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I INTRODUCTION 

,WAITE iHSTfflJTE' 1 
. LIBRARY 

One of the most important microbiological 

processes in agriculture is the production of nodules on 

the roots of leguminous plants by bacteria of the genus 

Rhizobium. Through the symbiotic association of plant and 

bacteria in these nodules the vast reservoir of nitrogen in 

the atmosphere becomes available either directly or 

indirectly to plants and animals. In southern Australia 

and New Zealand symbiotic nitrogen fixation has been widely 

exploited through the medium of legume-based pastures which 

have come to play a very important role in agricultural 

production. In these countries, where low-cost pastoral 

and crop production form the basis of overseas earnings, 

and where fertiliser nitrogen is relatively expensive, 

legumes provide the Tiain source of nitrogen for both crops 

and pastures. 

Under favorable conditions, the amount of nitrogen 

fixed by legumes may be very high. Sears (1953) bas 

estimated that high producing white clover pastures in New 

Zealand fix 200-500 lb. of nitrogen per acre each year. On 

a light-textured soil in the south-east of South Australia 

Powrie (1964) has measured 150 lb. of nitrogen fixed per 

acre by a first-year subtertanean clover pasture sown on 

land rscently uleared of native scrub. 

In spite of losses through leaching, denitrifica

tion and export of produce, addition of nitrogen to soil 

by legume fixation is considerable. In New Zealand, on a 
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rhyolitic volcanic ash soil, Walker, Thapa. and Adams (1959 ) 

found that nitrogen accumulated at the rate of 100 lb. per 

acre each year under white clover pasture. Donald and 

Williams (1954) showed that on a podzolic soil in New South 

Wales the nitrogen increment under subterranean clover 

pasture was linearly related to phosphate application, 

with 85 lb. of nitrogen accumulating per hundredweight of 

superphosphate applied. 

Largely because of their role in nitrogen 

fixation and improvement of soil fertility, the use of 

pasture legumes has extended to many soils previously 

carrying native vegetation. On this newly-developed 

country however, conditions are not always favorable for 

legume nodulation and establishment • . For example, on deep, 

acid sands in South Australia problems in establishment of 

the two commonly-grown legumes, subterranean clover and 

lucerne, are well known. At Mt. Compass, in tne Adelaide 

hills, previous trials have shown ·that lucerne often fails 

completely, while subterranean clover may be yellow and 

unthrifty for many weeks after germination, On this and 

similar acid sands in the south east of Soutn Australia, 

the failure of legumes to establish has generally been 

attributed to poor nodulation, and a variety of causes, 

including low pH, low soil calcium, and poor Rhizobium 

survival, have been implicated. 

Further information on the reasons for legu~e 

failure in Mt. Compass sand is needed, particularly on the 
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effect of calcium and soil pH on legume nodulation. Liming, 

the addition of calcium carbonate or calcium hydroxide to 

soil, is a common method of overcoming nodula.tion problems 

on acid soils, yet its effects are not completely understoo~ 

By raising pH, lime is known to increase the survival and 

multiplication of rhizobia in the soil; raising pH may 

also allow better root development of the host. The 

calcium ion is also required by the legume for growth, and 

is essential for nodulation; even greater amounts are 

required for nitrogen fixation. Few experiments have been 

specifically designed to investigate these effects and 

their interrelationships in soils where nodulation problems 

have been encountered. This has been the principal 

objective in the present study. 

Field observations suggest that subterranean 

clover and lucerne differ in their requirements for growth 

and nodulation and that lucerne is less tolerant of 

conditions in these problem sands than is subterranean 

clover. (Warcup, Hockley, Powrie, unpublished.) This has 

important agronomic implications on these soils. Lucerne 

is often a more valuable plant agronomica.lly than is 

subterranean clover. With its deep-rooted perennial habit, 

it has the ability to utilise soil water more effectively 

and survive long periods of drought. The difference in 

behaviour of the two species is also of intrinsic interest, 

as it could reflect basic differences in the ability of the 

species and their associated rhizobia to withstand acid 



conditions, and in the need for and ability to absorb 

calcium. 

4 

The present study was undertaken to provide 

further information on the reasons for legume failure in 

the acid sands at Mt. Compass, and define more clearly the 

requirements of lucerne and subterranean clover for optimum 

growth and nodulation under these conditions. 

Initially water culture trials were used to carry 

out studies of the growth response of subterranean clover 

and :Lucerne to varying levels of calcium and hydrogen ions, 

uncomplicated by soil factors. Further experiments 

examined the effects of these ions on nodule formation, and 

the responses obtained were related to the function of 

calcium in the host species. 

The reasons for the failure of the two legumes to 

nodulate and establish satisfactorily in Mt. Compass sand 

were examined in a series of field and pot trials and the 

effects on nodulation of calcium, pH and Rhizobium number 

on the seed were investigated. The basic information 

obta:ined in water culture trials was used in interpreting 

the results. The effect of temperature on nodulation was 

also examined in a series of growth room studies, as it was 

considered that low winter temperatures at Mt. Compass were 

adversely affecting legume nodulation, and might possibly 

be interacting with soil chemical factors. 








































































































































































































































































































































































































































































































































































































































































































