r. Peter March, a pioneer in the utilization of improved

medic pastures (new varieties and superphosphate) corroborated that

prior to 1965 pastures were generally gra,ss-donr-inant. This is also
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Èhe view of the farming community generally. But by L974, the

survey of farmersr fields (95 paddocks) to be described. later re-

vealed that 63% of the surveyed. pastures were dominated by good medic

stands. It follows that a drastic change in farming manaçJement systems

occurred. in Èhe period between 1965 and 7974. This is a vital poinÈ

in the design of the survey. There is also a trend, which has

continued, towards shorter rotations involving suitable varieties

of medics. Rotations include:

Fallow-crop-pasture

Pasture-crop-crop

Pasture - crop - pasture - crop.

Depending on afitrünn rainfall, market expectations and market prices,

crop can be either wheat or barley. wheat is generally sown in May-

June whereas if the opening rains are late barley is preferred because

of its shorEer growing cycle. Sing1e superphosphate (8.6t P, 10 to

L2Z S, 2Oe" Ca) is conunonly applied to cereal crops aÈ a rate of 10O

-1to 120 kg ha -.

Fallowing is carried out in August-September if winter rains

have exceeded fOO mm (Webber 1975). In fallowing, after the initial

cultÍvation subsequent shallow cultivations are carried out each time

sufficient rain has fallen in order to keep the surface soil open and

free from weeds. The depth of the fallowing does not exceed 7-8cm.

Livestock raising, mainly of Merino sheep, is integrated in the

farming systems for meat and wool production and recently farmers have

become interested in the production of medic seed for overseas markets.

The average farm size in the survey area is about 500 ha.
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METHODS AI{D MATERTAT,S

3. 3.I Cropping history s'drvey

Elaboration of the surver/ After several visits to the Mallala

district the survey area was delinited and the farmers htere identified

with the help of Mr. A. Mitchelmore, the regional officer of the

Department of Agriculture and Fisheries. Preliminary contact with

the farmers was made Èo ask for their cooperation and to explain the

purpose of the soil fertility survey to be undertaken.

AlmosÈ aII paddocks in pasture ir¡ the area \.¡ere included in the

survey which covered 95 sites spread over 28 different farms (i.e.'

¿u1 average of 3.4 paddocks per farm). Also, 11 "reference sites", as

natural as possible, were included in the survey for the purpose of

comparing soil fertility in cultivated and uncultivated sites. These

reference sites had not received any phosphorus or N fertilizers as

far as farmers could remember and medics ï¡ere almost completely alrsent.

Scrubs used for sheep camping were avoided as reference sites. AII

sites were locaÈed on a map of the Hundred of Grace (scale 1:32000)

and on an aerial photograph (Plate 3.1). Figure 3.1 shows the scatter

of the selected sites over the area with regard to rainfaÌl isohyets,

and the aerial photo features the different paddocks included in the

survey and the number of sites sampled within each paddock.

Management histories. The farms selected included a wide range

of cropping histories. The rotation at each site was obtained from

the farmers for the perio¿l 1965-1974. Farmers had difficulty in re-

membering rotations over the I0 years and memory aids such as "drought

yearrr, "year-of-the-dry-finish", "year-of-quotas", "Iolrt wool pricest',

in addition to their own such as "year-I-got-the-new-tractor" v¡ere

helpful. A questionnaire handed to the farmer:s and collected a few
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AERIAL PHOTOGRAPH SHOI¡IING THE DISTRIBUTION OF

SAMPLING SITES (JVER THE SURVIY ARTA AND PADDOCKS

WHICH hIERÈ IN PASTURE IN 1974.
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days later vras designed to provide most of the other information of

interesÈ, namely the date of introduction of improved medic leys into

the rotation, the amount and type of fertilizer applied, cereal yields

and rainfall records. A copy of the questionnaire is presented in

Appendix I.1.

3.3.2 SoiI sa¡nplingr

Vüithin each site a sampling area (25m x 25m) was identified as

tlpical of the padciock and of iÈs cropping history. Typical is used

in a sense that the sampling site need not be a true arithmetical

average of ttre paddock but it needs to have experienced the cropping

history of the paddock. From each site 16 soil cores were taken using

a sampling tube 5cm in diameter, and the cores were divided into 2 depths,

O-5cm and 5-1Ocm. The 16 core positions were defined at random and

pegged down. This nr¡nrlcer of soil cores was estimated to give, within

a 95* confidence interval, a coefficient of variation of + 108 of the

true mean (based on French, unpublished data) . For each depth, soil

cores were rnixed to form composite samples for each site which were

air-dried on the same day of sampling. Soil samples included any

litter on the surface soil but not standinq vegetation- Sites were

sampled in the spring (i.e. september 18 to october 8, 1974).

Pasture composition at each site þefore soil sampling was re-

corded. The proportion of area covered by medics or grasses hlas

estimated visually and the pasture was classified either as medic-

dominant pastr:re or'grass-domina¡rt pasture. The numbers of sites of

each category of pasture were respectively 60 and 35 sites.
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3.3.3 Soil analvsis

The following d.eterminations were made on each composite sampie

and all results $Iere expressed on the oven-dry basis.

Total Nitrogen (%)

The percent total N !'ras deterinined on air-dried soils gror,:nd

to pass through a I mm sieve. For each composite sample a subsample

of 59 was digested for 2 h with concentrated HrSOn using Se as catalyst.

The ratio of KrSOn to HrSOn was 3lt0 (Bremner 1965). Each soil sample

was digesÈed and distitled in duplicate. Values of N content measured

by the Kjeldahl method will be referred to as total N wiÈh the recogni-

tion that the values obtained by Kjeldahl method do not include nitrates

or forms of N compounds not broken down in the short digestion time..

Mineralizable Nitrogen (ppm)

Nitrogen mineralizaÈion potential was determined on the same

samples. 10g of air-dried soil (<1 run) was added to 309 acid washed

sand and the mixture placed in a 250 ml ptastic bottle containing 6 ml

ilistilled water. After aerobic incubation at 3OoC l¡ot 2 weeks

samples were analysed for exchangeable ammonium + nitrate + nitrite

following the procedure outlined by Bremner (1965).

SoiI Avaitable Phosphorus (PPm)

Available P refers to extractable P soluble in sodium bicar-

bonate (NaHCOr) . Sr.rbsamples of 29 sieved soil (<1 run) were placed

in 250 ml plastic bottles and mixed with 200 ml of 0.5M NaHCO3-

After shaking overnight on a rotary shaker, the rnixture was filtered

and about 75 mI was centrifugred at 3000 rpm. 30 mI of the centri-

fuged solution was treated with 0.069 activated charcoal (Norit A +

Nucha C) and shaken for t h to clarify the solution of coloured organic

materials. The charcoal was previously freed of PO4- by several



55

extractions or vrashings vJith 0.5M NâHCO3 until the filtrate contained

less than I ppm PO4-P. Immediately after filtering, a 20 m1 aliquot

was transferred into a 50 ml volumetric flask and then the pH was

adjusted using P-nitrophenol indicator and 8N H2SO4. Colour develop-

ment technigue was that described by Olsen, Cole, Watanabe and Dean

(les4).

Total Phosphorus (Ppm)

This was determined on 29 of dried soil after digestion for

45 minuÈes with 6 m1 boiling 70% HCI04 (Olsen and Dean 1965). Colour

development was as for available P.

Organic Carbon (s")

Detenn-ination of the amount of organic carbon in each composiÈe

sample were made on 19 finely ground soil (<O.Smm) following the method

of Walkley and Black (1965) . The conversion to percent carbon lìlas

made using the correction factor of 1.33 which allows for an incomplete

oxidation of the inert forms of carbon (B1ack 1965) -

Calcium Carbonate (%)

Soil CaCO3 htas determined for the 0-5cm layer on a 59 sr:bsample

(2.55 for 5-1Ocm layer of soil), following the volumetric calcimeter

method outlined by Allison and Moodie (1965) -

' Soil pH

Hydrogen ion concentration in soil was ¡rÞasured by pH meter on

a 1:5 soil suspension in water after standing for t h with intermittent

mixing and vigorous stirring immediately before measurement.
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Bulk Density (g 
"*-3)

BuIk density was estimated for each composite sample from dry

weight of the composite sample and its volume calculated from the

dimensions of the soil sampling tube.

Clay content (%)

The clay content of each composite sample was determined on

5Og air-dried soit by the sedinentation method usinq a Bouyoucos

hydrometer afÈer dispersion with calgon and NaOH (Piper 1950' Day 1965).

3.3.4 Statistical Methods

The statistical approach adopted in the present study aimed at:

1) Identifying the components of the environment that

are associaÈed with high soil total N in ttre survey area

(Section 3.4.4).

2l Ascertaining whether there were any patterns in Lhe relation-

ships between soil total N and the farming management systems

based on cereal rotations with legrlme pasture leys

(Section 3.4.3) .

3) Understanding the interrelationships between soil properties,

farming management practices and climate in relation to

soil N accumulation under the semi-arid environment of the

study area (Section 3.4.6).

Statistical analysis was performed using a statistical package

for the social sciences (Nie, Hull, Jenkins, Steinbrenner and Bent, 1975) -

Bivariate analysis was used for a preliminary assessment of the degree

of association between variables. Pearson correlatíon coefficients

were computed and allowance for a two-tailed test of significance was

mad.e. The interrelations of 2 vatiables were examined by means of
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simple linear regressions whereas complex relations holding between

more than 2 variables were studied using mul-tivariate analysis, primarily

principal component analysis. The latter analytical method aims to

summarize most of the variation in a multivariate system in fewer and

new independent variables called components. Each component represents

a linear combination of all original variables and it is ranked accord-

ing to its eigenvalue. The eigenvalue of each component is proportional

to the variance in the original data which it accounts for and the set

of coefficients that specify each component comprise its eigenvector.

Of all possible linear combinations of the original variables, the

first principal component accounts for the greatest variance. The

components are uncorrelated with each other and arranged in order of

decreasing variance (Marriott 1974¡ Níe et aL., 1975) . There is no

assumption about the interrelations between Èhe original variables

included, so this multivariate technique simply describes how the

original variables are linked and may simplify the interpreÈation of

the complex biological system under investigation. In the present

study principal component analysis was based on correlation matrices

without involving any rotation to the principal axis-

RESULTS AND DÌSCUSSION OF TTIE SOIL IERTILITY SUR\EY

In this study of soil fertility 3 major groups of factors are

considered:

1) SoiI properties.

2') Farming m¿rnagement factors.

3) Climatic conditions (Rainfall) .

Soils were divided into tv¡o groups based on the presence of lime.

Soils containing more than 0.053 CaCO, (50 sites) are referred. to as
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"solonized. brown soils" and those containing 0% CaCO3 (45 sites)

are referred to as "red-brown earths" (Appendix I.3). The dÍvision

of pastures into medic-dominant and grass-domina¡rt was based on the

assessment of the bota¡ical composition of the pasture in 1974 onJ-y.

No information was available for the other nine years considered in

the survey.

Àppendix I.2A gives the classification of sites between med.ic-

dominant and grass-dominant pastures, with soil characteristics for

each site, and annual rainfall.

Although the N content of soils in the survey area prior to 1965

was not known and although variables such as temperature, grazing

pressure, N losses q¡ere not measured, no less than 714 of the variation

in total N in the surface of the red-brown earths was associated with

one managerial factor and. one soil physical property as follows:

soil total N (%) = 0.0001I (asne¡ + 0.0019 (% clay) + 0.009

2
R = 7I8

***
and where:

SoiI total N (3) = Total N held in the surface 5cm of soil

under medic-dominant pastures (23 sites)

ASRP = Frequency of years of pasture as embodied in ASRP

(to be further e><¡rlained later)

t Clay = CIay content of the surface 10cm of soil.

In view of the limitations to the survey just menÈioned, account-

ing for 7L4 of. the variance with two variables was considered most

encouraging to a further analysis of these relationships. SoiI total N

is represented here as the dependent variable and other measured
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variables (except %C and nr-ineralizable N) as independent variables

although it is recognized thaÈ cause an,cl effect cannot be defined by

correlation but inÈuitively inferred. Finding a significant co-

efficient of determination does not in itself estabtish a causal

relation between the dependenÈ variable and the independent variables,

for one or more of the measured variables may be independently associated

with a third possibly unknown or unmeasured variable. This nay be

the case in the present survey where the independent varia-bles are

not orthogonal or mutually independent.

Before presenting the results for the interactions between the

measured. variables, the distribution of individual variables is

discussed below. The frequency distributions and the results are

based, in the first instance, on the botanical composition of the

pasture with some reference to soil type.

3.4.1 Soil Properties

Soil Total Nitroqren. In cultivated soils (95 sites) total N

varied from 0.O43e" to 0.267s" and, was higher in the 0-5cm than in the

depth k¡elow (Figure 3.2C) wíth the 2 }:rori,zons well correlated (r = 0.74).

By comparison, none of the reference sites (r¡ncultivated) had less than

0.1* total N in the surface 5cm of soil and four of the 11 hail total N

conÈents above 0.2å (Appendix T.2B). A high proportion of soils under

grass-dominant pastures contained between 0.06 to O-I2z toÈa1 N in the

O-5cm depth interval (Figure 3.28) while most soils under medic-dominant

pastures contained between 0.I4 and 0.28 total.í in Èhe same depth

interval (Figure 3.24). The sane pattern of distribution of soil

total N was found in the 5-l0cm layer of soil. Under either medic-

dominant or grass-dominant pastures soil total N for both depths was

higher in the solonized brown soils than in the red-brown earths.
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SoiI Availa-ble Phosphorus

Unlike soil total N, available P is not normally distributed

(Figure 3.3a). About 5Os" of the sites contained more than 20 ppm in

the surface Scm of soíl but most of the sites (83) had less than 20 ppm

in the second depLh. Similarly, most of the reference sites contained

less than 20 ppm throughout the top 10cm of soil (Appendix I.2B).

'This suggests that much of the added superphosphate must stay in the

top 5cm, the cultivation depth for most of the area. The variation

in available P in the sampling area:

Mínimum Maximum Mean Std. deviation

0-5cm 6 15
Medic-donúnant
pa.st-ures

5-10cm I 28 I

0-5cm 10 89 31 L7
Grass-dorninant
pastures

5-10cm I 55 1t

Available P was generally higher under grass-dominant pastures. This

association may identify frequently cropped sites with greater use of

superphosphate and poor regeneration of medics.

Soil pH

SoiI pH varied from 6.6 to 8.0 in the 0-5cm depth interval and

almost the same range of soit pH was found in the second depth interval

(Figure 3.3b). l.'he standard deviations of the means vtere respectively

0.45 and 0.35. The surface soil of the reference sites was more

alkaline than that of the pasture sites (Appendix I.2B) but the sp.lit

of the 95 pastures into medic-dominant and grass-dominant did not

reveal significant differences in soil pH. As expected soil pH was

higher in the solonized brown soils tha¡ in the red-brown earths

(Appendix r.3).

2481

7

15
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Figure 3.2 Frequency distribution of soil total N in the survey area

No. of
Sites

Soil depth
(qn)

Meah soil total N
(s)

Std. deviation
t

A=60

B=35

C=95

o-5

5-10

o'5

5-10

0-5

5-10

o.165

0.1I1

o.r23

0.096

o.150

0.106

0.034

o.o27

0.031

0.040

o.039

0.033
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Figure 3.3 Frequency distrjbutions over ail sites (95) for:

A

B

c

D

E

F

Available P (ppm)

pH

Organic C (?)

Lime
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Bulk density (g 
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SoiI organic Carbon

Organic carbon varied from 0.3 to 3.4% with most soils containing

1.5 - 2.5%C (Figure 3.3c). In the reference sites the range was 1.I to

3.6uC. Over alt sites %C was higher in the 0-5 cm layer than in the

S-lOcm layer and was not closely associated with the botanical compo-

sition of the pastures (Appendix f.2).

SoiI CaCO,

For this studyr % CaCO, is referred to as lime. The distribution

of lime in cultivated soils is not symmetric but positively skewed

(Figure 3.3d). Almost 50% of the pasture sítes contained no lime at

either depth but when'present lime ranged up to more than 15%. Of 1l-

reference sites 10 had lime in the top lOcm (Appendix I.2B).

SoíI Total Phosphorus

Soil total P varied from 130 ppm to 42O ppm with 60% of the

pasture sites containing between 200 and 300 ppm (Figure 3.3e). Reference

sites varied from 160 ppm to 425 ppm total P (Appendix I.2B). There was

bigger variation in soil total P under grass-dominant pastures than under

medic-dominant pastures as indicated by the means and standard deviation

which were respectively 22L ! 69 and 228 ! 45. Total P in the 0-10cm

depth interval was higher in the solonized brown soils (257 ! 5J-) than in

the red-brown earths (I9I t 34). (Appendix I.3).

Soil BuIk Density

Over all sites bulk density varied between 0.94 and 1.79 g cm-3

(Figure 3.3f). The surface 5cm of soil had a mean ]¡ulk density of

-? -?I.33 g cm-' which was higher than the corresponding mean (I.27 g cm ")

for the 5-10cm depth interval. Soils of the cultivated areas had higher

bulk density than those of the reference sites where bulk density values
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ranged from 0.98 to 1.35 g cm-3 with a me¿rn of 1.15 g cm-3 for the

0-5cm layer of soil and 1.16 g cm-3 for the S-lOcm depth interval

(Appendix f-.28'). The bulk density at both depths was lower where

lime was present (Appendix I.3).

CIay content

Most of the sites (90e") had light textured. O-10cm horizons which

contained from 10 to 36% clay with 429" of the sites between 20-36% clay

(Appendix I.2).

SoiI l4ineralizable NiÈrogen

l"tineralizable N was higher (and more variable) in 0-5cm Èhan in

the 5-10cm layer.and higher under medics than under grass (Figures 3.

4ArBri). Reference sites \¡rere similar to medic-dominant pastures.

3.4.2 Cropping Histories and Cultural Practices

VtÍthin the lO-year period for which details of cropping history

have been collected,, the number of years of pasture leys is lower than

the number of years of crops. The latter does not include the fallow

phase which sometimes comes after a pasture ley and preceeds a wheat crop.

The variation ín the frequency of pasture and crop in the sampling

area (1965-74) z

No. of years of pasture

No. of years of crop

l4inimum

1

3

Maximum

6

7

Std. deviation
1.1

o.9

l"lean

3.7

4.7
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Frequency distributions of Mineralizable N (ppm)Figure 3.4
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3.4.3 Rerationships between soir total nitroqen and botanical
composition of pasture, freguency of pasture or crop years,
and seasonal rainfall

Botanical composition of pasture

Soil total N was higher under medic-dominant pastures than und.er

grass-dominant pastures (Figures 3.28 and C), but it must be remembered.

that N build-up occurred over a number of years and the botanical

composition r^ras recorded in the year of sampling only (1974). plate 3.2

shows a medic-dominant pasture and a grass-dominant pasture with re-

ference to the rotation for each site during the period 1965-74 and to

soil total N measured in 1974. Note the effect of pasture managemenÈ

and long rotation with 3 or more years cultivation on the disappearance

of medics from the pasture reading to low soil total N in 1974. The

amount of hard seed present in the surface soil may be a better variable

for the assessment of pasture botanical composition in the past 10 years

(1965-1974). The relation between pasture botanical composition and.

soil total N was further assessed by considering the management history

for each site over a period of 10 years (1965-1974).

Relationship between soil total nitrogen and the frequency
of pasture leys

In the present study the ntunber of years of pasture is referred

to as the frequency of years of pasture (FYRP) 
"na tn" number of years

of crop as the frequency of years of crop (FYRC). Changes in soil

total N occurring under pasture clearly vary with the botanical composi-

tion of the pasture, whether it vras composed of legurn-inous species or

grasses or of a mixture of legumes and grasses.

For medic-dominant pastures soil total N increased with the

frequency of years of pasture (Figure 3.54). The association between

soil total N and the FYRP was stronger for the O-5tm than for the depth

below (5-10cm). The regression describing this relationship for the
ê
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Plate 3.2: A medic-dominant and a grass-dominant pasture in 1974.

Above Self-regenerated medic-dominant pasture in I974
on a solonized brown soil. The rotation for the
period 1965-1974 was:

Medic -wheat -medi c -wheat-medi c -barley-medic -
fallow-wheat-medic.

Soil total N (0-5cm depth interval) in 1974 was
o.229e" .

For further details on soil properties and rainfall
refer to Appendix t.þþi-te No.93.

Bel ow: Grass-dominant pasture ín I974 on a red-brown earth.
The rotation for the period 1965-19'74 wasz

fcrass + some medic-fallow-wheat-barley-9rass-
barley- faIlow-wheat-wheat-gras s .

SoiI totat N (0-5cm ilepth interval) in 1974 was
0.066% .

For furEher details refer to Appendix r.Sþite No.6-

fGrass * medic was cut for hay and medic did not set seed.
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surface 5cm of soil is shown in Figure 3.54.

soít total N (B) = 0.11 + O.ol-5 FYRP (R2 = 28t"***)

This means that over one quarter of the overall variance in total N

can be explained by this simple variate defined only over the last

10 years. The scaÈter of points above and below the fitted regression

line indicate that other factors were also associated with soil total N

variation under medic-dominant pastures.

For the 5-1Ocm depth interval, the linear relationship between

soil total N a¡d the FYRP has a low R2 (9?*) although it is still signi-

ficant at P level of 0.05. The regression equation for the second

depth interval is as follows:

soil totar N (?) = o-087 + o.oo7 FYRP

In cOntrast, under grass-dominant pastures the regressions were not

significant (Figure 3.58) .

Relationship s between soil total nitrogen and the
frequency of crops

Over all sites, soil total N and the frequency of years of crop

(FyRC) were negatively associated in the 0-5cm Iayer (R2 = I2Z**¡ but

there !ìras no significant assoçiation at the second depth (R2 = 4%, non-

significant at P = O.O5). The negative association in the surface 5cm

of soil was due to a stronger correlation in the medic-dominant pastures

r****
(R" = 23? for the O-5cm and 7? for the 5-10cm),whereas in the

grass-dominant pastures correlations were noÈ sigrnificant. The relation-

ship under medic-dominant Pastures is shown in Figure 3.5C and is

described by the regression equation:

2 ***
SoiI total N (å) = 0.256 - 0.02 FYRC (R = 23%

where soil total N (%) = for the 0-5cm depth interval'

Again there was a wide scatter of points due to other factors.
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Figure 3.5 Linear regressions of soil total N (0-5cm depth interval) on:

A Frequency of pasture leys under medic-doninant pastures

(60 sites) during the period 1965-74.

B Frequency of pasture leys under grass-dominant pastures

(35 sítes) during the period.1965-74.

c Frequency of crops in medic-dominant sites (60 sites)

during the period, L965-74.

D Accumulated seasonal rainfall on medÍc pastures (60 sites).

i

I
I

i
'I
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Relationship between soil total nitrogen and the accumulated
seasonal rainfalL on pasture

In an effort to make allowance for variation in the growth of

medics due to seasonal variation in rainfall, the May-October rainfalt

received for each pasture phase was summed. over the 10 year period

,(L965-74) for each site. The new variable was called accumulated seasonal

rainfall on pasture (ASRP) and is in fact a combination of a management

factor (FYRP) and a climatic factor (seasonal rainfall) as shown by the

following equations:

FYRP

ASRP

xl
.l_

xj
t

P

r P

(1)

(2)
S

where r seasonal (May-October) rainfall for
the pasture year (see Appenix 1.4).

1.0 for a pasture year and 0.0 for
a fallow or crop year.

196s

I974

For medic-dominant pastures, the combination ASRP of a management factor

(¡'ynp) and a rainfall factor (r") had a much higher correlation with soil

total N than existed between soil total N and the management factor FYRP

alone (Figure 3.5D). For the 0-5cm depth interval, the regression

equation became:

2 ***
SoiI total N (%) = 0.073 + 0.00010 ASRP (R = 424

Líkewise the coefficient of determination of the relationship between soil

total N of the second depth interval (5-10cm) and the ASRP was much

? **:r
higher (R- = 2l % ) than that found previously using FYRP as independent

2ttvariable (R- = 9* ), The association between soil total N (5-10cm) and

A.SRP is described by the regression equation:

soir total N (?) = 0.059 + o.0ooo57 ASRP (R2 = 212***¡.

s

P

i

j
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A comparison of figures 3.54 and 3.5D ctearly shows that FYRP

is a discrete varia-ble and ASRP is continuous. It was felt that this

alone could cause a better correlation between soil totat N and Èhe

cropping history variable (nvne¡ and consequently the improvement coul-d

be an artifact of the method. However, change from discrete to con-

tinuous varíable was also þttectea by feeding in sets of ra¡rdom numbers

2

\

instead of r in equation (2)
s

Ímproved in any of 3 attempts.

but the R for the correlations was not

accounting fot seasonal rainfall,

!Íe must conclude that the effect of

as embodied in ASRP is significant.

Yet again, there $¡as no significant relationship between soil

total N for either depth and A.SRP for the grass-dominant pastures.

. lüith the assumption that soit

total N in L974 were not correlated,

gives an estimate of the nett annual

various rotations which involve both

conditions in the survey area.

total N prior to 1965 and soil

our approach to be described below

increment of soil total N under

soil N gains and losses under farm

Estimates of nitrogen increments und.er medics and under farm
conditions derived from regression analyses of the survey data

From figure 3.54 and its regression equation:

Soil total N (3) = 0.11 + 0.015 FYRP

it is possible to calculate a mean annual increment of soil N (kg ha-1

-tyear ^ l¡) under a medic-dominant pasture for the survey district using

the equation:

Mean annual N increment =

^ 
(N) x SoiI depth x 104 x 104 x bulk density

100 x 
^(FYRP) 

x 1000
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FYRP in Years.

Soil ilePth = cm

Bulk densitY = g cm 3

Assuning a mean bulk densíty of 1.30 g .*-3 fot the 0-5cm layer, the

mean annual increment is 98 kg ha-I l¡ in ttris layer. A smaller ¿ulnual

increment of. 46 kg ha-I N per year can be calculated for the 5-1Ocm

indicating, presumably, that most nodules are in the surface 5cm and

cultivation does not greatly mix the two layers.

A sindtar catculation can be made using the variable ASRP

(Figure 3.5D) and the regression equation for the 0-5cm layer:

soil total N (B) = 0-073 + 0-00010 ASRP

Thes1opeofthere9ression1ine#enablesustocaIcu1ateas

before a mean annual increment of soil total N per mm of seasonal rain

on pasture. The calculated amount vtas found to be equal to 0'65 kg N

-'lha-t per mm of rain on pasture. This provides an estimate of the annual

increment of soit N in the different pasture years. In fact, not only

may a mean value for N increment be made for the district as a whole for

a mean rainfall year, but atso for maximum and minimum rainfall'years, viz' '

where A (N) = 0. 015,
A (FYRP)

the slope of the regression line
with N in E" and

(248 mm)

(353 nun)

Mean N incremenÈs

-1= I6f kg ha * N for mea¡¡ rainfall year

-1= 230 kg ha - for maximum rainfall year
(equivalent to 1968)

81 k9 ha -1 N tor mrnr-mum rainfal-I year (124 mm)

(eguivalent to L967).

For the S-lOcm layer, the regression equation provided an estimated N

increment of 0.37 kg ¡¡ ha-I per nm of rain on pasture. The variation

ín N increments between seasons were:
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Mea¡r N increment = 92 kg ha-l

131 kg ha-l

-146kgha-

N for mean rainfa1.1 year

N for maximum rainfall year

N for minimum rainfall year

Addition of the figures for the 0-5 and 5-l-0cm layers gives the

total annual increments which become very significant indeed:

-'l161 + 92 = 253 kg ha - N for mean rainfall year
_l

230 + 131 = 361 kg ha - N for maximum rainfall year

-l. 81 + 46 = l,27 kg ha * N for minimum rainfall year

These figures, derived as they are from the regression of soil total N

on FYRP or ASRP are seen to represent the average nett effect in the

district of replacing a crop year (sometimes fallow) by a medic pasture

year. Thus they are seen to be Èhe sum of both the N gains in the

pasture year and the N losses in a crop year. An average cereal crop

in the district exports about 30 kg of N in Èhe grain and. there are

other losses as well due to leaching, denitrification, erosion and

auto-oxidation. If these additional losses are estimated to amount to

-120 kg ha - N (Greenland l-971-) then by substraction of a value of 50 kg

-'lha - N for crop removal and other losses from the above figures, estimates

of N increments under medic pastures may be obtained for the farm

sitr:ation in the Matlala district. These estimates would then become for

mea¡r rainfall year 253-50 = 2O3

maximum rainfall year 361-50 = 311

minimum rainfall year L27-5O = 77

or in round figrures, gO to 3OO with a mean of about 2OO kg ha-I N per year.

The split of soil-s into two groups revealed that, under medic-

dominant pastures, and for the 0-5 depth interval, the estimated increment

of Nwas higher (0.62 kg ha-I Nper nrn of rain on pasture) in red-brown

earths than in solonized brown soils (0.48 kg ha-f N per mm of rain on pasture)
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Thus before making allowa¡rce for N removal and loss in crop years

-1(50 kg ha * N), the calculated mean N increments in the O-5cm layer hrere:

154 kg h.-l ¡¡ in red-brown earths, and

120 kg h.-1 l¡ in solonized brown soils.

These are d.erived from the following equations for the red-brown earths

and solonized brown soils respectively:

SoiI total N (%) = 0.063 + 0.000096 ASRP

Soil total N (,") = 0.107 + 0.000074 ASRP

(R2 = 372*
*.

)

2
(R = 28%

***
)

(]

Note that ttre intercept is markediy different for the tr^ro groups. Estimates

for N increment in the 5-10cm layer were not calculated for the reason that

regressions of soil total N on ASRP were not significanÈ for that depth

of soil, probably because there were fewer daÈa in the regressions.

Solonized brown soils have higher mean soil total N levels than

do the red-brown earths (page g:_ ) but the above equations suggest that

the rate of accumulation is higher in the red-brown earths. The inter-

cept in the above equation for the solonized brown soil is higher than

that for the red-brown earth.

Under grass-dominant pastures, and for the red-brown earths,

there hras a significant (R2 = 2itr-"r') relationship between soil toÈal N

of the 0-5cm depth interval and ASRP. Accordingly, the estimated in-

crement of soil N was O.29 kg h"-1 l¡ per mm of rain on pasture, which

gives an average annual increment of 22 kg ha-l w (i.e. r 72-50 l<g na-I tt)

No estimate was derived for the 5-10cm layer, the regression for which

hras not significanÈ.

The observed. relationship between soil total N and the FYRP may

be compared with the report of Mull airy et aL., f9lf'l who found a linear
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relationship between soil total N and the increasing number of conse-

cutive years of.medic ley. In our stuciy, the boÈanical composition

of the pasture was recorded in 1974 onIy, but it is very likely that

medic-dominant pasture in 1974 implies good seed reserve in the soil

and that the state of the pasture in l-974 reflects to some extent the

nature of the pasture in earlier years.

Improvement of soil total N by medics has also been reported

(Meagher and Rooney 1966) in long-term field experiments in Victoria.

A mean annual soil N increment of 1I7 kg ha-I in the surface l5cm of

soil was reported. after 4 consecutive years of mixed medic/grass pastures

(l4eagher and. Rooney 1966). However, this kind of assessment of N

accumulation in-soils following several years of continuous medic *

grass pastures and without involving any soil cultivation does not relate

to changes in soil organic N under farm conditions where medic leys are

separated. by cereal crops and fallow periods and where consequently the

nett accumulation of soil N may be quite different.

The association of N increments under medic-dominant pastures

with variations in the seasonal- rainfall agrees with other reports con-

cerning the seasonal variation in N accumulation by subterranean clover

pastures (Clarke I97O, Vallis 1972, Simpson, Bromfield and Jones 1974).

Accord.ing to Russell (1960) and Watson (1963), soíl N accumulation is

associated with the growth of the legume-based pasture. Presr¡nably, the

higher the seasonal rainfall the better the growth of medics and the

higher the inputs of N into the soil. The effective seasonal rainfall

or the effective medic growth from season to season might be a better

variable than total seasonal rainfall. Nevertheless, the association

of the anounts of N held in the topsoil with seasonal rainfall may have

this biological meaning which needs to be tested, for this seasonal
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variation in N increments under medic-dominant pasture can have

important implications for the ley farming system in South Australia.

Cereal gro\^¡ers may need to vary theír rotational system according to

the N accumulated under medic pastures in the previous seasoni for

fallowing afÈer a good pasture year m¿¡.y increase the risks of N losses

from the soil and may reduce the benefit of the N accumulated during

the previous good pasture season.

The estimated mean annuai increment of N under medic-dominant

pastures (2OO kg tra-lN) in the surface lOcm of soit falls in the range

of soil N increments by legume-based pastures (50-250 fg fra-l N) reported

in the literature. The survey area is likely to show high inputs of N

because:

1) Iow soil N levels of farmersr fields prior to 1965, especially

as fallow-wheat rotations prevailed for more than 50 years and

consequently where soil N reserves were depeleted (Norton 1973).

Nitrogen accumul-ates at a much higher rate in soíIs of low N

status than in soils of high N level (Watson and Lapins 1964,

Simpson and Bromfield 1974, Jenkinson 1976).

2) The removal of N by cereal crops (grain + straw) may be higher

than the amount of 30 }<g ha-l N per year especially in medic-

domÍnant sites where high mineralization of soil N can occur

in the pre-sowing period due to warm soil temperature and early

seasonal rains. Indeed, the aerobic incr¡bation results showed

that soit under medic-d,ominant pastures has a high N rnineral-ization

potential with a mean of 54 ppm in tJle surface 5cm of soil.

Losses of N r:nder crops by denitrification could be also very

high. (Stefanson and Greenland, 1970).
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3) Stocking rate may be a covariate associaËed with the FYRP.

Farmers having high stock numbers may need more frequent

pasture leys. Stocking rate influences the botanical compo-

sition of the pasture and probably influences soil N accumulation

(Mclachlan 1968; Simpson et aL., L974). The association between

soÍI total N and the FYRP may need to be adjusted for inequalities

ín the covariate stocking rate which was not assessed in the

present survey.

4) Pests and fung"us attacks of medics in the low rainfall areas are

not as frequent or severe as in hígh rainfall areas where sub-

terranean clove::s do¡n-inate (Moulden 1973) .

The mean soil N increment of 2OO kg ha-I N per year in the top

lOcm of soit ináicates high potential of medics to build up soil N when

they are well estabiished and properly managed to avoid the prolife-

ration of invading grasses following the initial increase in soil l¡

Ievel. Differences in soil total N between sites not accounted for

above are obviously linked to oÈher environmental variables.

3.4.4 Relatíonships between individual soil properties and
soil total nitrogen

Although no assumpÈion about the causative factors can be made

from correlation and regression analysis which merely deals with

associations, correlation and regression analysis $/ere performed on the

data in order to determine which of the measured soil characteristics

are more closely associated with soil total N in the survey area. It

should be mentioned that logarithmic values of lime were used throughout

the statistical analysis. This transformation was needed because of

the skewness of the distribut-ion of lime values, there being many zero

values. Likewi.se, logarithmic values of available P were used.

Pearson correlation coefficients in lables 3.3ArBrC, summarize the
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correlations betr¡een soil total N and individual soil properties

and results of simple regression analysis are presented in

Figure 3.6 and Table 3.2. All the anaiyses so far (Figure 3.6 and

Table 3.2) suggest that the relationships between soil total N and

individual soil properties vrere approximately linear (except for t C)

and were generally closer for the 5-10qn than for the surface 5cm of

soil. Moreover, these relationshi.ps were closer under grass-dominant

than under medic-dominant pastures. The weak association beÈween

soil total N of the 0-5cm depth interval and total P of the surface

10cm of soil (Figure 3.64) was partly due to 3 sites on the same farm

which had. received superphosphate regularly every year for the past

7 years (1968-1974) but where improved medic pastures were introduced

only in 1972.

Of the I19 correlation coefficients, 80 are statistically signi-

ficant at 18 level. The high level of intercorrelation suggests that

some of the variables are measuring the sa¡ne underlying soil properties.

Correlation coefficients of Tables 3.3ArBrC, emphasize the closeness of

association between soil total N and % C at both depths (r = 0.77*** to
***0.96 ) alttrough it is higher in the second depth. This is not

surprising, these 2 variables being closely associated in soil organic

matter which itser.f is dependent on other soil, management and environ-

mental variables. In soils of the survey'area the CrlN ratio was

generally higher in the 0-5cm than in the 5-l0cm depth interval and

was higher under grass-dominant than und.er medic-dominant pastures as

indicated below:

Mean CrlN ratio
Medic-domina¡rt pastures 0- 5cm depth interval

5-I0cm rr rt

Grass-dominant pastures 0-5 c¡n

5-l0cm

13.0
L2.6

ll

14.7
12.2



Figure 3.6 Linear-regressions of soil totaì N on:
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- Total P of the 0-L0cm depth interval (95 sites)

- Organic C of the 0-5cm depth interval (95 sites)

- Mineralizable N of the O-5cm depth ínterval (95 sites)

- Linear regression of soil organic C on Total P

(95 sites)

A

B

c

D
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Table 3.2

Variable

Lime (M)

Lime (c)

Total P (M)

Total P(G)

Èorg.C (M)

?org. C (G)

Mineralizable N(M)

l"Lineralisabte N (c)

BuIk density (M)

BuIk density (c)

pH (M)

PH (G)

Coefficfent

Coefficients of linear regression of soil totat N (%) on soi'l properties

Depth interval 0-5 cm Depth interval 5-10 cm

Standard
error of

b

t 0.004

t 0.004

t 0.000

t 0.000

t 0.005

I 0.006

18I.0
188. I
t 0.032

r 0.025

t 0.01I
I 0.050

F

31.95***

2I.50***
16.34**'t

24.07**tr

I59. 39't**

47.94***

],2.84*r,

15.82***

2L.gL***

10.45**

17.65 tr**

L7.47*rc*

R2 b
Standard
error of

b

2
RF

b

0 .020

0 .0r7

0.0004

0.0003

0 .060
I

o.o42

290.3

350 .6

- 0.148

- 0.082

0.045

0 .050

35

40

22

42

73

59

18

32

27

24

23

35

0.015

0.030

0.0003

0.0005

0.053

0.07r
LOA.7

78.96

- 0.082

- 0. r80

0.039

0.059

t 0.002

t 0.003

t 0.000

r 0.000

r 0.004

r 0.004

!41..9

!27.5
1 0.023

r 0.025

r 0.009

r 0.017

36.74t8**

100. 30***

25.66**r.

I04.33***
162.27***

379.07***

6.24*

8.26r,tt

13 . 06 *:t*

5 I.02***
L7.37tt**

12 .65***

39

75

31

76

74

92

IO

20

18

61

23

2A

@
O

(M)

(c)

= ; Med,ic-dominant pasture s

= Grass-dorninant pastures

(60 sites)
(35 sites)



Table 3.3A pearson correlation coefficients (r) for pairs of soi1, management, and environmental factors (gS sites).
A = 0-5cm depth interval; B = 5-10cm depth interval.

Total
N

ToÈal
N

(B)

Lime LimeAvail AvaiI
PP

C Min.N Min.N PH Bulk BuIk
DD
(A) (B)

Clay Annual
Rainfall

c PH TotaI
P

(A) (B

*tr***
o.32 o -0.06 -0.07 0.28 0.25

*** * * *****
0 .3r -o.26 -O.2r -0.34

*** ** *** *¡t*
1.00 0.70 -0.15 -0.28 o .74 0.58

r.0o -o.o2 -0.r0 0.87 0.91
It*

o "32
*Jr* ***

*** **
t .00 0 . 55 -0 .09 -o .o7 -0 .30

(B) (A) (B) ) (B)

**
-o-24 -O.25

*
25

* ***
o.32 0 .05

-0 .18
***

o.42
***

0 .39

-0 .06

0 .17

-o.L7
***

0.51
***

0 .65
**

-o.29

-0 .1r

0 .03

-0.00

- 0.19

0.0r

o.o2

0 .15

0. t4

-0.04

-0.06

o.02

-o.20

-0 .03

-0.05
**

-0.31
**

-0 .30

0 .19

-0 .08

***
0.37
***

0. 50

-o.o7

0.05

***
0 .54

*
o.24

0 .14

** 2k

o.44
***

0 .43
***

-0.41
***

-0.37

**
o.27

*
o.26 0. 23

**
o.25

*
-0.13 -0.18 -0.18 0.22 0.L2 -0.09

*** *** *** *** ***
0.58 0.58 -0.53 -0.45 0.49

*tr* *** *** *** *** ***
o.52 0.75 0.73 -0.69 -0.63 0.73

ASRP

FIRC

Total NO

Total N"

evail .P
A

avail.e"

N
A

l,tin. N
B

**
0 .30-0.35 -0.I9

***
o.47

* ?t*
0.82

***
0. 5t

*
o.24
***

o.34
***

0.68
***

0. 66
***

0 .35

0 .01 -0 .06 -0 .1r -0.08

-0 .13

***
-o.69

*tr*
-o.64

**
-o.29

o.I2

-o.o2
tr* *

-o.62
***

-0 .59
**

-o.27

@
ts

c

c

A

B

*
1.00 -0.13 -0.08 -o.26 -0.18 -0.13 -0.18 -0.00 -o.o2

*** *** *** *** *** ***
r.00 0.92 0.36

**
0 .30 o.57 0.44 0.70 0.67

** *** *** *** ***
1 .00 0 .32 o.67 0.50 0.76 0.75

*** *** *** *** ***
1.OO 0.53 0.34 0 

" 
36 0.35 0.39

I .00 0 .35 0 .39 0 .36 0 .38 -0
**
28 -0.17 0.20

*** *?t* *** ***

***1.00 0.52
*** *** ** *** ***

o.73 -0.3I -0.39
***

0 .48 0.48

1.00 0.59 0.59 -O.28 -0.17
***

0 .33
**
28

*** *** tr*

*** ***

*
230Min.

PH
B

o.74PH
A

Lime
A

Lime
B

BuIk D

0

*** ***
1.00 0.95 -0.50 -0.48 0.70

*?t* *** *tr*

A

r.00 -o.47 -o.44 0.66
*** ***

.611.00 -0.51 -0
***

1.00 -0.53B
Bulk D

Levels of significance: *significant at P = 0.05; **significant at P = O.OI; ***significant at p<O.Ol



Table 3.38 Pearson correlation coefficients (r) fqr pairs of soi'1, management, and environmental factors (Ue¿ic-dominant
pastures : 60 sites).

A = 0-5cm depth interval; B = 5-10cm depth interval.'

Total Total Avail
NNP

Avail
P

(B)

c C Min.N Min.N PH PH Lime Lime Bulk Bulk
D

Tota1
P

Clay Annual
RainfallD

(A) (B )(B B

*** ***. *** *rl* ***
0.65 0.46 -0.11 -0.19 0.49 0.45 0.46

*** )c *Jr

0.16
*

-o.26

**
0.35

rt*
o.37

***
o.49

***

rt

o.47 -0"38 -0
** **

39 0.38 -0.18 0.28
** *

ASRP

FYRC

Total NA

Total NB

Avail.Po

Avai1.P"

c

l,tin.uO

Itin. N"

PH
B

Limeo

Lime
B

Bulk D
A

** *
-0.48 -O.26 0.23 -0.33 -0.30 -0,36 -o.24 -0.19 -O.27 -O.29 0.18 0.16 -O.02 0.11 -0.06

*r(* lr*
.47 -O.L2 0.37

*** *** ttÊ *** *** *** *** *** *** *** **
1.OO -0.01 -O.25 0,81 0.86 0.24 0.31 0.62 0.48 0.64 0.62 -0.50 -O.43 0.55 0.00 0.38

***
1.OO O.44 -0.09 -0.09 -0.14 0.08 -o.25 0.16 0.00 -0.06 0.14 0.2L -O.22 -O.L2 -0.00

1.OO -O.2L -0.14 -0.03 -0.08 -O.L4 -0.11 -0.03 -0.02 -O:13 o.03 0.3i -0.11 0.01

*r.* *** * ,rtt* *** *r(* *** ,r** ***
1.00 0.91 0.23 0.11 0.51 0.31 0.60 0.57 -0.54 -O.45 0.53 0,O2 0.42

*** *** *** *** *** ?k** ***
1.00 0.22 0.2r 0.66 0.40 0.66 0.66 -0.50 -0.40 0.53 -O.O2

*** *
1.00 0.50 0.26 0.22 0.31- -o.25 -0.15 0.20 -0.08 0.24

** *
r:00 0.23 0.33 0.26 0.30 -O.24 -0.05 0.00 -0.05 0.06

***o.46 -O.r2
**

0.39
*** *)t* * *

1.00 0.55 0.s7 -0.16 -0.01 0,29 -0.31 0.19
* tr** *

-0.3I -O.32 0.69 -O.22 0.28
* *?k* *

1.00 -o.26 -0.28 0"65 -o.26 0.29

t(* *

***
0 .34

*r<* *ìt* *** *** * *** ** *** *** *rt¡t ¡t
1.OO O.74 -0.07 -O.22 0.86 0.80 0.43 0.27 0.48 0.37 0.60 0.59 -0.52 -0.33 0

@
N

A

/r **
o.47c

B

**tr t(** :t*lr *trr.00 0.47 0.71 0.70 -0.17 -0,3sA
PH

tr*
0 .33

+

*

***
0"95

**

*?t* **
I .00 0 .24 -0.41 -0. 08 -0 .36

Br:l"k D
B

t .00

1.00 -0.36 -0.15 -o.26



Tabl e 3.3C Pearson correlation coefficients (.r) for pa'irs of soil, managottent, and environmental
(Grass-dominant pastures : 35 sites).

A = 0-5cm depth interval; B = 5-10cm depth interval .

I c c Mi-n.N NPH e Lame Bulk Bulk Total Clay
P

factors.

Total
N

TotaI
N

(B)

AvaiI
P

PH Annuar
rainfallPD

B
D

B) (A) (B A (B) (A B (A (B)

ASRP

FYRC

Tota1 N

0 .07

-0.04

A 1.00

0 .09

-0 .05
***

0 .69

r.00

-0.04
0 .33

o.L2

0 .14

1. 00

0.04 0

0.14 -0

0.r5 0

0.31 0

***

0 .07

-0.03
***

0 .70
***

o.29

-o.27
*rk*

o.57

-0 .08

0 .09

.2I -0.01

.o4 -0.o2

-0.06
o.o2

*Jt*
0 .61
***

0 .87

***
0.59

*Jr*
0"96

1"00

-0. 16

0 .19
It Jr

-o.49
***

-0.80

-o.32
***

-o.66
***

-o,67

1 ,00

-0 .13

0.01

-o.52
***

-0.78

-0.05

-0.09

o.27

0.07

-0. 19

***
0.59
***

o.67

.11

.09
***
.77
***
.94

-0 .08

-c.o2
*** ***2t

o.47 0.59 0.50

c

0

0.14

0.03
***

0 .65
***

0.87
*

0. 36

******
0 .63

Total N"

Avail.PO

Avail.P"

Min.NO

Min.N"

Lime
A

Lime
B

BuIk D
A

0.96 0.31
**tk :t*rr ****tr

0.45 0.69 0.53 0.88

r .00

r.00

L

o.4L

o.66 0.13 0.11 -0
*

"40 -o.13 -o.26 -0.08 -0.08 -0.08 -0.19 0.16

n *¡t
1. OO O .32 0 .25 -0.39 -O .r2 0 .O2 -0 .10 0 .23 0 -L7 -O.44 -o.24

* **t tr* ?t2t* *** **tr **Jr
1.00 0 .38 0.65 0.51 0.83 0.79 -0.80 -0.77 -0.87 0.36 0 70

* ?t:t *** *** *** *** *** ,r ***
I.00 0.33

*Cr
o.49 o.67 0"56 0"87 0.86 -O"74 -0.75 0.36 0.68

* ** * * **
1.OO O.37 0.45 0.47 0.37 0.45 -O.20 -0.30 0.28 0.07 0.35

*** ?t *** *
r .00 0 .54 0 .39 0 .52 -o.23 -O.24 -0.05 0.35

*** *** rtrt* ** * *** *r(*
1.OO 0.56 0.78 0.i6 -O.44 -0.40 0 53 0.24 0.6s

0.17 -O.20

c
A

c
B

PH

**
o.47

***
0.93

**:t
0 .53

**ìt
0 .81

**
0.48

**
o.49

0.06 o.ro 3
* *?t * ***

*
-o .27 0 .38 -0. 04

*tt* *** ***
-o .64 0.7I O.2L O .66

*** *** ***
-o .62 0.70 0.25 0 .64

*** *** **
-o.75 -O.57 -0.5r

*** ** **?t
1 .00 -o .70 -0 . 51 -0 .55

*

**
o.43

***
o.62

A

PH
B

***
0.70

Bulk D
B

Leve-]-s of significance; *significant at P = 0"05; **significant at p = O.OI; ***significant at p<O.OI
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There were other outstanding associations namely those between soil

total N and lime, total P, and bulk density (negatively), Iime

correlating sfightly better than the total P (Tables 3.34,8,C). Total P

includes soil organic P which has been reported (Donal.d and Williams

1954) to be correlated with soil organic N in soil organic matter for

the more acid soils in higher rainfall areas and under permanent sub-

terranean clover pastures. Unexpected results were the lack of

correlation between soil total N and available P and soil total N and

% clay.

The leve1 of soil available P refl-ects to a certain extent the

intensity of superphosphate application during the lO-year period

1965-1974. ?\pplication rates of superphosphate were obtained from

farmersr records. The regression of soil available P of the 0-5cm

depth interval on the amounts of superphosphate applied (kg ha-I¡ is

described as follows:

Soil available P (ppm) = O.92 + 0.0537 Superphosphate

2 ***
(R = 33.5% )

For the depth below (5-10cm) the relationship was poor (R
2 *

=99ø).

This may identify a conmon practice in the surVey area of applying

superphosphate in the top 5cm of soil together with cereal seed. From

farmers'information about the cropping history of the different sites,

ít has been esr:ablished that during the period I965-L974 only 7% of

the locat farmers had applied superphosphate to the pasture leys at a

rate approaching th:r. usually applied to cereal crops (i.e., IO0 fg ta-l)

There Ì^/as a high level of intercorrelation among several soil

properties. High to moderate correlations existed between %C and lime
*** *** ***(r ranges from 0.70 to 0.75 ), %C and total P (r ranges from 0.66
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*** *** ***
to 0.68 ), BC and soil pH (r ranges from 0.50 to 0.57 ),Iime

*** ***
and soil pH (r ranges from 0.59 to O.74 ), Iime and total P

*** ***(r ranges from 0.66 to 0.70 ) and negative correlations between

*** lt**
%C and bulk density (r ranges from -0.59 to -0.69 ), lime and bulk

*** ***
density (r ranges from -0.44 to -0.50 ), B clay and bulk density

*** ***(r rarges from -0.30 to -0.57 ).

3.4-5. Association between soil total nitrogen and the average
annual rainfall

The average annual rainfall at the sites sampled, estímated from

the average annual rainfall isohyets presented in Figure 3.1, varied

from 345 mm to 402 rnm. There $¡as a significant positive correlation

between rainfall'and soil total N. The correlation coefficients were

higher for soils under grass-dominant than under medic-dominant pastures

(Tables a.3B and C). As pointed out by Stevenson (1965), the association

between rainfall and soil N accumulation is due to the effect of increas-

Íng rainfall on plant growth and, consequently, the production of larger

quantities of raw material for synthesis of humic substances and

stabilization of soil N.

3.4.6. Interrelationships between soil total nitrogen and
soiÌ, management and climatic factors

Interrelationships between the variables were examined using

principal component analysis. This ordination technique standardizes

all original variables (giving Èhem zero mean and unit variance) and

thus avoids prejudging their relative importance. Although this

analytical nethod merely creates new variables (components) it nay provide

a simple description of the interrelationships betrveen soil total N and

soil, management and environme¡rtal factors and may reveal directly

interesting features of the data.
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In the present study, %C and mineralizable N were not included

in the principal component anal-ysis because they measure almost the

same soil property as soil total N. In addition, only components

having an eigenvalue greater than 1.00 were considereci. That is, only

components accounting for at least the amount of the total varj.ance of

a single variable were treated as significant (NLe et aL,, 1975) .

a) . Under medj-c-clominant pastures

The first 3 principal components accounted for 65.5% of the

variation in the original data and indicated that soil

total N (dominant in the first component), available P (dominant in the

second component) and % clay (dominant in the third component) were the

3 relatively independent soil variables at both depths within the study

area (Table 3.4) . For the g-Scmdepth the first component accounted

for 38 .4"-" of. the variation in the data and was dominated by soil total N,

lime (%CaCO^) and the ASRP. It describes the trend of a high soil N
5

accumulation under a high frequency of medic leys and in soils of high

lime content. This component suggests that lime represents the

solonized brown soils with a high pH and low bulk density. The latter

soil property is related to the role of lime in maintaining aggregate

stability a¡¡d stabilizing soil structure (Greenland 1971). The role

of lime in reducing the leaching of applied phosphate as was suggested

by Russelt (1960) could partly explain the association of total P with

lime and soil total N. AIso, more superphosphate may be needed on hígh

pH soíls. The second principal component whích is orthogonal to the

first accounted. for I4.7>" of the variation in the original data and

describes the variati.on of soil available P. Soil total N (first

componenL) and availabl.e P were thus not associated. This second component

índicates a link between the availability of P in soil and the number of



Table 3.4 Principaì component ana'lysis of the various measured varjables
. relevant to soi'l properties, management practices and environ-

mental conditions (Med'ic-dom'inant pastures : 60 sites).
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0-5cm ì ayer of soi I 5-10cm layer of soil

Element Principal component
r23

3.841 L.472

Principal component
t23

Soil total N

ASRP

Available P

pH

Lime (% caco3)

4

11 .0

.823

.750

- .14I

.631

.836

-.46L

.687

.4 58

-.508

-.199

.006

-.284

.807

-.059

.14 5

.66I

.556

.236

-.1I1

.o2r

- .183

-.o22

.209

.445

.2t7

- .030

.014

-.375

.552

-.811

FYRC

Total P

Annual rainfall

Bulk density

å Clay

Eigenvalue

% of variance

Cumulative
variance %

L4.7

53.1

L.237

L2.4

65 .5

I.O98 3 .549 1. 571 L.427

38.4

L,N

I

35 .5 r5.7 14 .3

76.5 3s .5 5L.2 65 .5

.847

.7s7

-.065

.718

.830

-.49L

.695

.497

-.58I

- ,180

-. 090

-.277

.736

- .091

.110

.649

.474

.264

-.316

.094

.o52

- .050

- .343

.006

-.220

.050

- .153

.505

-.308

.830

-.200

-.310

-.395

.570

.297

.374

.141

.L47

.457

-0 .116

Components with Eigenval-ues < 1.00 are not included
The coefficients within each component represent the contribution from each
of the original variables to that component, and their magnitude and the
sign (of each coefficient) d,etermine the contribution of each original.
variable to the variance of the component.
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years of crop in the period I965-L974. It may identify a farming

practice concerning the applícation of superphosphate irr crop years

only (for when the FYRC was not included in the original variables,

available P d.ominated the second component but was not linkecl with any

other variable except weakly with total P). SoiI analysis for

available P showed that most sites in the survey area had less than

30 ppm P at both depths. This amount has been reported

French et aL., 1l_975) for medics to be a standard l-evel at

which superphosphate addition can be reduced to a maintenance l-evel.

In view of this, the lack of association between soil total N and

available P is surprising, but other hypotheses may be advanced to account

for this result (see Part 5.0).

Surface-soil texture (% clay of the O-10cm layer) dominated the

third principal component which accounted for 72.4% of the variation

in the original data. This component indicates that % clay varied

considera-bIy in the survey area independently of any other measured

variables.

Since the 3 principal components are independent, the second and

third components indicate that available P and ? clay were almost un-

related to soil total N under medic-dominant pastures. The same results

were obtained for the 5-10cm depth interval (Table 3.4). In addition,

component II shows a tendency of available P to be correlated with

total P, whereas component III indicates an inverse relationship between

clay and butk density. The latter component may describe the transi-

tion fron red-brown earths to solonized brown soils with better subsoil

structure and higher soíl pH.
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b). Under qrass-dominant pastures

For the 0-5cm depth interval-, 75eo of the variance in the data

r{las associaced with the first 3 components (Table 3.5). This is

higher than for med.ic-dominant pastures. The first component índi-

cates that soil total N was not associated with the ASRP but with soi-l

physical and chemical properties and average annual rainfall. This

componenÈ suggests that total N in soils of poor legume history and in

a semi-arid. environment is associated with soil structure (more than

with soil texture) and is aLso related to the average annual rainfall.

The combination of good structure and high average annual rainfall may

suggest better water entry into the soil and perhaps also lower losses

of soil N by water erosion and/or denitrification. th: latter process

has been reported (Stefanson and Greenland 1970) to occur at a higher

rate in badly structurea soils when soil water content is maintained

near field capacity. Greenland (1971) reported that fosses of N as

nitrous oxide from soils growing wheat can amounl to 22 Xg tra-l in :

weeks. The association between soil total N and free lime under grass-

dominant pastures may stem from the fact that lime helps to stabilize

humic substances in the form of organo-mineral complexes which become

less prone to oispersion and subsequent removal and l.osses (Stefanson

1965, Greenland 797I). Greenland, Lindstrom and Quirk (L962) reported

that in the lower north of South AustraU-a, soils containing calcium

carbonate have stable aggregates. The high correlation between lime

and organic carbon (r ranges from 0.83*** to 0.86***) suggests that

lime promoÈes the accumulation of organic carbon which in turn stabilizes

soil N. The second component describes the variation in the FYRC and

(negatively) of the ASRP which are associated with soil total P and

reflects the almost exclusive use of superyhosphate in crop years only,
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Pnincipal component ana'lysis of the various measured variables
relevant to soil properties, management practices and environ-
mental conditions (Grass-dominant pastures : 35 sites).

0-5cm I of soi l 5-10cm l f oilr

Tabl e 3.5

Element

SoiI total N

ASRP

Available P

pH

Lime (%caco^)
J

FYRC

Total- P

Annual rainfal-I

BuIk density

% CIay

Eigenvalue

% of variance

Cumulative ?

Principal component
L23

Principal component
L23

.970

. r4t_

.344

.563

.87 4

-.062

.885

.7 43

-.830

.4r2

.03 6

-.869

.254

-.L47

.1r3

.893

.089

-.L37

- .040

.o76

I6

60

.00r

-.r57

-.568

.659

.264

.190

-.181

.239

,226

-.494

4

-.o22

.243

.647

.103

-.04r

.113

.254

-.o32

.209

-.675

4.359

43.6

43 "6

12.7

73.2

r0 .7

83.8

I.687 L.27I 1.068

9

5

Components with Eigenvalues < 1.00 are not included

The coefficients within each component represent the contribution from each
of the original variables to that component, and their magnitude and the
sign (of each coefficient) determine the contribution of each original
variable to the variance of the component.

4.242 t.787 L.46L

60.3 74.9

L7 .9 L4.642.4

42.4

.79r

.113

.o47

.7 88

.883

-.r34

.848

.776

-.819

.435

.o74

-,737

.600

-.o20

.036

.882

. iss

- .189

-.019

.r57

-.o27

.484

.680

-.445

-.232

-.256

.252

-.297

-.359

.407
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where pastures are grass-dominated. The third component which accounted

for 14.6% of the variation in the ciata was dominated by available P

corroborating the non-association between soil total N and available P

for¡nd under med.ic-domínant pastures.

3.4.7 Variables in the environment associated with soil ni n
accumula on in absence and presence of free lime in the
surface lOcrn of soil

The 95 pasture sites faII into 4 major subdivisions:

Medic-dominant pastures Grass-dominant tures

of No. of Total N 9o

sites Toral N (%)
** "r-ta=A B A

Sites without
Iime
Sites with lime

23 0.141 0.090 22 0.110 0.o72

37 0.180 0.r24 l_3 0.145 0.137

*
A is the 0-5cm depth interval and B is the layer below (5-I0cm)

a) In the sence of free fime

Under medic-dominant pastures, The first principal component

which accounted for 3I.5% of the variation in the data (Tab1e 3.6) shows

soil total N posítiveiy associated with the ASRP and negatively associated

with available P and FYRC and to a lesser extent with total P. This

component may identify the top (O-Scm) surface soil of the red-brown

earths with a high bulk density and a low pH due to light texture (sandy

loam). In this badly structured surface soil which often sets hard'

soil total N increases with increasing nunùcer of pasture leys in the

rotation. The second component which is orthogonal to the first

suggests tha.t in the absence of lime, soil total P and soil total N tend

to be not correlated. The interdependence of soíl total P and eó clay

in absence of lime may identify the need of a stabilizing agent for the

NO

B
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Principal component ana'lysis of the various measured variables
relevant to soil propertìes, management practices and environ-
mental conditions (Medic-dominant pastures : no lime).

0-5cm I er of soil 5-10cm I er of soi I

Tabl e 3.6

Element

Soil total N

ASRP

Available P

pH

Lime (%caco3)

FYRC

Tota1 P

Annua1 rainfall

BuIk density

å CIay

Eigenvalue

% of variance

Cumulative s"

Principal component
r.23

-.4L7

-.747

.892

-,239

- .000

"772

.636

-.246

-.t40

-.043

.745

.045

-.0r5

-.44r

-.000

-.088

.539

.319

-.64L

.7 57

.323

-.043

.L22

.476

.000

.38I

.o74

.681

.459

.056

4

. I31

.494

.243

.406

.000

-.015

.344

-.055

-.431

- .507

2 .667 2.r40 1.L75 I .050

29.6

29.6

23.8 13.r 11.7

53.4 66.5 78.r

Components with Eigenvalues < 1.00 are not included-

The coefficients within each component represent the cont.ribution from each
of the original variables to that conçonent, and their magnitude and the
sign (of each coefficient) determine the contribution of each original
variable to the variance of the component.

The nurnber of sites with no lime in the 0-5cm and 5-I0cm depÈh interval-s
is 23.

2.83L 2.LO4 I .349

3I.5 23.4 15.O

31.5 54.8 69.8

.878

.64L

-,564

.490

.000

-. 688

-.376

.434

-.344

.4r2

.292

-.28L

.364

-.150

.000

.308

.739

.397

-.789

.603

.117

.591

.622

-.273

.000

-.23L

.189

.338

-.004

-.567

Principal component
r23
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retention of phosphorus in the surface IOcm of soil. The third

component describes the association of available P ancl ASRP and may

identify farms i¡ more easterly parts of the survey area urhere some

farmers use medics for seed production a¡rd therefore topdress medic

pastures regular1Y.

fn the S-lOcm depth interval and in absence of lime soil total

N shifts from component f to component II to be associated. with soil

texture (% clay) and soil structure (negative bulk density). Inter-

pretation of the third and. fourth components was more difficul-t and

therefore considered of dor:btful value in view of the small amount of

variation with which they are associated. The third component represents

largely annual tainfall and. surprisingly this variable is not strongly

associated with anything e]se. In shorÈ, for lime-free medic-dominant

pastures, soil total N accumulation in the top surface soil layer was

associated with the ASRp whereas in the depth below (5-10cm) the accumu'-

Iation of soil N was related to % clay and butk density (negatively).

Under grass-dominant pastures the absence of iime in 0-5cm depth

interval revealed a tendency of soil total N to be associated with soil

total P (Table 3.7, Component I) h¡hereas the ASRP and soil pH (in

component II and III) were dissociated from soil total N variaÈion'

The first component which accounted fot 37.5% of the variation in the

original data indicates that. in absence of lime the retentio" of U

compound.s in the soil depends upon soil structure and % clay. Many

studies in the liÈerature (e-g., Stevenson 1965' Bremner 1965) reported

an increase in soil total N with a decrease in particle size (fine clay).

lhe association between soil total N and B clay in abserrce of lime may

reflect the stabiLrzíng effect of ctay on soil organic matter' Probably
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Tabl e 3.7 Principa'l component ana'lysis of the various measured variables
rel evant to sôi I propert'i es , management practi ces and env'i ron-
mental cond'itions' (Gi^ass-dom'inant-pastures : no I ime) .

0-5cm laver of soil 5-10cm la.yer of soil

.l-2r

.676

-.681

.46t

- .000

-.649

-.242

.548

.o82

-,253

.130

-.422

-.166

.709

-.000

.530

.160

.435

.L29

.143.745

-.8r7

-0.380

- .000

.0 96

.374

.887

279

860

501

Element

Soil total N

ASRP

Available P

pH

Lime (% caco3)

FYRC

Total P

Annual rainfall

Bulk density

e" clay

EigenvaJ-ue

% variance

Cumulated. B

Principal component
I23

Principal component
I23

.89I

. I93

.382

-.284

- .000

-.293

.83 3

.3L2

-. 8r1

.ao4

.097

.861

-. 55r

" 
554

-.000

-.70r

-.065

.3I9

.045

-.L24

.185

-.13s

-.354

.687

.000

.54r

.227

-. 173

- .065

.206

3.37L r.998 L.259 3.244 L.975 1.071

37 .5 22.2 14.0 36 .0 2r.9 rl .9

37 ,5 59.7 73,6 36 .0 58. O 69 .9

Components with Eigenvalues < 1.00 are not included.

The coefficients within each component represent the contribution from each

of the originat variables to that component, and their magnitude and the
sign (of each coefficient) determine the contribution of each original
variable to the variance of the component.

The number of sites with no lime in the O-5cm and S-lOcm depth intervals
ís 22.
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component I reflects a higher N accunulation in better-structure<f

soils with higher ciay contents because of the greater rainfall accepl-ance

by these soils and the better water retention in the surface soil.

Texture und.oubtedly influences the tendency of the red-brown earths to

form surface crusts restrictive to seedling emergence and plant growth,

and ultimately influences the organic matter entering the soit and the

N held in the surface layers of the red-brown earths. The association

between soil total N and total P in lime-free soils under lrass-dominant

pastures could be lir¡lced with the association of the covariates % clay

and % C with soil total P.

Similar results were obtained for the 5-10cm layer of soil.

b) fn the presence of lime

Under medic-dominant pastures. Principal component analysis

(Table 3.8) suggests that the results obtained for all medic sites

(Tabfe 3.4) were dominated by those of sites containing lime. Indeed,

where lime was present under medic-dominant pastures, soil total N at

both depths was strongly associated with the ASRP and strongly separated

from % clay and available P. Lime was more closely associated with

soil total N, presumably through medic growth, nodulation and Nr-fixation,,

than was soil pH which in fact varied within only a small range at both

depths. The lack of association between soil total N and B clay in

presence of lime may suggest that lime rvas the predominant factor re-

Iated to soil physical conditions whereas in the red-brown earths (lime-

free soils) % clay dominated soil condition. The method used for clay

determination (no pre-treatment with acid to remove calcium carbonate)

can be expected to give a lower recovery of clay in soils containing lime.

Ilowever, according to Northcote (personal communication) the amount of

clay not accounted for in presence of lime should be very low.



Tabl e 3.8

Element

Soil total N

ASRP

Availab1e P

pH

Lime (e" caco3)

FYRC

Total P

Annual rainfall

Bulk density

% Clay

Eigenvalue

ts variance

Cumulative å

96

0-5cm I er of soi l
erincipal component

L23

5-10cm l of soì 1

Principal component
234

Principal component analysis of the various measured Varjables
rel evai'lt to soi I propert'ies , management practi ces and envi ron-
mental condit'ions (Ne¿ic-dominant pastures : with 0.1% linte,
or more).

I4

.620

.744

.L43

.38r

.578

-.42A

.525

.490

-.580

. I98

.110

-. 210

-.l-82

-.405

-.307

.608

.108

.524

-.46I

.631

- .191

-.r97

.8I8

-.105

.248

.366

.647

.1r0

.305

-.o75

.336

-.397

-.L72

.668

.262

.340

-.187

.275

.330

.o32

2.747 I.722

27.5 17.2

27 "5 44.7 59 .3 69 .9

L.456 1..063 2.5L2, 1.613 r.480 L.L52

14 .6 10 .6 25.L 16.1 r4.8 11.s

25 .L 4r.3 56.1 67 .6

Components wúth Eigenvalues < 1.00 are not inul.uded.

The coefficients within each component represent the contribution from each of
the original variables to that component, and their magnitu<le and the sign
(of each coefficient) determine tl:e contribution of each original variable to
the variance of the component.

The number of sites witkr O.I% Iime or more in the 0-5cm and S-lOcrn depth
intervals is 37.

.784

.787

.238

.L32

.594

-.477

. s63

.37r

-.63r

-.078

-.223

-.169

-.036

.630

.334

.505

.329

.637

. 160

.583

- .050

-.284

.820

_.466

.017

.507

.369

- ;080

-.2A5

-0 .037

.0r4

-.L37

.I27

.235

.569

-.085

.254

-.508

.502

-.260
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Under grass-dominant pasÈures. SoiL total N at both depths

was closely associated with the average annual rainfall, lime and

totaL P (Tab1e 3.9). The association of high lirne, high total P anci

high average annual rainfall may be identified with the growth of

grasses and consequently with enhanced soil organic carbon. As a

result the C/N rat-io of soil organic matter would be high,protecting

soil- total N from rapid mineralization and subsequent denitrification.

The close association between lime and total P under each cate-

gory of pasture may identify a virgin relationship between these two

soil variables, that is, a natural feature of soils containing lime.

Diagram 3.1 summarizes the interreiations between soil total N of

solonized brown boils and the measr:red variables and like1y ntechanisms

involved.

ADVANTAGES AND DISADVANTAGES OF TI¡E SUR\EY

The a<lvantages are:

(í)

(ii-)

(iii)

(iv)

this survey allows assessment and comparison of the levels of

soil total N under real farm conditions and farmers' practices.

It permitted inclusion of many variables relevant to soil pro-

perties, management practices and. climate which could not be

possible in a fiell experiment.

It provided relatively rapi<l data concerning the factors in the

environment associateo with soil N accumulation u¡rder farm

conditions.

The srrrvey permitteci idenÈification of certain factors that warrant

detaiied erçerimental investigations. Field experiments should

follow such surveys in whi.ch a preliminary scanning of factors

is made and hypotheses generated which can be tested in formal
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Tabl e 3.9 Principal component analysis of the various measuredvariables
reìevaht to sôit propertìes, managanent practices and env'iron-
mental conditions'(Grass-dominant pastures : with 0.1% lime
or more).

0-5cm I ayer of soi l 5-10cm I ayer of soi I

Element

SoiI total N

ASRP

evailable P

pH

Lime (% caco3)

FYRC

Itotal P

Ar¡nual rainfall

Bulk density

* Clay

Eigenvalue

* variance

Cumulative Ê

Principal component

r23
Principal component

r23
.947

.523

.651

.665

.839

-. L17

.865

.75r

-.725

-.545

.111

-.648

.302

-.I22

.I30

.946

.238

-.2a6

-.084

-.t25

.086

.45t

.391

-.245

-.L44

. o53

.t77

-.435

-.405

.745

3 .802 2.304

38.0 23 .O

38.0 61.1

r.954

19 .5

80.6

4.889

48.9

48.9

L.612 1.392

16.1 13.9

65.O 78.9

.669

.330

.184

.597

.893

-.2r8

.763

.899

- .393

-.681

.630

-.776

-.2L4

.380

-.o79

.379

- .338

.043

.784

-.482

.083

- .300

.a79

-.265

-.o47

.854

.440

-.193

-.227

-.o24

.Components with Eigenvalues j 1.00 are not included.

The coefficients within each component represent the contribution from

each of the original variables tã that component, and their magnitude and

the sign (of each coefficient) determine the contribution of each original
variable to the variance of the component.

The number of sites with 0.1% lime or more in the O-5cm arrd 5-I0cm depth

intervals is 13.
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experiment. The higher build-up of soil N under medic-

dominant than under grass-dominant pastures suggests further

investigation of the possible relationship beÈween N inputs and

med.ic density. Part 4.0 of the present study looks at the

variation in N^-fixation by barrel medic induced by various
¿

medic sowing densities under field conditions. In part 5.0

the lack of association between soil total N and available P is

investigated using a glasshouse experiment.

The disadvantages are:

The survey describes the association between the measureci

variables but does not provide proof of the causative system

unoerlying these associations.

The survey could mislead if important variables are r¡ot chosen.

This survey showed that the botanical composition of the pasture,

the cropping rotational system, seasonal rainfall and soil pro-

perties were important factors to co¡rsider in'relation to soil N

accumulation. Surveys such as this emphasize the need to

include in the study as many variables as possible.

the disadvantages specific to this survey consisted of the unknown

soil N background prior to 1.965 and the need for good farm records.

"ì"Reification of the survey results may be difficutt.

3.6 SUMMARY

Tfie field survey covered a wide range of variation in soil total

N and other measured variables. Simple regression analysis of soil

total I,í on the number of years of med.ic pastures in,ficated that soil

total N hras associated \^lith the FYRP
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Calculation of the amounts of N fixed. in one season by a rnedic

pasture showed large differences betv¡een seasons and ranged j-n the

O-lOcm depth interval from ilO kg ha-I N per year in a dry season

(124 mm seasorial rainfall) to 3rlO tg f,a-I N per year in a very good

season (353 mm seasonal rainfall), with an overafl average of 200 kg

-lha - N per year. These estimates of N increment rrnder medic-dominant

pastures derived from a stucìy of farmersr fiefds under semi-arid con-

ditions are the first of their kind reported in Australianliterature.

Solonized brown soils have higher nean soil total N levels than

do the red-brorvn earths, but linear regressions of soil total N (0-5cm

depth interval) on .A*SRP suggest that, under medic-dorúnant pastures'

the rate of N accunulation is higher in the red-brown earths. Under

grass-dominant pastures, there \^ras a low average annual increment

of soit N (approximately 20 t<g ha-l tt) in the surface 5cm of the red-

brown earths.

Ordination by principal componerit analysis showed that, 45 to

79eø of the variation in total N in the soil in the survey area $/as

associated positively with the ASRP, lime, total- P and negatively with

butk density in the solonized brown soils, whereas in the red-brown earths

t clay was also imporÈant. In both soíl types total N varied in-

depenclently from soil- available P which was strongly associated with

the nunrlcer of years of crop. This is consistent with the results of

the cropping history survey which revealed that superphosphate is

generally applied to cereal crops only.

Soit factors were generally more closely associated with soil

total- N under grass- than under medic-dorn-inant pastures.
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CONCLUSION

The soil,fertility survey provided estimates of the annual in-

crements of soil total N u¡der medics and different rotatioils as

practiced under real farm conditions. A major problem in determining

the trend of variaÈion of soil total N with time was the unknown soil

total N in 1965. However, the magnitude of the average annual in-

crements in soil N under medic-dominant pastures denotes a rapid

accumulation of soil N and suggests that soils in the study area are

not approaching a steady-state condition. Ordination of the data by

principal component anallysis indicated how soil N accumulation varied

in the survey area, and identified many aspects of the data that might

be the subject o.f more intensive study. The results suggest that

further surveys are needed to fill the gaps in our knowledge concerning

the long-term trend of soil N accumulation under medics in relation to

the current level of soil total N (1974) and to pasture management,

namely grazi-ng intensity or stocking rate, superphosphate application,

and possible changes in the botanical composition of pasture.



4.0 THE FIELD EXPERIMENT
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4.0 Effect of lant a and sowi n dens i on ac lene reduction
act V La at two eren ates sowl n

4.L INTRODUCTION

The field survey (1974) showed that high N status of soil was

associated with a high proportion of medics in the pasture phase in 1974.

Although the survey did not include detailed estimation of medic popula-

tion at sampling, the hypothesis generated from the survey results for

soil total N is that the higher the med,ic population per unit area the

higher the inputs of N into the soils. So far no studies have been

made with medics of the variation in Nr-fixation associated with various

sowing densities. Most studies on Nr-fixation by _legume-based pastures

have concerned the estimation of annual increment of soil N under

different growth. conditions and management practices. There are a

few papers on the rate of Nr-fixation by self-regenerating legume pastures

throughout a life cycle of the plant (Brock L973t Sinclair L974,

Halliday and Pate l976), but these have involved clovers in pure stand.s

or rnixed with grasses. So far no such studies have been made with

medics.. Since in South Australia medics are used in ley farming

systems for improving soil N and providing green fodder to grazíng

animals, more successful use of medic pastures for both purposes can

result from knowing:

- Firstly, the effect of plant density on the rate of Nr-fixation.

- Secondly, the nature of variation in the rate of N.-fixation by

medics during the growinn =.."oì.

A field experiment was conducted, to test the hypothesis that Nr-

fixation rate in barrel medic is a function of plant density per unit

area, and to examine the variation in Nr-fixation at several stages in

the life cycle of the plant. Nitrogen fi:<ation was estimated by the

acetylene reduction assay.
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4.2 METHODS AND MATERIALS

Desi and treatments

A randomized block design experiment with four replications was

set out at the Waite Agricultural Research Institute. Each replicate

consisted of 16 plots. The treatments hrere:

(a)

(b)

Sowing densities: Seed \¡/as sown at I different densities, both

greater a¡rd less than those normally found in practice under

field conditions, (viz¿ O, 1, 5, 20, 50' 1oo, 500, 1OOO kg ha-I

seed) .

Sowing dates: April 4 and raay 20, 1975.

Legume species z Medíca.go trt¿Ttcatula cv. Jemalong was used in

both early and late sowing date.

Jemalong is referred to simply as medic.

E stal¡lishment of the experiment

The soil of the experimental area was Urrbrae loam classified as

a red-brown earth (Dr 2.23 Northcote 1971) which ís acid in the surface

horizon (pH 5.5 - 6.0) and alkaline at depth. The amount of total N

measured in the O-lOcm depth interval of soil of the different repli-

cations \{as as follows:

RepI ication No. SoiI total N (%)

I
II
III
IV

A basal application of 227 kg ina-I

wasmade at sowing time.

o.I2
0.13

o.L2

0.11

-1of superphosphate (i.e-' 5O kg ha P)

lþdic seed was broadcast on a 4.5m x 2m plot which was allocated

at random to a treatment within each replication. Atl seed was inoculated
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with the commercial Rhizobium meliloti (Strain U45) and mixed with the

standard rate of superphosphate before broadcasting. To facilitate

the distribution of seed and superphosphate over the whole plot area'

a slightly humid sand was added to Èhe mixture before sowing.

The experiment rÀras run joinÈly with Adem (,J-977) who studied the

effects of seed rates and sowing date on medic Arowth and yield.

Measurements of shoot dry maÈter and plant population lûere made by Adem

and have been used for the interpretation of data obtained from AR assays.

Measurements

Plants were harvested and N-ase activity was meastrred several

times during the season at approximately 28 day intervats (Table 4.1).

For the early 
"otrnn 

treatments, 7 samplings \¡teïe made throughouÈ the

growing period whereas only 6 samplings were done on the late sown plants

at the same time interval (Table 4.f). It should be noted that after

the second date, both early and laÈe sowinggh¡ere sampled during the

same day. On each of these days harvesting and soil sampling started

at 11.30 and were finished at 15.30 h.

At each sampling, the number of plants in each plot was corrnted

and all herbage from the same plot was cut manually at ground level.

Inunediately after the medic had been harvested, 5 soil cores (5cm in

diameter and lO.cm in depth) were taken from each plot and N-ase activity

of root nodule bacteria was measured by ì* "==." 
folÌowing the method

described later in section 4.3. The interval between removal of plant

tops and introduction of soil cores into Èhe assay incubation jar was

about 5 rninutes.

Soil temperatures $rere recorded twice, 4 h apart on each sampling

date at 2 <lifferent clepths (2.5cm and l-Scm) (Tab].e 4-2) -



Table 4.1
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Dates on which plant dry matter and acetylene reduction
measurements were made in the fieìd experiment.

Davs from sowing
Date (1975) Early sowing Late sowing

29-5

25-6

21-7

2I-8
18-9

15-10

12-11

55

82

L10

139

t67

194

222

35

63

92

L20

L47

175



Table 4.2
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Soil temperature and rainfall recorded atlor
between sampìing periods (1975).

Sarnpling
date

Time Soil temperature (oc)
at depth

2.5 cm 15 cm
n

Rainfall (nun)

from previous
sampling

29-5

25-6

23-7

2L-8

t8-9

15-10

12-11

11. 30

15.30

11. 30

15. 30

11.30.

15.30.

11. 30

15. 30

11.30

15.30

11.30 ,

15. 30.

24

22

15

18

110 (from t *t)

18

19

11

T4

12

L4

13

L4

16

18

18

2l
l2

98

73

45

85

70

11.30

15. 30

18

T7

23

18

2I
24

34

40

L7

t8

20

26
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4.3 PRELIMINARY IN\ÆSTTGATION WTTH TTTE ACETYI,ENE REDUCTTON ASSAY

4.3.1 Incubation technique assessed in the field

Soils were incubated in 2.2 Li.Lre glass jars having a rubber-Iined

screw-type lid of which a small section \^¡as removed exposing the rubber

seal. Each jar was labelled with arr appropriate nurnber corresponding

to the different plots and treatments. About 0.1 atmosphere of

acetylene was used for the incubation of soil cores in presence of air.

following this procedure. once the soil cores (5) were in place in

the incubation jar, a wide-mouthed glass vial containing O.89 of calcium

carbide was introduced. into the jar which was immediately sealed.. After

removing 10% of the volume of air present in the jar by means of syringe

(p1ate 4.I), 10 ml of de-ionized. water were added by another syringe to

the vial- containing tåe calcium carbide (CaCr). The volume of acetylene

evolved from the reaction of CaC, and water was equivalent to the volume

of air renr¡ved previously. From then the time was recorded and the jar

put into an insulated box and carried to the laboratory where ambient

temperature \^ras about 2OoC.

4.3.2 Length of incubation period.

As we were interested in the rate of Nr-fixation operating in the

plant at time of harvest, !'re assayed several incr:bation periods using

different sward,s of med.ic gronn on Urrbrae loam. Figure 4.la indicates

that as the time of incubation increased, the rate of AR d.ecreased.

Measurements of the ethylene (c2H4) produced at several times during

a 24 h period revealed that after 4 h the rate of AR approached zero.

During the firsi 40 minutes of incubation the rate was constant

(Figure 4.1b). Acordingly a 30 minute incubation period was used in

the main study.



Plate 4.1:
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Incubation of soil cores in presence of acetylene
generated from the reaction of water and calcium
carbide. Operations were carrÍed out in the field
with a minimum of disturbance of soi'l cores prior
to incubation.
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Figure 4.1 Acetyìene reduction in so'il cores from the fíeld
experiment on Urrbrae loam as a function of time
of incubation.

(a)

(b)

ArBrC

Acetylene reduction recorded over long time intervals

AceÈylene reduction recorded over short time intervals

represent various medic densitíes from the same field
experiment.
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4.3.3 Acetylene reduction measurements

At the end of the incubation period., O.5 mI of gas sample was

withdrawn from the jar with a ne\.v syringe and needre and introduced

into a Varian Aeorograph series 940 gas chromatograph fitted with a

frame ionization detector and a porapak R corumn. The crHn in the

sample was deterrn-ined on the basis of recorder peak heights in comparison

to C2H4 stand.ards, and the C2H4 in the incubation chamber calculated

from the volumetric relationships involved..

4.4. RESULTS

4.4.I Variation in acetylene reduction activitv with sowinq densitv

The results for the early sowing date indicated that there were 3

different aspects of variation of AR activity of soil cores with sowing

densities (Figure 4.2, Appendix II.1).

- During Èhe vegetative period of plant growth (i.e., B, 12 and

16 weeks from sowing) AR activity increased with increasing

medic sowing densities.

- At the pod setting and podfilting stages (i.e., 20 and 24 weeks

AR activity tended not to vary according to the sowing density

but showed peculiar variations at poilfilling stage.

- Towards maturity (i.e., 28 and, 32 weeks), AR activity was

slightly higher at the low densities than at the medium or high

ones. For the first 3 harvests, .analysis of variance

(Appendix II.1) showed a sigmificant effect of sowing density

on AR activity of soil cores but for the subseguent 4 harvests

the effect of sowing density on AR activity of soil cores did

not reach the significance level of P = 0.05.

Over all sampling tj:nes, there was a significant effect of sowing density

on AR activity of medic nodule bacteria (Appendix II.l.).
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Figure 4.2 Variation in acetylene reduction activity in soil
cores at the various medic sowing densities
(early sowing date)

O - Acetylere red.uction (ug *it-I cm-3 soil)

O - Shoot dry weight ts *-2)

8, !2, J-:6, 20, 24, 28, 32 - teptesent weeks from sowing'
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For the late sowing date, over the first 5 harvests mean rates

of AR activity increased steadily from low to high densities with the

exception of a marked depression at harvest 3, the result' probably'

of a temporary water stress (Figure 4.3). Except for the first and

second harvest significant effects of sowing density on AR activity

of soil cores were shown by analysis of variance for each harvest

(Appendix II .2). The main effect of sowing d.ensities across all times

was highly significant.

The variation in AR activity with sowing density was almosÈ

parallel to Èhe variation in shoot dry matter production by the various

med,ic sowing densities (Figure 4.2'). AR activity of soil cores \^¡as

better correlated with the weight of dry matter present at the time of

harvest during the vegetative period of plant growth than after

flowering (Table 4.3a). AR activity slowed down when growth had

ceased at medium and high densities a¡td became greater at the low

densities where sward.s were still growing (Figure 4.21. The same

association between AR activity and shoot dry matter per unit area h¡as

observed in the late sov¡n plants (Figure 4.3' Table 4-3b) -

4.4.2 Yariation in acetvlene reduction activity with plant age

were 2

(i)

(ii)

For the early sowing date and for alt sowing densities there

contrasting patterns in AR activity. as the plants developed:

During the vegetative phase of development, AR activity of soil

cores at each sowing density increased with time from sowing

to reach a maximum rate of AR activity at flowering, that is,

at 16 h¡eeks from sowing (Figure 4.4).

During the post-flowering phase there was a decline in AR activity

at all sowing densities, but the decline vras sharper at the high
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Figure 4.3 Variation in acetylene reduction activity in soil
cores at the various medic sowing densities
(late sowing date)

o -1 -3cm soil)

o

Acetylene reduction (Ug min

Shoot dry weight (S *-2)

5,91 13, 17, 2:..r 25 - represent weeks from sowing.
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Coefficients of correlation between acety'lene reduction
rates of soil cores and pìant growth parameters.

Table 4.3

(a) Early sowing date

Age of plants
in weeks

Shoot dry weight Plant population Relative growth rate

8

12

16

20

24

28

32

.64

.a7

.46

.62

.47

.47

.50

**
***
*

**
*

*

*

***
.75

***
.80

*
.58

*
.53

.31 NS

.21 NS

.18 NS

**
-.56
-.23 NS

-.23 NS

-.0.2 NS

-.09 NS

.31 NS

.21 NS

(b) Late sowing date

5

9

13

t7
2t
25

*
.42

***
.65

**
.60

***
.74

*
.50

.I4 NS

.25 NS

.58

.68

.59

.46

.47

**
*

**
*

*

-.19 NS
**

-.56
.11 s's

-.48 NS

-.16 NS

Level of significance: * significant at-P = O.O5
** significant at P = 0.01

*** significant at P = 0.001
NS non significant at P = 0.05
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Figure 4.4 Dependence of acetylene reduction activity in.soil
cores on plant age.
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densities than at the fower ones. The low d.ensities (1' 5 and

-l10 kq ha -) had higher AR activity at the end than at tLre be-

ginning of the growing season whereas the opposite was true of

the high sowing densities.

The effect of plant age on the relationship between AR activity

and sowing density is summarized in Figure 4.5 where the slopes of

simple regressions of mean rates of AR activity on sowinq densities for

each harvest $¡ere plotted versus time. This figure emphasizes that

AR activity of soil cores increased in relation to sowing densities from

sowing to flowering. The relationship then decreased steeply to almost

zero and ít then reversed as the plants matured.

For the late sowing date the same pattern of variation of AR

activiÈy with plant age was observed (Figiure 4.6) - At fuII flowering

(17 weeks from sowing) a sharp increase in AR activity of soil cores

occurred at all sowing densities. At 21 weeks from sowing (podfillinq

stage) the mean raÈes of AR activity declined again with the exception

t) where one of the replicates had a much

-3
cm soil) than the other rePlicates.

of sowi¡g density G (500 kg ha

higher AR activity (47 Vg *irr-l

Irrespective of sowing date, the post-flowering decline in AR

activity coincided with a sharp decrease in plant population mainly at

the medium and high sowing densities (Figures 4.4 and 4.6). In contrast

there was only a small variation in pf"ni population at the low densities-

The relations between AR activity, shoot dry weight and plant

nurnlcer per gnit area in the pre-flowering and post-flowering periods

were examined using simple regression analysis. For the early sowing

date, the regression of AR activity on shoot dry weight for the pre-

flowering period is described by the equatíon:
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Figure 4.5 Slope of the regression of mean acetylene
reduction activity on sowing density as a
function of p'lant age (ear1y sowing date).
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Figure 4.6 Dependence of acetylene reductÍon activity in soil
cores on pìant age (late sowing date).
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2
R

***
AR activity rate = -1.24 + 0.041 shoot dry weight (

AR activity rate = 1pg min-l cm-3 soil)

shoot dry weight = (S *-2)

= 54%

For the post-flowering period the regression htas not significant at
)p = O.O5 (n- ; O.1I%). On the other hand, the association between AR

activity and plant poputation per unit area was not significant for the

pre-flowering period (R2 = 2%), but was significant for the post-flowering

period although the coefficient of determination was still low:

AR activity rate = -Q.49 + O.18 Flant population

AR activity rate = (ug *i.-1 cm-3 soil)

plant population = (^-2 ).

) :rt**
(R- = 30% )

The R2 is low because one density (F = lOO rg na-l) seems anomalous.

Similar results were obtainecl for the late sown plants htith the
t **t*

same R' (53a '---¡ for the relation between AR activity and shoot dry weight

at the vegetative period of plant growth (up to 17 weeks from sowing),

and with a better R2 152r.***¡ for the relation between AR activity and

plant population at tJ.e post-flowering period-

4.5. DISCUSSION

The preliminary i:rvestigation showed that the rate of AR activity

of soil cores was linear with time for incubation up to 30 min. for

medics (cv. Jemalong) as for other speciLs (nardy et aL., 1968; Dalton

and Naylor, Lg75), after which presumably roots run out of their store of

carbohydrates. Incr:bation of soil cores can give rise to errors stemming

from the spatiat variability of legume pasture growth (Sinclair.

Hannagan and Risk 1976) and from soit sampling dept-h which should be ad-

justed to reach the zone of maximum nodule depth.'
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Although the present study deals merely with the instantaneous

rate of AR rather than with nett seasonal inputs of nitrogen into the

soil, the average rates of the activity by soil cores over the whole

season and at .all sowing densities (Appendix TI. 3arb) tended to

support the hypothesis advanced, namely that higher inputs of N occur

under high medic densities than under low medic densities. However,

there was a superimposed effect of age of plants on the rate of AR

activity by the various sowing densities which led towards the end of

the season to a change in the relationship between sowing densities

and the rates of AR activity of soil sores. But rates of AR activity

of soil cores declined at all sowing densities after flowering, so that

over all timesr-med.ium and high densities had higher average rates of

AR activity than low densities. These responses must be viewed against
a relatively high background AR activity due presumalrly to free-
Iiving microorganisms (zero medic density).

The increase in the rates of AR activity by soil cores at all

sowing densities during the vegetative period of plant development (i.e.,

from sowing to flowering) probably reflects the increase in nodule

number per unit area at each density and the increase in the supply of

carbohydrates from developing shoots. The slight decrease in AR activity

observed under all densities at 12 weeks from (early) sowing probably

was due to water stress as a result of a dry spell between sampling 1

and samplíng 2 (Table 4.2). This decrease in AR activity would seem

to support the results of the soil fertifity survey which indicated a

lower soil N accumulation in a dry season.

The higher AR activity at the medium and high sowing densities

observed during the vegetative period of plant growth is associated with

increased leaf area index and probable increases in nurnber of nodules

per unit area at these densities. At the early stage of plant growth
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during which the rate of photosynthesis increased linearly with the

leaf area index up to a ceiling value (7 for subterranean clover accord-

ing to Silsbury and I'ukai I 1977) the increased rate of AR activity

can probably be explained by a greater supply of carbohydrates to the

associated bacteria at the higher leaf area index at the medium and

high sowing densities.

In the present study, the sharp decrease in AR activiÈy recorded

aE 20 weeks from sowing in the early sown plots was perhaps accentuated

by wet soil conditions and overcast weather at the time of sampling.

This is supporEed. by the same decrease observed. under the control (O kg ha-l

sowing density) and by a similar decrease in AR activity of soil

cores from the late sown plots which had not reached flowering at that

date (13 weeks from sowing). However, AR activity of the late sown

plots increased again at the next sampting date whereas AR activity of

ttre early sown plots continued to decrease confirming the general decline

in AR activity which starbed after flowering.

The post-flowering decline in AR activity observed at all sowing

densities of medíc agrees with that reported for pea (Pisun satit;um)

(La Rue and Kurz, 1973) and for soybean (Lawn and Brun, 1974) although

for soybea¡r the decline started a little later (at the early podfilling

stage). This post-flowering dectine in AR activity of certain legumes

has been attributed to several factors. - Bond (1936) suggested that

the efficiency of Nr-fixation (i.e., the ratio of N, fixed to the dry

weight of nodules) decreased with age because of the supply of carbo-

hydrates per bacterium decreased or the number of inactive cells increased..

Pate (1958a,b) observed that plant flowering (Piswn aîDense L. and

Vieía satipa ¡,.) occasioned heavy losses in nodule number a¡rd total nodule
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hteight and promoted emptying of the nodules. Lawn and Brun (1974),

using treatments designed to alter the photosynthate supply to the

nodules conclud.ed that there was a limitation to slanbiotic Nr-fixation

by competition for photosynthates from developing pods of soybeans.

For medics, ttre post-flowering decline in AR activity of soil cores

at all sowing densities was found to be slightly correlated with a

decrease in plant population per rrnit area. The continual increase

in shoot dry matter beyond flowering was d.ominantly due to filling of

medic pods which competed with root nodules for the available carbo-

hydrates.

Interpretation of the results of the experiment is clarified if

AR activity is expressed on a per plant basis. At each harvest, AR

activity per plant was higher where plant population was lower

(Figures 4.7; 4.8). This negative association was found to be highly

significant throughout the growing season (Tables 4.4a,b). During

the vegetative period of plant growth and at both early and late sowing

dates, AR activity per plaat at aII densities increased steadily' whereas

beyond flowering the rate of AR per plant tended to decrease or remain

constant depending on the sowing density. The reduction in plant

population per unit area at each harvest tended to be associated with

an increase in plant relative growth rate. Thus, the results suggest

that during the pre-flowering period the decrease in plant population

resulted in better growth of individìal "plants owing to less competition

for light, $rater and nutrients, and led to a higher supply of carbo-

hydrates to nodule bacteria which íncreased their rate of AR. After

flowering, the decrease in plant population \¡/as not supported by a high

supply of carbohydrates to ttre nodules because of the formation of new

non-photosynthetic tissues which competed for available carbohydrates.

A high demand, for N at the pod-fi-lling stage was reported for soybeans
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Figure 4.7 variation in acety'lene reduction activity on a per plant
basis with sowing density (early sowing date).

O Acetylene reduction per plant 1ng min-1 plant-l)

A Plant populaÈion (*-2)

Relative growth rate (s s-I a"y-l)

8, L2, L6, 20, 24, 28, 32 - represent weeks from sowing.
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Figure 4.8 variation in acetylene reduction activity on a per plant
basis with sowing density (tate sowing date).

-1 -1O Acetylene reduction per plant (ng min plant )

-tA P1ant population (m -)

Relative growth rate (S S-I day

5, 9, 13, 17, 2I, 25 - represent weeks from sowing.

-1)
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Table 4.4

(a) Early sowing date

Coefficients of correlations between acetylene reduction

rate per plant (ng min-1 plant-1) and p'lant popu'lation,

and p'lant relative grovrth rate at different harvests.

Age of plants
in weeks

Plant population Relative growth rate

I
L2

16

20

24

28

32

-.96
-.89
-.90
-.58
-.62
-.89
-.76

***
***
***
*

**
***
***

*
.45

.32 NS

.40 NS
**

.60

-.10 NS

.39 NS

.01 NS

(b) Late sowing date

5

9

13

I7

2L

25

***
-.99

***
-.98 ***
-.94

***
-.85
-.42 NS

**
-.60

.14 NS
*

.45

.31 NS

.12 NS

.03 NS

Level of significance significanÈ at P =
iltrp=
llllD- E_

non síqnificant at

*
**

***
NS

0.05
0. or
0.01
P 0.05
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by Latimore, G-i-ddens and Ashrey (1977), but this did not stimulate

Nr-fixation; on the contrary, they observed a decline in Nr-fixation

at the pod-filling stage.

In the present experiment, medics were not grazed or defoliated.

r,ight. grazing of med.ic pastrrre at the earry stages of plant growth can

be expected to extend the period of vegetative growth by maintaining

the rate of appearance of young leaves for longer periods (Dona1d 1963)

and, presumably, it wilt enhance the inputs of niÈrogen by medics to

the soi1.

4.6 CONCLUSION

The AR assay provides only an indirect estimate of nitrogen

fixation over short intervals of time. These constraints linit the

use of the technique to comparisons of specific treatments rather than

to the determination of integrated seasonal accretions of nitrogen.

In the present study the effects of density, age and time of

sowing were evaluated. The results support the hypottresis of higher

AR activity under higher medic sowing density (i.e., veïy good. medic

pasture). AR activity increased with both plant age and sowing density

during the vegetative phase. Data of this type for medics have not

previously been reported. The implications for farming practice are:

the higher the sowing density the higher the N inputs. However,

economics would probably dictate that an intermediate sowing density
-1ê.9., 1O kg ha ' or more shoutd be used, which is very much on the high

side of current farminq practice.

Further investigations are needed to elucidate:

1) The effect of. grazing pressure on the rate on Nr-fixation by

swards of medics.
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2l The optimum leaf area index for maximum rate of Nr-fixation.

The variation in Nr-fixation with leaf area index is meaningful

in relatiån to stocking rate and soil N improvement in the ley

farming system. Heavy grazi-ng at the period of optimum Nr-

fixation may reduce the contribution to soil N of annual

legume pastures.

3) Causes of the decline in the rate of AR activity after flowering,

e.9., competition for carbohydrates, senescence or other

hormonal effects.

4) 
.The 

calibration ratio of the CrH, reduced to N, fixed for medics.

Quantification of the amounts of N fixed by medics at several

times during the season and in different seasons is needed.



5.0 THE GLASSHOUSE EXPERII'1ENT



I29

5.0 Effect of OS hate s and c ti ti on from sses on
row an n XA 0 cv. eina I on

5.1 INTRODUCTION

The nature of the dependence of soil total N on the amount of super-

phosphate applied has given rise to some controversy since studies under

different environmental conditions have produced different results.

Donald and !{illiams (1954) found that soil total N under permanent su.b-

terranean clover pastures increased linearly with the amounts of super-

phosphate applied over a period of. 20 years. Watson (1969) reported

that the effect of applied superphosphate on soil total N under

subterranean clover pastures v¡as slow and not significant during the firs;t

4 years of a long-term field experiment (11 years). In a long-ternt study

in South Australia at Kybybolite, Russell (1960) found that soil N

accumulation was not dependent on the amount of superphosphate applied.

In Nevr ZeaLandrBrock (1973) found that applied superphosphate had no

effect on soil N accumulation under white clover pastures: More recently,

Kohn, Osborne, Batton, Smith and LiIl (L977') reported that' in a field

experiment at Wagga v'Iagga (New South Wales) , nitrogen accumulation in

red earth soil (Gn 2-I2, Northcote 1971) increased irrespective of

superphosphate level and that the rate of increase vras red.uced on pastures

topdressecl with superphosphaÈe.

The results of the soil fertility survey (Part 3-0) revealed

likewise that soil P extracteil by 0.5M NaHCO, and soil total N over 95

farm sites were not correlated. This is surprising in view of Èhe

recognized demand of medics for P (Rudd 1972, French and Rudd 1967,

French et AL., l-975). Furthennore, the range of avaílable P in the

surveyed sites varied from deficient for medics to sufficient (i.e.,

from 6 ppm to 89 ppm P in the 0-5cm depth interval) but still there was

no correlation between soil total N and available P. Five possible
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hypothesis not mutually excl-usive for the l-ack of association of soil

total N and available P in this particular survey are:

I. Soils in the survey area were above the P requirement for

meclics because of farmers satisfying the higher superphosphaÈe

requirements of cereals (in cropping years). 1 Presumably,

medic growth \¡/as not affected by available P levels in these

soils and therefore soil total N varied irrespective of soil

available P levels.

Conceiva-bly, cereals could have higher P requirements than medics,

for superyhosphate has been the major fertilizer continuously

applied to cereals for more than 50 years and farmers still use

much superphosphate for cereals (1OO-120 tcg ha-I per year) but

generally do not topdress medic pastures. AdnLitedly, reports

(French and Rudd 1967, l,rl,atz 1973) indicate that medics have a

higher P requirement than cereals.

II. Medics do respond in yield to P over the range of levels in the

survey area buL not the Nr-fixation process itself. So far no

studies have been made with medics concerning the effect of

superphosphaÈe application on N.-fixation by medic root nodu1es.

III. Nr-fixation may increase with increasing P supply but the increased

N is all translocaÈed to the shoots and removed by grazing or

cutting leaving the N remaining in the soil (roots) relatively

independent of P supply.
I

IV. N^-fixation may respond to P supply both in shoots and roots but
¿

also, subsequent cereal growth and yield may respond likewise to

P supply with consequent higher N removal, the two effects tending

¡ to cancel out.
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Data reported by Clarke and Russel-l (1917) for N and P removals

in wheat grain in South Australia showed that exports of N and

P increased together. These ex¡nrts (in kg n--1) being

approximately in the ratio of 10N to lP e>çorted.

Although P may enhance Nr-fixation, ít also increases grass

competition, the two effects on tù2-fixation tending to cancel- out.

The increase in soil total N under legume-based pastures and the

regular application of phosphate fertilizer have been found to

enhance the development and proportion of associated grasses

(Trumble and Donald l-938, Anderson and Mclachla¡r 1951, Vüatson

1969, Kohn 1975). Higher P requirements of grasses compared

to legumes have been reported (Rossiter 1966, Valentíne and Barley

1975). The first named author found that brome grass and

capeweed (Cryptostenrna caLendula) were the dominant species ur¡der

high P supply where subterranean clover had been previously intro-

duced, and Valentine and Bar1ey (1976) pointed out that at 14-I8oc

brome grass showed a significant response to additional P whereas

subterranean clover (cv. Mt.Barker) did not.

The present experiment aimed to test some of these hypotheses namely:

(i) P may increase medic Arowth but it may not increase the rate of

(ii)

(iii)

Nr-fixation (hypothesis II) ;

P may enhance N^-fixation but i...r-,"" of a feedback relationship-¿

between N^-fixation and shoot growth most of the N fíxed is trans-
¿

located to the shoots and removed. The net effect of P on soil N

(or root N) is nil (hypothesis III);

P may enhance Nr-f-ixation but it also increases grass competition,

the two effects tending to cancel out (hypothesis V).
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5.2 METHODS AND MATERIAIS

5 . 2.1 llesi and treatments

A factorial experiment with a compJ-ete randomized block design

included 3 replications of 8 phosphate treatments applied to 3 plant

communities.

Plant communities:

- Pure medic (Medicago tt+meatuLa, cv. Jemalong),

6 plants Per Pot.

- pure Wimmera ryegïass (LoLí-un r"igidun Gaud.r cv. Vüimmera)

. 6 plants per pot.

- ltixture of medic and ryegrass, 3 plants of each species

per pot.

Jemalong will be referred to as medic and wimmera ryegrass as ryegrass.

Phosphate application rates:

- Calcium tetrahydrogen di-orthophosphate (Ca(HrPOn) 
2'H2o)

was used to give the following rates (ppm P added to the

soil) :

o, 10, 25, 63, 160, 400, 1000, 2500.

5.2.2 Cultural technique

The experiment was conducted in a glasshouse under natural illu-

mination and at temperatures varying Þetween a mean monÈhly minimum of

LZ-1:4oC and a mean monthly maximum of 2O-3OoC. A red-brown earth from

the Mallala district was used. The soil characteristics in the 0-I0cm

depth interval h¡ere:

TotaI
N

(8)

Organic
Carbon

(%)

l,tineral
N

(ppm)

Available
P

(ppm)

Total pH CaCO, Mineraliz-
able N

(ppm)
P

(ppm) (%)

176 7.4 0.0o.14 2-I 8.0 8.0 T7
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The fiel-d capacity of the soir was estimated to be 2rz by the method

of Bouyoucos cited. by Leeper (1948).

Pots of 12cm diameter and 1litre capacity were fil-l-ed with J-kg of soil"

The required amount of ca(H2po4) z.Hza in solid form together with a

basal applicaÈion (250m9 per pot) of CaSOn.2H2O in solid form were

thoroughly mixed into each 1kg of soil prior to potting. The basal

application of CaSO4.2H2O was used to mask the effect of increasing Ca

when using Ca(HrPOq) 
Z.HZO for P treatments. Each pot received 15 nls

of basal nutrient solution conÈaining the following:

. MgSOr.7H2O, 6.679¡ MnSO4.4H2O, O.679¡ ZnSOn.lH2O, O.4Og¡

CuSOr.sH2O, 0.279; HrBOr, 0.279¡ CoSO4.7H2O, 0.039;

HrMoOr, 0-039; FeSOn .7H2O, O.679¡ *ZSO4, 11.149;

in two litres of water.

Medic seeds of uniform size were inoculated with Rhízobiun meLiloti

(strain U.45) príor to sowing. Medic seedlings h¡ere gro\^rn in sand

culture in a glasshouse and when 10 days old selected seedlings were

transplanted into the,pots of soil. Ryegrass seeds (12 per pot) were

sown directly in pots of soil 2 weeks before medic transplantation took

p1ace. The seed.lings were thinned to síx per pot for the monocultures,

and three of each species per pot for the mixed culture. Pots were

watered to field capacity and. restored to the same water content (2Iq")

by regular weighing followed by the addition of the required amount of

water. The experiment lasted from JuIy 11 to September 20 (i.e. 81 days).

5.2.3 Mea.surements

Nitroqen fixation AR assay was used to estimate the rate of

Pots were brought to field capacity 24 h

before AR measurements in order to eliminate the effects of variable

Nr-fixation in each pot. i

soil water content on the measured rate. Plants in soil were incubated
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in tlre presence of 0.1 atmosphere crli., (in air) generated. in situ by

the reaction of CaCz l^rith de-ionized water- Incubation chambers con-

sisted of glass jars of 5 litres capacity (plate 5.1). The gas

sampling proced.ure and measurement of. C2tt4 were the same as described.

previ-ousry (Part 4.0). Measurements were made of the amount of crlË-n

produced after 20, 40 and 60 minutes incu_bation. For each pot, the

amounts of. Crlnproduced, were ptotted against incubation time and the

eye-fitted line to each set of 3 points was used. to give thê rate of

AR per pot per hour.

Dry matter production The yíelds of shoots and roots of each

species grown in monoculture and in mixture were obtained after oven-

drying the fresh-plant material at 65oC to constant weight. The dry

weight of roots of single species and species mixture was corrected for

the weight of soil particles adhering to the roots. This was determined

by combustion at 5SOoC of subsamples and treatment of the ash with

dilute HCl (Piper 1950) to dissolve salts, leaving soil particles as

an insoLu.ble residue.

Total N of medic and ass ts Tota1 N of the shoots and

roots of plants was determined by Kjeldahl method using 0.2509 of

oven-dried plant maÈeriaI. Corrections for the weight of soil particles

adhering to the root material were mad.e (Piper 1950). Total N in plant

parts does not include nitrate and will be referred to as nitrogen

content of shoots or roots.
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Pl ate 5.1 Technique used for neasuring acetyìene reduction of
plants in soil.

Above: G1ass jar used for the incr¡bation of intact plant
in soil (pot): Small glass vials (15cm " capacity)

identical to that in the picture were used for gas

sampling after 20, 40 and 60 minutes of incr:bation.

Bel ow: Set up of the incubation jars and pots prior to
inir:bation of intact plants in the glasshouse.
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5.3 RESULÎS

5.3.1 Growth response to applied phosphate

Yield of shoots and roots of medic Shoot yield increased with

rate of added P to a maximum at 160 ppm. P and declined again beyond

this rate (Figure 5.IA). In the absence of phosphate fertilizer medic

plants were stunted and some of them died while at the two highest

Ievels of fertilizer application, P toxicity appeared 20 days (2500 pppn P)

and 30 days (1000 ppm P) after transplantation. At the end of the. experi-

ment, s)mptoms of toxicity \4rere starting to show at the 400 ppm P

application rate. The growth response of medics to applied P is

illustrated in Plate 5.2.

In the species mixture, the response of medic to phosphate

fertilizer was simitar to that found in medic monoculture (Figure 5.14)

with a maximum at 160 ppm P and similar symptoms of P deficiency and

toxicity at the extreme rates of supply. However, the yield of shoots

per plant of medic was slightly lower than that obtained in monoculture.

Analysis of variance (Table 5.la) showed highly significant

effects of added P and plant community on the yield of medic shoots per

pot and per plant. The interaction phosphate x community was significant

on a pot basis but not on a per plant basis.

The yield of roots of medic in_.monoculture varied from 0.06 to

O.32g per plant. Maximum root prodrr"ti* was obtained at P application

rates of 63 and 160 ppm P while plants which received O, I0 or 250O pppn

P produced the lowest yields (Figure 5.18). Roc¡Ls showed more tolerance

of the extremes of P avaiJ-ability than did the shoots. The yield of

roots of medic in mixture was not determined because the roots of the

2 species were so closely interlaced.



Plate 5.2
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Response of species in monoculture and in mixture to
applied phosphate. Plants six weeks old.

The numbers from 1 to 8 correspond to the following
P rates:

1

2

3

4

5

6

7

I

=0
=10
=25
=63
= 160

= 400

= l-000

= 25OO

ppm P
!t

ll

ll

lt

I

tl

I

Top picture:
Middle picture:
Bottom picture:

medic in monoculture

ryegrass,in monoculture

medic + ryegrass ruixture
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Fi gure 5. 1

A
1

Shoot yieìds (g ptant-') of:
a Mp = pure medic
o l"Tn = medic in mixture with ryegrass
I Gp = pure ryegrass
tr Gn = ryegrass in mixture with medic

I
Root yields (g plant-r) of:
a Mp = pure medic
r Gp = pure ryegrass
x G*M = ryegrass + nedic

B

c Acetylene reduction rate (ug h-

a Mp = pure medic
tr lûn = medic in mixture
r Gp = pure ryegrass

1 or-1)

D Acety'lene reduction rate (uq h-

O Mp = pure medic
tr l"frn = med.ic in mixture

I 1pl ant

The LSDrs refer to the main effects of phosphate and phosphate x community
interactions.

p
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Yield of shoots and rooÈs of ryegrass In monoculture the yie1cl

per plant of ryegrass shoots varied from 0.23 to 0.439. Maximum shoot

dry weighÈ was obtained at a much lower rate than for medic (10 ppm P) I

with another unusual rise at the highest rate (2500 ppm P) (Figure 5.14'

Plate 5.2). The kick up in yield of grass at 2500 ppm P may be due to

control of some disease organism.

comparing ryegrass a¡rd medic in pure stands, ryegrass had

greater yield of shoots at t]-e 1ow P rates (namely O, l0 and 25 ppm P)

whereas medic outyielded. ryegrass at medium Èo high P rates (63, l-60

and 4OO pprn P) . In contrast, ryegrass grovìtn in association with medic

yielded more dry weight of shoots per plant tha¡r eiÈher species in

monoculture (Figure 5.IA). The yield of ryegrass shoots per plant in

species mixture was twofold higher than that of ryegrass in pure stand'

yet again, maximum yield of shoots was reached at the second lowest rate

of P application (10 ppm P). However, a significant decline in shoot

dry weight of ryegrass was associated with medic yield increases as P

rates were increased from 10 to 160 ppm P. Beyond the latter rate the

yíetd of medic shoots decreased while that of ryegrass increased' At

all P treatments, the association medic + ryegrass stimulated the growth

of ryegrass plants. There was a highly significant phosphate x

community interaction in relation to the yield of ryegrass shoots per

plant (Table 5.1b).

The yield of ryegrass roots per plant \^las not significantly

enhanced by increasing rates of P application (Figure 5.18). The pro-

duction of maximum root dry matter (0.73g) was obtained at 400 ppm P

but almost the same maximum yield (0.609) was reached at 25 ppm P rate.

Although no aÈtempt was made to sepaïate the roots of ryegrass from

those of medíc in the species mixture, it was clear that there was a
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Table 5.1a Analysis of variance for the yìeld+ of shoots of medic

per pot per plant

Treatments F value F value

Phosphate

Community

Phosphate x Community

55. 3

I94.9
6.3

***
***
***

**tr
46.4

***
15.6

1.17 NS

NS = non significant at P <0.05
+ = only medic shoot yields were considered in mono-

culture and in nuixture.

+
Table 5.1b Analysis of variance for the yield of shoots of ryegrass

per pot per plant

Treatments F value F value

***
Phosphate 30.8

***
Community 16.9

Phosphate x community -2.0 NS

32.5

477.4

4.4

***
***
***

+i = only ryegrass shoot yields \¡tere considered in mono-
culture and in mixture.
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much greaterquantityof ryegrass roots than medic roots in the mixture.

Yields of root-mixture at the different P levels are presented in

Figure 5.1-8. Over the range of P treatmenÈs medic + ryegrass

community yielded about the same amounts of roots as did pure ryegrass

even though ttrere were only half the number of ryegrass plants in the

mixture (Figure 5.18).

5 .3.2 Acetylene reduction per pot of monoculture and mixture

AR activity of pure medic pots was enhanced to a maximum of

-1 -]930 Ug CZ^Z h - pot - by increasing P application rates up to 160 ppm P

per pot (Figure 5.1_C), the same maximum as for shoot yield. Higher

rates of P decreased significantty ttre rate of AR,,ultimately to less

than 1Os" of the'maximum. The sharpest decline occurred between 1000

and 25OO ppn P. The variation in AR activity per pot between P treat-

ments was comparable to the variations in shoot and root dry matter

per pot. Indeed there were close positive correlations between AR

activity, the yield of shoots and o.f roots of medic. Correlation co-

efficients were R2 = O.g7*** and O .g7*** for shoots a¡rd roots respectively

(Figure 5.2A). Analysis of variance (Table 5.2) indicated that AR

actívity of medic pots was significantly affected by P treatments'

In contrast, pure ryegrass pots showed very tow AR activity at

all rates of P application (Figure 5.1C). AR readings rarely exceed'ed

-l -l20 Vg C2H2 :n-' pot '. The AR activity found in ryegrass monoculture

pots can represent either an activity associated with ryegrass roots

or an activity of certain non-symbiotic bacteria and blue-green algae'

A bare soil treatment might be seen here as a suitable control to measure

the effect of blue-green algae, but algae or free-living organisms grow

essentially on the soil surface under the canopy of plant cover where
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the surface is both moist and partly lit. A bare soil surface would

be sr:bject to regular drying out and therefore a poor control.

AR activity per pot of the species mixture varied from I to a

rnaxÍmum of 480 US h I pot I and was affected by P treatments in the

same mannel as was that of pure medic (Figure 5.1C). The species

mixture treaÈment reduced the rate of AR of med,ic in rnixture to about

50g" of that of medic in monoculture. AR activity per pot of mixture

varied linearly with medic shoot yield (R2 = 0.92***¡ but there was a

lack of correlation between the former and dry matter yield of rgot-
)

nrixture (Ro = 0.002) owing to the doruinance of the latter by the ryegrass

roots. The interaction phosphate x community was signíficant at

p = O.O5 (Tab1e 5.2) but again was primarily due to ttre different number

of medic plants involved.

5.3.3 on of ac reduction of medic in monoculture
and in mixture on a per Plant bas e

Since medic density was not the same in monoculture and in rnixture,

AR activity per redic plant was regarded as a better measure of the

specific rate of Nr-fixation by medic in each community. On the assumption

that the activity under ty.gtã== was primarily due to free-living soil

organisms and therefore the same in all pots (figure 5.1C), AR activity

of pure medic pots and of medic + ryegrass pots was corrected' for each P

treatment by deduction of the mean of CrH, reduced in the corresponding

pure ryegrass pots before dividing by the number of medic plants involved'

In both monoculture and mixture, AR activity per medic plant

followed the same response patterns to increasing rates of P (Figure 5'lD)

with a sirr-ilar optimum P rate (=160 ppm P) and similar AR rates'

Hohrever, the curve for the rnixture was depressed relative to the pure

stand at the lower P rates. The phosphate x community interaction was



Figure 5.2

A

B
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Linear regre.ssion of acetylene reduction rate
per pot on shoot drlz weight (O) and on root
dry weight (o) of medic in monoculture.

Effect of applied P on N content of medÍc roots
in monoculture (o) in comparison with acetylene reduc-

tion raËe per pot (O) of medic monoculture.
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Tabte 5.2 Analysis of variance for acety'lene reduction by medics

per pot per plant

Treatments F value F value

Phcsphate

Community

Phosphate x cornmunity

28.7

49.O

2.8

***
***
*

***
26.7

1.6 NS

0.5 NS

NS = non signficant at P -<0.05
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not statistically significant but is quite possibly real since these

are the P rate treatmenÈs already a-bove the optimum for ryegrass but

below the optimún for med.ic where competition of the grass on the medics

might be e>pected to be most severe.

5.3.4 Nitrogen in plants

- Nitrogen concentration

Shoots Analysis of variance (Table 5.3a) revealed a significant

effecÈ of plant conununity on N concentration in the tops of medic but

the interaction phosphate x community was not significant. For medic

in monoculture, the percentage N varied very littte over the range of

applied P (Figure 5.34) and ranged from 2.76e" to 3.369. with a mean of 3.11%.

. For the mixture, the percentage N in medic shoots was lower than

that of the shoots of medic in monoculture. The differences in N con-

centration hrere greater at the lower P leve1s (vi,z., O, 10 and 25 ppm P) .

The main effects of P and plant commr:.nity and the interaction were all

significant (Table 5.3b) .

For ryegrass monoculture, N concentration in the shoots was highest

at the lowest P treatment (O ppm P), decreased markedly at the next P

application rate (10 ppm P) and thereafter remained. constant (Figure 5.34).

The concentration of N in the tops of ryegrass grown in association

with medics was higher than that of the ryegrass in monoculture

(Figure 5.34), especially at the lower levels of applied P.

Roots. To obcain the dry matter yield of rooÈs, it was necessary

to correct for adhering soil particles by ashing a subsampJ-e. For the

medic, soil- contamination amounted to about 153 only (range 11-232) but

for ryegrass (and the n-ixture) was much higher at about 40% (25-60z).
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Table 5.4 shows the N concentrations in the roots. Medic had

the highest concentrations of N, ryegrass the lowest, and as expected.'

the mixture \¡ras j.ntermediate but closer to the ryegrass. The ef fect

of increasing e rates was to decrease N concentration in medic roots

but in ryegrass there was no trend. The rn-ixture was again intermediate

but closer to ryegrass.

- Nitrogen content

Shoots N content of medic in monoculture was enhanced to maxi-mum

at a P application of 160 ppm (Figure 5.3B), the same optimum rate of P

as for maximum AR activity (Figure 5.1C).

For ryegrass monoculture N content of the shoots was relatively

constant over a1-1 P treatments (Figure 5.38). In the mixture, N content

of nuedic shoots (mg plant-t¡ was lower than that of med.ic in monoculture

(Figure 5.38). The response curve to applied P of N content in medic

shoots gror¡rn in association with ryegrass was similar to that of medic

in monoculture. There was no significant interaction phosphate x

community (Ta-ble 5.3a). N content in tops of ryegrass grown in mixture

was about twice that of ryegrass shoots in monoculture (Figure 5.38)

and the curve shape reflected that of dry weight. For ryegrass shoots,

there $¡as a highly sígnificant effect of plant conununity and a signifi-

cant interaction phosphate x community (P = 0.05) (Table 5.3b).

At the lower levels of applied P'(viz., 0 anil 10 ppm P) N content

in ryegrass shoots in tt¡e mixture was higher than that of the med.ic

shoots in the mixture.

Roots N content of medic roots in monoculture reached a maximum

at an application rate of 160 ppm P (Figure 5.3C). V'Iithin the range of

apptied P rates N content of roots per plaat was highly correlated with



Tabl e 5.3

(a) Medic

r47

Analysis of variance for N concentation and N content
of shoots as affected by plant community and applied
phosphate:

N conÈent
(mg plant -1N concentration (%)

Treatments F value F value

Phosphate

Community

Phosphate x community

l-.4 NS
*

4.5

1.0 NS

. ***
25.3

**
to.3
0.56 NS

(b) Ryegrass

N concentration (%)

N content
(mg plant -1)

Treatments F value F value

Phosphate

Cormnunity

Phosphate x community

64 -6

30.3

4.0

***
***
**

7.5

503.4

2.5

***
***
*

Level of significance: *significantatP=0.05
**significant at P - 0.01

***significant at P = 0.001
NS non significant at P = 0.05
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Fi gure 5.3

A Nitrogen concentration of shoots (%)

a Mp = pure medic
o lvÍn = medic Ín mixture with ryegrass
r Gþ = pure ryegrass
E Gn = ryegrass in mixture with medic

B Nitrogen content of shoots (mg p'lant-

O Mp = pure medic
o lulm = medic in mixture with ryegrass
I Gp = pure ryegrass
E Gm = ryegrass in mixture witJ: medic

INitrogen content of roots (mg plant- )

1

c

D

o Mp = pure medic
t Gp = pure ryegrass
A M+G = medic + grass mixture

Nitrogen content (shoots + roots) per pot (mg)

a Mp = pure medic
I Gp = pure ryegrass
A M+G = medic + ryegrass mixture

The ISD|s refer to the main effects of phosphate and phosphate
x conrnunity interactions.
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Tabl e 5.4

I49

Nitrogen concentration (%) 'in the roots of medic,
ryegrass and medic + ryegrass mixture at each level
of applied phosphate.

P rates (ppm P)

0 10 25 63 160 4OO 1000 2500 Mean

Pure medic

Pure ryegrass

l4edic + ryegrass
in mixture

3.25

1.58

1.98

2.80

L.45

1. 99

2.69

T.7L

I.62

2-54

1. 5r

1.68

2.82

L.28

r.57

2.63

L.76

1.88

2.53

r.47
2.55

i.aa
2.73

1. s5

1. 73I.67 r.45

Tabl e 5.5 Root/shoot ratio of N content per pot of medic' ryegrass
and medic + ryegrass mixture at each level of applied P.

P rates (ppm P)

O 10 25 63 160 400 1000 2500 Mean

Pure medic
1

Pure ryegrass

l¡ledic + ryegrass
in mixture

1.09

1. 38

L.20

o.72

2 -43

1.87

0.65

3.33

r.66

0.60

2 -69

t.4L

0.53

2:52

1.01

0.45

6.45

I.O2

o.49

2.29

r.46

0.36

4-O2

4.27

0.61

3.r4

t.74

1"ro (" = o.o5) = o.2l- for comparison of phosphate rates.



150

shoot dry matter per plant (R2 = 0.93n**¡, root clry matter per plant

) tr** 2 ***
(R- = 0.99 ) and AR activity per plant (R- = 0-95 ).

For ryegrass monoculture, N content of the roots varied over the

range of applied P from 5 to 13 mg plant-I. This was generally higher

than N content of the roots of medic ín monoculture and a-bout the same

as the mixture (Figure 5.3C). The ryegrass showed large unexplained'

fluctuations as P rates increased.

-1
The ratio of root N content to shoot N content (mg plant ) was

higher for ryegrass in monoculture than for mèdic in monoculture or

medic + grass mixture (Table 5.5).

- Nitrogen content (shoots + roots) Per Pot

The amount of N (shoots * roots) per pot of medic in monoculture

also increased to a maximuî at the P application rate of 160 ppm P

(Figure 5.3D). Both in tt¡e mixt¡re and ryegrass in monoculturer N

content per pot was higher than that of medic in monoculture at the

lower Ievels of applied P (viz. O, 10 and 25 ppm P) and at the highest

(2500 ppn P). The yield of N per pot of medic + ryegrass mixture was

higher than that of ryegrass in monoculture except in 2 occasions (400

and 25OO ppm P) (Figure 5.3D). Over all P treatmenLs the mean N content

of shoots + roots was highe r f.ot medic + grass rnixture (106 mg pot-l)

than for medic in monoculture (90 mg pot-I) or for ryegrass in monoculture

(88 ng pot -1)

5.4 DISCUSSION

5.4.1 Growth resÞonse of each spe cies to applied phosphate
in each plant conununitY

The use of a soil naturally deficient in P revealed different

response of the legume and grass species to added P. The a-bility of
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ryegrass to produce maximum shoot dry matter at the very low rate of P

application (10 ppm P) contrasted with the considerably higher demand

of medic for P. If the P requirement of cereals is similar to that

of ryegrass in this experinent, then clearly the hypothesis that cereal-s

have higher P requirement than medic cannot be sustained; but according

to Ozanne et aL., (1976), wheat had a much higher P requirement (]1B kg

-'r -1ha-') than wimmera ryegrass (56 kg ha ') when grown on a loamy sand soil-

The need of medic for high P rates to produce maximum yield agrees with

the report of Asher and Loneragan (1967) who found that of the species

tested. barrel medic and flatweed, (Hgpochoeris gLabna L.) had the highest

P requirement.

The diffeïence in P requirement between medic and ryegrass is

similar to that reported between subterranean clover (cv. Daliak) and

wimmera ryegrass (Oza¡¡ne et aL., J-:976). Ryegrass efficiency in the

utilization of low availability of P supply is probably tinked with its

greater production of roots (Figure 5.1-B) and perhaps also with differential

mycorthizal effects. Mclach,Iarr (1976) reported for several species that

the efficiency of P utitization \^¡as associated with root morphology and

root growth rate.

Although plant community did not alter the P requirement of each

species for maximum shoot production, Èhe yield per plant of ryegrass

in plant mixture was greatly enhanced in comparison to that of ryegrass

alone. The two-fold increase in yield of ryegrass in the rr-ixture in

comparison to that of pure culture may be associateil with lower competition

from medics than from ryegrass prants and,/or transfer of fixed N from the

medic to the associated. grass. The results of N concentration and N

content of the shoots of ryegrass (Figure 5.34, 3B) strengthen the hlpothesis

of an additional supply of N from the medic in the medic + grass mixture.
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The rndergror.lnd transfer of N compounds from legume to associated grasses

within the grovrinçJ season has been reported in the literature (Walker'

Orchiston and Adams 1954, Simpson 1965, Chan 1970, Ozanne et al.t 1976).

Walker et aL., (l-954) reported that a small amou¡¡t of shading of white

clover induced'by the associated ryegrass caused a consideralrle ex-

cretion of N from white clover, whereas under good conditions for clover

growth N excretion may not take p]ace. Simpson (1965) suggested that N

transfer in pasture could be most important under contlitions of N

deficiency, which is true of the present investigation. A soil of

npderately high avaiLable N was avoided. for this experiment because of

the risk of suppresion of nodulation and Nr-fixation by excessive

mineralization following distr:rbance, d.rying and potting. The severity

of N deficiency in ttris soil, however, turned out to be greater than

desired.

Inter-species competition could be e:<pected for P and N both of

which were deficient in this soil. The significant decrease in ryegrass

yields at the maximum yields of medic (Figure 5.14) indicates that at

moderately high P rates (63 and 160 ppm P) competition from medics is

relatively greater near their ovrn P optimum. Likewise grass competition

ín the non-significant interactions on AR activity per plant (Figure 5-ID)

is closer to grass P optimum. The results (Figure 5.14, Table 5.1a)

reflect the need of medics for high availability of P supply presumably

because of their small root mass (Fiqure 5.18). The observed decrease

in ryegrass shoot yields between P treatments 10 and 160 ppm P may also

result from a greater competition from medic for light and nutrients.

The results show the competitive advantage to the legume of moderately

high dressings of superphosphate in establishing a medic pasture on an

infertile soil.
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5.4.2 The response curves of acetylene reduction activity
to phosphate applicätion rates

Measurements of AR act-ivity did not support hypothesis II that

Nr-fixation of medic is independent of avail-ability of soil P. It

could be that the growth effect of added P enhanced nodulation and

increased root nodule numbers (Anderson and Thomas 1946, Diener -l-950,

Robson 1969), leading to improved nitrogenase activity as measured by

the AR assay. Differential effects on nodulation could not be measured

in the time available, as medics produce large numbers of nodules of

small yet highly variable size, and judging from haemoglobin content,

highly variable activity.

The hlpothesis V concerning the decrease in AR of medic due to

grass competition can barely be sustained in view of the results from

the addition of phosphate fertilizer to medic + grass mixture.

Figure 5.1D suggests that the competition from ryegrass may have taken

place at the 1ow levels of applied P rather than at the high leve1s of

P as vras expected. However, analysis of variance (Table 5.2) showed

that the phosphorus x community interaction was not significant which

does not support the hlzpothesis, at least under the conditions of the

present e>çeriment. The lack of interaction could partly be aÈtributed

to high variability in the data for AR (Appendix III.1).

Transformation of AR values to logarithm$brought no change with

regard to the phosphate x community interaction. Donald (1954) reported,

that the increase in soil total N by legume-based pastures enhances the

ability of annual grasses to compete with pasture plants. In the present

experi:nent soil N was Iow, and the competition for tight and. nutrients

from ryegrass $/as probably not high enough to induce a significant re-

duction in AR activity per plant of medic in mixture.
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5.4.3 Nitrogen content of r¡,edic shoots and roots in
relation to lied te

The magni,tude of the response of N content in medic roots and

AR activity to P application rates does not Iend support for

hypothesis III. It is true that in the present experiment, N content

of medic roots may represent both N fixed slzmbiotically and N taken up

from the soil and the amor:nt of t'non-fixed" N in medic roots cannot be

estimated in this experiment. However, the close association beÈween

N content of medic roots in monoculture and AR activity (Figure 5.28)

suggestS that most of the N accumulated in medic roots may come from

bioloqical N^-fixation. Thus, contrary to our hypothesis, phosphate-¿

fertilizer increased both N content of medic shoots and rootst it

should be pointed out, however, that increasing e 
"ppfi-".tion 

rates

enhanced more the N content of the shoots than that of the roots of

medic in monocul-ture as indicated by the root/shoot ratio of N content

(Table 5.5). This was primarity due to the differential effect of

applied P on shoot and root grovùth of medic in monoculture (Figures

5.14, 18) since N concentrations in shoots and roots were similar

(Figure 5.34, Table 5.4). The ratio of root,/shoot N content was

highest in the pure ïyegrass conrnunity (Table 5.5) where because of the

N deficient soil and the absence of legume, N deficiency is most severe

Nitrogen per pot reflect the root data. The mixture is generally

as high in N as the pure medic but in the mixture N \¡ras derived both from

Nr-fixaÈion and from soil sources to an extent greater than for pure medic.

5.5. CONCLUSTON

This experiment clearly demonstrated that increasing P application

rates increased the rate of AR by barrel medic grown either in monoculture or

in mixture with wimnera ryegïass, and. enhanced the accumulation of N in
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medic roots. The results of AR and N analyses did not support the

advanced hypotheses concerning the Iack of interdependence between P

supply and Nr-fixation and N accumulation in medic roots. The

hypothesis that a recluction in medic growth and Nr-fixation can be caused

by increasing rates of P supply on ryegrass growth and increased

competition in mixtures \^ras not supported by the results of this experi-

ment. This shifts Èhe interest to an alternative hypothesis (No.rV'

page Ì30) that mining of soil N by cereal crops could be the key to the

lack of association between soil total N and soil availa-ble P found in

the survey study (Part 3.0).

In order to show whether the interaction phosphate x community is

significant on AR activity per plant of medic, the experiment needs to

be repeated with more replications and more control. As others have

found (Ruegg and Alston l-978, A. D. Robson personal communication)

variability in AR measurements ca¡r at times be extremely high.

The effect of apptied P on medic growth, AR rate, and N accumulation

in the roots suggest that the lack of association between soil total N

and soil availa-ble P found in the survey is not a simple expression of

the relation between the 2 factors but may reflect more complex inter-

relations between several environmental factors including boÈanical

composítion of pasture, soil N supply and grazing intensity.

Tt¡e two-fo1d increase in the yield of shoots of ryegrass in

mixturelcompared. to that of ryegrass monoculture may be an expression

of lower interplant competition in the nr-ixture for light and nutrients

or may refl-ect an underground transfer of fixed N from medic to the

ryegrass within the growing period. This underground transfer of N

from medic needs further detailed study to cLarify the N nutrition of
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annual grasses associated with annual J-egumes.

The resul,ts suggest that:

(i) Biological N2-fixation by barrel medic is a function

(ii)

of soil P status and medic density per unit area:

V'lhere soil P status is low, moderate to high applications

of superphosphate are needed to maintaín a medic dorninance

over wimmera r¡fegrass in pasÈure
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6.0 General Conclusion

Quantification of the relationship between soil total nj-trogen

and the frequency of me<1ic leys using the accumulated seasonal

rainfall has been achieved using a farm soil survey Èechnique.

In the survey area the higiher the frequency of medic-dorninant

pastures over the cropping history period (1965-1974) the

higher the level of soil total nitrogen. The relationships

were developed in the form of linear equations by ccirrelation

and regression analysis.

From these regressions, inputs of nitrogen (kg N ha-l y."=-1¡

by a medic pasture may be estimated.. llhese estimates suggest

that annual medics growing in drier parts of the cereal belt

were al¡Ie to fix relatively as much nitrogen as subterranean

clover does in higher rainfall areas.

The survey results produced evidence that the accumulation of

total nitrogen in the surface lOcm of soil was higher ¡nder

medic-dominant pastures than under grass-dominant pastures,

and that soil total N was greater in solonized brown soils

than in the red-brown earths (lime-free soils).

The rate of nitrogen fixation (as estimated by acetylene re-

duction assays) by barrel medic \das generally higher during the

vegetative period of plant growth than after flowering,

probably owing to post-flowering competition for slbstrate

from developing pods.

The higher the medic sowi¡g density the higher the rate of

symbiotic nitrogen fixation during the vegetative phase of

plant growth.

t

2

3

4

5.
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r trol -Jo

Medic growth, acetylene reduction and nitrogen content increased

in a phosphat-e deficient soil as applied phosphate increased to

rates well above the rate needed for maximum growth for ryegrass.

In contrast the results of the survey indicated that total

nitrogen of the surface fOcm of soil and available phosphorus

of the same depth intervaL were not correlated. several hypo-

theses have been advanced to explain these apparently contrasting

results.

Evidence has been produced for underground transfer of nitrogen

from medic to ryegrass in a mixed sward in pots wiÈhin the same

growing season, though proof is lacking.

Yields of- shoot dry matter, root dry matÈer' acetylene reduction

and nitrogen content of the roots and shoots of barrel medic had

aII the same optimum phosphate rate (160 ppm P in small pots).

To the future:

The lower levels of soil total nitrogen found under grass-dominant

pastures suggest that most of the nitrogen accumulated under medic-

dominant pastures came from symbiotic nitrogen fixation. Changes in

soil total nitrogen associated with the frequency of medic leys and

increases in the rate of symbiotic nitrogen fixation with increasing medic

sowíng density suggest ttrat maintaining a high proportion of medics in the

pasture phase and reducing the interval of time separating pasture leys by

the adoption of short cereal-medic ley rotations (e.9.' crop-pasture-crop-

pasture) should lead to better fertility (in terms of nitrogen status) in

these soil-s.

7

I
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The eviclence produced by the survey technique concerning a

lower rate of soil nitrogen accumulation in a dry season needs to be

supportecl by crítical experimentatj-on under limited \4/ater supply

conditions" If substantiated this could lead to the use of more

nitrogen fertilizer for cereal crops so\¡¡n after drought-affected pastures.

In the field experimentrincreasing the sowing density increased

the rate of acetylene reduction by barrel medic. It is likely that

under farm conditions the number of germinating and viable medic seeds

per unit area surviving to form a pasture is often lower than the LO kg/

ha optimum indicated in this study, Ieading to suboptimal nitrogen fixation.

A medic population density higher or, equivalent to IO kg/ha seed rate

may serve both purposes of soil nitrogen accretion and adequate winter

feed production. Field experiments of at least 5 years duration to

allow for medic seJ-f-regeneration over 2 cycles are needed to provide

a better assessment of medic sowing density in relation to symbiotic

nitrogen fixation and winter feed production in different season.

. The higher rates of nitrogen fixation of medic plants during the

vegetative phase has consequence for pasture management. The effect

of grazíng in delaying flowering may be important in the overall

seasonal nitrogen fixation by a pasture. Thís needs study and may lead

to mixtures of early and. late flowering cultivars of MedLcago tz:uncatuLa

e.9.r Earty Clprus and Jemalong (l4athison l-973), which could extend the

vegetative period of growth of the n-ixed pasture and lead Èo higher

nitrogen inputs per unit area.

Further studies are needed to determine whether soil total nitrogen

in the survey area is increasing or decreasing with time. The associa-

tion of high soil totat nitrogen with high frequency of medic leys

(Figure 3.54) does not indicate trends in time for individual sites.
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In short, critical experiments are needed to test the following

hypotheses which emerge from the present work:

- The rate of nitrogen accumulation is lower in a dry season.

- Increasing levels of soil availabte phosphorus increase

cereal yields and consequently the exports of soil nitrogen

by cereal crops and, Èherefore, cancel out the additional soil

nitrogen gains stemnr-ing from phosphorus-induced higher rates of

symbiotic nitrogen fixation. (Ttris would lead to the observed

lack of correlation between soil total nitrogen and available

phosphorus in the surveY).

- under senú-arid conditions, the accumulation of soil total

nitrogen in field soils has an optimum phosphorus level.

- Heavy grazíng during the vegetative phase of medic growÈh delays

medic flowering and extends the period of significant symbiotic

nitrogen fixation.

Nitrogen is tra¡rsferred from medics to grasses ín mixed pastures

during the same growing season. Tf. valid, the mechanisms need

to be understood.

- Because ryegrass produces much greater root mass than medics,

nixed medic-grass pastures may lead to beÈter soil structure

than pure medic stands.
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P/.bDOCK }IIS'IORY

F.'\R}IERt S ì|N.II:

Ìii= ltrncat
B*= ltôrlc)¡
Ëal.t = Fallox
Crass - No nedic
IicJics (CIovcr

TYPN OF SOII

sÀlfPLlìi6 D.A,TE. . .

Years

l9 ?3

1975

tÐ72

19 71

r 970

r969

r 968

1967

1966

1 9ó5

1964

1963

1962

1961

SÀl'fPLD NLTIIBER,..,,

Ti.¡ue of
Se eding

aPProx,

If Gypsun applieil - Ib/acre.

Re¡narks -
Too llret..,.
D^^r

Diseases. . .

0th ersBarI eyIrheatNitrogen
lb/ acre

5u!er
(9hcsphorus)

Lb/ acre

Yields (3ushe1/,\creI{¡ infal l
Ave:age
.{,r¡nua.L

in inches

F¿.rtilize¡ An¡licdCrops
l^lr or Br

Iledic ol h'alt
or Grass

l.emarks:

No. of years since ¡led.ics irrtrcduced
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Key to slmbols used:

l_61-

for the Soi I Ferbi ì i ty Survey.

Farmers' fi elds

Basi c data

A.

Abbreviation Varia.ble name

M

G

ASRP

FYRC

PTNA

PTNB

AVPA

AVPB

ORMA

ORMB

MINA

MINB

PHA

PHB

LIMA

LÏMB

PCLA

TOTP

RFL

BDA

BDB

SIJP

Medic-dom-inant pasture in 1974

Grass-dominant pasture ín J-974

Accumulated seasonal rainfall on pasture

Frequency of years of crop

Total nitrogen (e") in the 0-5cm dépth interval
nr5_10cmrr!

Available phosphorus (ppm). in the O-5cm depth
intervar,.,S-rocm'

Organic carbon (e.) in the 0-5cm depth interval'
Iil5_locmril

Mineralizable nitrogen (ppm) in the 0-5cm
u"ntn,,tttervar,,,S-rocm

pH in the 0-5cm depth interval
il il 5-10cm rr I

Calcium carbonate (%) in the 0-5cm depth
intervar 

* , ,, 5-1ocm rr

Clay content (%) in the 0-I0cm depth interval
Tota1 phosphorus (ppm) in the 0-10cm depth
interval
Mean annual rainfall (mm)

-?Bulk density (s cm ") in the O-5cm depth interval
tt 5-10cm rr rr

applied (L965-1974)

il

superphosphate (kg Ï¡a-1)
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Appendix I.2 Basic data for Soil Fertility Survey

B. Reference sites

Key to symbols used : the same as for Àppendix I-2A-

Site
No.

PTNA PTNB A\Æ,A AVPB ORMA ORI\B MINA MINB PHA PHB LIMA LIMB PCLA TOTP BDA DBDB

t
2

3

4

5

6

7

I
9

10

11

c. 1098

0. 131r

o.L4I2

0.1445

0. 1800

0. 1826

o.L967

o.2L74

0.2359

o.24L5

o.2432

0.0710

o.1479

0.1065

0. 1345

0.1900

0.1500

0. 1500

0.1300

o.1429

0.1603

o.1950

5.00

42.OO

10.00

13.50

13.50

2.OO

6.25

29.50

L3.75

29.OO

45.00

15.50

34.50

8.75

LO.25

23.00

1.00

1.00

6.00

3.00

16.00

31.00

3. 50

l-. 86

3.73

2.72

3.44

2.92

2.68

2.87

3. 35

2.75

3.94

1. 15

1. 90

1.91

2.4I
3.45

2-32

1.53

1.69

2-60

3.20

l.4.40

33. 31

56 .03

43.16

44.O0

59.06

28.77

50.00

61.33

66.63

9.10

44.70

2I.96
40.89

40.13

27.26

5. 30

24.23

2\.20
32.56

84.00

7.95

8.00

8.05

8,00

7.90

7 .90

7.60

7.50

7.65

7 .80

7.40

7.60

7.70

8.00

8.00

7.80

7 .70

7.25

7.50

7.90

7.60

7.70

9.00

3.30

5.90

3.34

13.70

11. 20

0.00

0. l-4

0.27

2.24

7 .80

L.20

8.10

l-2.50

10.19

t_5.50

13.03

0.00

0.50

o -96

2-24

11.60

265

288

l_85

223

25L

208

I76

243

160

2L3

425

L.L7

L-32

l-. 31

r-32
0.96

1. 15

0.98

r. 19

1.07

I.0L
I.20

r.22
1.13

L.26

1.15

0.99

T.T7

1. 35

r.26
T.I4
1.03

1.06

F
oì
ñ)

3.26 153.00
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Variable

Total N

Ln. Available P

pH

Bulk density i

Total P+ /

T
% Clayi

0.171 t 0.003

3.O7 r 0.57

7.64 + O-23

I.25 10.13

257 !.5t

18.4 r 6 .1

lueasured in the O-lOcm depth only.

Mean values and standard deviations of soil properties for
"solonized brown soils" and "red-brown earthsr'.

Solonized brown soils : with lime
(50 sites)

O-5cm 5-1Ocm

Red.-brown earths : with no Lime

(45 sires)
0-5cm 5-10c¡n

o.L26 ! O-O29 0.081 t 0.02I

3.25 ! O.52 2.L8 i 0.98

7 .O8 ! 0.26 7.30 + O.32

1.40 10.14 1.34 + 0.15

191 r 34

19.0 r 8.6

0.128 r 0.025

I.92 t 1.00

7 .70 ! 0.25

I.2I 1 0. 13

U
o'(,
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L64

Seasonal May-October rainfall for the period 1925-1974
in the MaIIaIa district.

Year May-October
rainf aII (nun)

Year
May-October

rainfall (mm)

l925

L926

1927

L928

l-929

1930

1931

l-932

1933

t934

1935

1936

l-937

1938

1939

1940

194T

t942

L943

]-944

L945

L946

1947

1948

L949

251.

334

2IO

229

r78
265

306

327

237

22L

240

204

25I
l_40

274

I27

304

311

r81

135

235

208

286

234

280

1950

1951

L952

1953

1954

1955

1956

l"957

1958

1959

1960

1961

1962

1963

1964

1965

I966

L967

1968

l969

r970

I97I
L972

r973

].974

278

378

319

268

166

312

323

L74

331

115

300

144

23r

294

23r
199

223

l24
353

225

228

266

173

294

352



APPENDIX II.1



Appendix I I .1

For each harvest:

165

Ana'lysìs of variance for acetylene reduct'ion activity :

F values for the d'ifferent variables (earìy sowing date).

Age from
sowing
in weeks

AR

-'ì¿(ug ml-n
soil)

-3
cm (yg min pJ-ant

AR per pt..rtl Shoot dry-
-1 -1 isþ

Ã¿
we t

)

+
+

Plant
Population

(e

I
I2
t6

20

24

28

32

7.4

4.3

3.9

r.4
o.4

0.8
o.8

**
*

*

***
***
***

*?t*

¡t*

**

***
**2k

***
***

18.6

I0 .0

tr.7
2.4

1.9

1.0

1.3

35.4

6.1

7.7

0.5

I.4
o.7

4.r

54.6

25.O

56.4

19.2

2.8

r.0
5.6

tr*

For all haryests together:

Sowing density
Age of plants
Interaction

(density x
age)

3.2

l-4.2

1.2

*

***
25 -4

38-5

1.6

***
***

1.8

57.2

1.5

***
4.4

40.6

***
***

* ***
8.1

+
+ Because of the heterogeneity of the original data and the skewness in the

distribution of these data, both AR values and plant population numbers
were replaced by their logarithms(e) for statistical analysis.
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Appendix II.2

For each harvest:

Analysis of variance for acetylene reduction activìty:
F values for the different variables (Late sow'ing date)

Age from
sowing
in weeks

AR per plantÏ

1pg min-I plant

Shoot dry-
weight
(g *-2)

Plant
PopulaÈion'(*-2)

AR +
+

-l(ug rnrn
soil)

-3 -1
cm

5

9

t_3

77

2I
25

***
***
***
**

0.5
(2.7)

157.1

16.7

L3.2

6.3

1.3
r.3

***
8s .6

***
86.5

***
20.3

*
4.2

+(2.9) +

0.5

***
t32.4

***
60.8

***
26.L

tr**
50.8

*
3.0

2.O

+
+

**
8.1

r.7
3.2

I
(2.e)+

*

Over-aìl significance

For all harvests together:

Sowing density
Age of plants
Inter:çeaction

(density x
age)

11.9

40.9

I

***
***

7.25

50.2

***
***

23.3

141. 3

***
***

51.5

31. r

5.8

***
***

** *** *** ***
2 5.7 5.0

'¡
Q.7)+ P = 0.065; e.ÐI P = 0.054

Ï p¿t" for AR values and plant population numbers were transformed to
logarithm (e) for statistical analysis-
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167

Mean values of acetyìene reduction rate (irg min
soil) for the fjeld experiment.

1 -.3
cm

-tAge of
plants
in weeks

0 Ì 5
Sowing densities (kg ha

10 50 r00 500
)

1000 Mean

(a) Early sow'ing date:

Mean 4 -O4 6 . 10 12. 31 6 .44 8. 01 6 .96 17 .6r 16 .A4 9.86

(b)

I
T2

16

20

24

28

32.

5

9

t3
L7

2I
25

3. 33

1.58

9.00

3. 00

4.00

4.r7
3.L7

I.94
1. 50

9. 33

4.61

7.00

8.00

t0.25

2.IO

1.50

l5.67
15 .50

32.r7
12.33

6.93

2.24

r.92
11.17

11.75

6.00

10. t7
5. r_7

1.58

9.00

3.r7
30.83

1.I.67

5.42

2.56

4. 00

14. 00

9. 33

13.83

8.83

3.50

r.67
9.00

4 .00

4L.I7

22.50

19.T7

6 -O2

7.58

14.00

4.00

5.67

6.75

5.00

1. 58

22.OO

3. s0

14.83

13.25

4.25

10.17

8.08

34.67

28.00

33. 33

4.67

4.33

r.67
16 .53

LL.L7

31.67

70 .00

ro -73

4.78

7 .67

96 .00

19 .83

6 -67

5 .00

4.33

1.83

22.50

22.67

30. o0

19.83

6.08

4.r4
4.23

23.25

12.79

13. 58

7.52

5.34

1.6s

13.48

6.77

2r.o8

20.34

7.55

Late sowi ng date:

1.50 L.67 r.67
9.00 9.00 9.00

3.17 3.I7 3.33

4.00 4 .r7 L2.OO

4.00 4.50 15.33

4.00 5.58 5.r7

Mean 4.28 4.68 7.68 10.28 15.88 9.7r 23.68 17.15 11.68
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Appendix III.1 Results of the glasshouse experiment : effects of
applied phosphate on the acetylene reduction of
species in monoculture and in mixture.

Key to symbols used:

Abbreviation Variable name

REP

coM

PHO

NPT

NPL

SPT

RPT

SPL

CNS

cr{R

Mm

Gm

Replication

Community:

1 = Iuledic monoculture
2=Medic+grass
3 = Ryegrass nonoculture

Phosphate application raÈe: (ppm per pot)

0
10
25
63

160
400

7 = 1000
8 : 2500

I_
z-
2-

Q-
t-

$=

Acetylene reduction rate per

Acetylene reduction rate per

Shoot dry weight per pot

Root dry weight per plant

Shoot dry weight per plant

Concentration of nitrogen in

Concentration of nitrogen in

Medíc in rr-ixture

Grass in rnixture

pot

plant.

shoots

roots
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