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differ widely in the extent to which different bases in the soil may be re
placed by materials added, and these differences in the behavior of the 
mineral compounds of the soil almost certainly are reflected also in the 
biological conditions of the soil. 

Clays especially are but little understood. Chemically, to be recog
nized as silicates of aluminum, they are capable of varied composition, in
cluding traces of calcium, iron, and other elements. Clay soils are generally 
said to be difficult to handle, and many reasons have been suggested. The 
puddling of clay when it is wet is well known, but whether walking over a 
wet course results in puddling the surface, except in very extreme cases, 
is doubtful. It is probable that heavy rolling of a wet course Avill compact 
a true clay seriously, and might even puddle almost bare areas. The 
essential thing, where it can be accomplished, is to incorporate sand, ma
nure, or other vegetable matter in the clay so that it will flocculate or 
break up readily upon drying. If the soil regains a proper tilth upon 
drying it will not be injured by rolling. A soil surface which will not cake 
is a matter of importance in " tak ing" water when sprinkling grass, as 
well as in avoiding the hard surface of a fiery green. 

Hard soils are due primarily to a lack of proper flocculation of the 
soil particles. In clays, the flocculation brought about by the incorpora
tion of vegetable matter not only improves the flocculation of the clay 
but provides additional spongy or friable material, and therefore improves 
the yielding or springy character of the surface layer. The excellent 
springiness of natural soils composed largely of vegetable peats has sug
gested the use of peat mixtures with clay to improve the physical texture 
of clay greens. These mixtures have not proved especially satisfactory, 
and from the above lines of reasoning it appears that the unsatisfactory 
character of these mixtures may be due to the lack of soluble mineral 
elements in the peat, and accordingly its comparative lack of effect upon 
the composition of the clay materials. Peat mixtures with clay are apt 
to be streaky, the clay not mixing at all readily with the peat. On the other 
hand, the mixture of manure or of green manures with clay soils, even in 
lesser quantities, does materially improve the degree of flocculation and 
thus makes possible both the better aeration and more satisfactory absorp
tion of water. 

That a hard and fiery green is hard on the grass is obvious. Whether 
the injury to the grass is largely starvation for lack of proper plant food 
and of a steady water supply, is not so certain. That aeration Mas inade
quate has been suggested; that may have some effect, for some plant roots 
are very sensitive, while others can stand being either under water or 
sealed in soil almost indefinitely. Rice, for example, will germinate and 
grow under water, although most seeds can not either germinate or grow 
properly unless they have an adequate air supply. Grass seeds are quite 
sensitive to a lack of air supply; but it is not known how extensively this 
limitation applies to the vegetative stage of bent grasses. 

The difference in the effectiveness of watering by sub-irrigation and 
bv sprinkling has been ascribed to the better aeration likely to obtain in 
the case of sprinkling. Although sprinkling appears to be a more satis
factory method of wat°ring for grass and some other plants, it is possible 
that this may be due to stimulating the aerial portions of the plants rather 
than by changes in the air supply of the roots. Among the possibilities that 
should be investigated are the stimulating effects of carbon dioxid,. which 
might be incorporated in the sprinkling water. 


