
I. INTRODUCTION. 

1. The Nature of the Problem. 

The ability of soils to form crumbs under field, 

conditions is of the utmost importance in agriculture since 

the water and air relationships of soils, and consequently 

crop production, are a direct result of this property. In 

this connection two features of soil crumbs are important 

viz., the extent to which soil crumbs can resist mechanical 

forces such as pressure and friction (i.e. crumb hardness), 

which govern the stability of crumbs to cultivation treat­

ments and to the mechanical beating of rain, and the degree 

to which crumbs remain unchanged in the presence of excess 

water (aqueous stability). In such an excess of water soil 

crumbs slafce to different degrees, giving rise to smaller 

water stable aggregates, prime particles, or both. The 

end point of this si airing has been termed the "ultimate 

natural structure" of the soil (lb). 

Where both these properties work adversely the 

permeability of the soil to water decreases and results in 

erosion. This is particularly the case in the United 

States of America and in Canada where continuous ploughing, 

the loss of humus and exchangeable calcium have produced 

erosion on an enormous scale. This' has already 'thrown 

11,000,000 acres out of cultivation (17). Cuing to the 

rapid oxidation of humus, scanty cover and the terrific 

downpours, erosion also is a very real and ipenacing factor 

in tropical areas. 

It is obvious therefore, that soil crumbs are of 

prime importance to plant growth and in soil conservation 

throughout the cultivated parts of the world. Yet'data 

regarding these properties of the soil are very lacking, ! 

not because their significance is not realised, but because 

no suitable methods of measuring these properties are available 
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It is therefore 'the object of this investigation to try to 

develop a method, such that the measurement of these two 

major physical properties of soil crumbs can be made a 

routine laboratory analysis, and to see how the results 

ootained by such methods agree with the other properties of 

the soil, both physical and chemical. 

io is proposed to enumerate briefly the modern ideas concern­

ing the nature of these soil cr urabs and the factors influencing 

",i;'^-L Properties, since what is hoped to be measured eventually 

will be the resultant effect of all these age cies. 

2o theories of Crumb formation. 

The earliest theories suggested that soil crumbs 

were made up of mineral particles cemented by clay and humus 

coatings (53,24]. Hall (33) considered the colloidal 

envelopes to have no definite external surface but that they 

surrounded the mineral particles in a series of cells with 

gradually increasing hydration, so that a slow change took 

place from the grain to the solution. Comber (22,21) 

visualises a similar crumb. Such a theory is correct in its 

main features viz., that the soil primary particles are held 

together principally by the cementing action of the flocculated 

organic and inorganic soil colloids and the whole crumb is 

supposed to be bound together by loose physico-chemical 

forces (32). lore recently Russell (61,52) has developed a 

hypothesis based on the ''double layer" surrounding clay 

particles and the dipole moments of water molecules. Clay 

particles are held together by a series of "mater-cation-water-

clay particle" claims e 

Before proceeding to discuss methods of analysis, 


