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SUMMARY.

Five. soil types from coastal Queensland, representing hwmid tropical,
relatively dry tropical, and relatively dry sub-tropical districts, were exvamined
~for changes in structure induced by various kinds of physical treatment.

In order to assess change in structure, measurements were made of
relative percolation rate, maximum water-holding capacity, total pore space,
hardness of soil crust, and dispersion of silt and clay. Trealments applied were
dry working, wet working (at moisture equivalent and at sticky point), cropping
to beans, partial sodium-saturation and some combinations of these,

All treatments caused responses in some of the properties measuved,
indicating the dymamic nature of the soil's physical state. The same treatment
had. varied effects on different soil types, showing that in the present state of our
knowledge the correct cultivation of each soil type is a separate problem.

* Formerly Analyst, Bureau of Sugar Experiment Stations.
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W ater-holding capacity is not a constant for each soil type, but undergoes
positive and negative changes of considerable magnitude depending on the method
of manipulation. Pore space varies i a similar fashion but to a lesser degree.

Soil puddling caused by ingress of sodiwm ions is mot identical in its
physical effects with puddling induced by mechanical means.

The best treatment for restoring a hard-crusted soil surface to normal is
continued wetting and drying.

The Bundaberg red wvolcawic loam showed a phenomenal increase in
percolation rate after wet working ot or a little above its moisture equivalent.

Partial sodiwm-saturation appears to render some soils particularly sensitive
to subsequent mishandling.

The methods evolved in this work could be usefully applied in characterizing
soils whose physical properties are not known from field experience.

INTRODUCTION.

Although reliable methods are available for estimating the plant
nutrients in a soil, the same cannot be said for the evaluation of its physical
condition, and consequently the complete agricultural value of the soil ecannot be
adequately determined in the laboratory. This limitation can be especially
hampering when, as with virgin lands, there exists no previous field experience
upon which to form an opinion as to the behaviour of the soil under cultivation.
‘When irrigation of such lands is contemplated the problem becomes greater.
The paucity of sound methods for assessing the physical characteristics of a soil
is probably due, in the main, to two factors. Iirstly, the costs of cultivating the
soil are regarded as unavoidable expenditure, and the extra costs of struggling
with an intractable structure induced in the soil are ‘‘unseen’’ costs and come to
be regarded as equally inevitable. The fertilizer necessary for producing a crop
of sugar cane, for example, may cost no more than is expended on cultivation
operations, but whereas fertilizer is an obvious charge against crop returns, costs
of cultivation and especially excessive costs are not seen in this way, particularly
where the farmer does the work of cultivation himself. Secondly, apart from
the absence of an economic factor acting for the encouragement of work on soil
structure, the present lack of good physical tests is due to the need for more
knowledge of fundamental facts. The discoveries of cation exchange and
phosphate fixation have given a background of fundamental principles upon
which the student of nutrient deficiencies may work, but no adequate back-
ground exists in the field of soil physies. The investigations reported in the
present paper were concerned with the collection of fundamental data, in order
to further the time when theories of soil strueture will be more the natural
development from ascertained facts than they often are at present. It has seemed
to the writer that the present-day tendency is to study what constitntes good
soil structure (usually attained by tremendous additions of organic matter and
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demonstrated by measurements of the size of water-stable aggregates) and to
neglect both the opposite condition of bad structure and the study of those soil
properties, such as pore space and permeability, which are directly affected by
changes of structure. As an illustration of this, a search of the literature failed to
reveal a single complete definition, based on experiment, of a ‘‘puddled’’ soil. Asa
consequence of the tendency referred to, the general conclusion is reached that
if the soil is kept well supplied with organic matter the number of large
aggregates will be high and the physical condition of the soil satisfactory.

Under tropical and sub-tropical conditions it is not practicable to keep the
organic matter content high, so in these cases the advice becomes a counsel of
perfection ; moreover, such an outlook does not help in elucidating the changes
which take place in the nature of the soil when it undergoes a change in
structure.

SCOPE OF THE WORK.

In the present investigation various mechanical treatments were applied
to soils and an endeavour was made to measure the effects of these treatments
upon five properties of the soil-—the relative percolation rate; the maximum
water-holding capacity; the total pore space; the hardness of the soil surface
upon drying; and the degree of dispersion of the silt and clay particles.

The significance of these properties will be realised when it is considered
that irrigated tropical and sub-tropical soils should (a) possess a high degree
of permeability, (D) be capable of storing a large amount of water, and (¢) retain
a friable surface condition upon drying under a hot sun.

The implications of such desiderata will be considered further under the
discussion of the individual tests.

MATERIALS.

The investigation was commenced using in part ordinary laboratory soil
samples, although it was suspected that the normal preparatory treatment
necessary for soil fertility studies might be much too severe for the projected
work. The normal treatment for fertility studies in the laboratory of the Bureau
consists in air-drying a sample of about five pounds of soil until it is in the
best condition for passing through a 2 mm. sieve, and then continuing the drying
(in a thin layer on a metal tray) until there is no longer any visible change
taking place. Sometimes the sample is already dry when received and it is then
crushed using a wooden hand-roller and an iron baseboard. When the soil
sample is very dry considerable pressure is necessary, and the preliminary studies
showed that this treatment may entirely alter the physical condition of the soil;
all the later work was therefore performed on bulk samples, of about one bushel
each, which were taken in the moist condition and given as little crushing
treatment as possible. For this reason the values given in the tables for the
earlier and later samples of the same soil type do not always agree. In two cases
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virgin samples of the soil type under consideration were obtained, in order to
separate inherent tendencies from mere effects of past workings. The soil types
used are described in Table 1. ‘

Table 1.

DrscrIpTION OF So1n TyPES USED IN LABORATORY EXPERIMENTS.
3
Total Mechanical Analysis. ° % g 5
Soil. Colour and Lab. [ pg. | Nitro- 5> | 2& | Remarks,
Texture. No. gen, | 28 gg
Coarse| Fine . k) B
Sand, | Sang, | Silt- | Clay. | =R | &=
% % % % % % %
Cairns red schist | Red loam .. | 6351 48 012 77| 50-5| lo4| 254 152 | 19
Russell River | Yellowish brown 2412 50| 016 80| 376 | 239 305 | 288 28
alluvial . silty loam 6352 47| 021 101 | 205 | 31-1 [ 333 | 286 24
Burdekin alluvial | Dark grey silty J | 4825 601 018} 139} 406 | 209 | 246 225 15 Virgin
clay loam 6350 58| 011 2:6 | 540 | 197 | 237 | 214 13 soil
Bundaberg red | Red sandy loam 2411 55| 010] 316 | 242 | 141} 301 | 135 13
forest 6353 54| 011 [ 4641 238 62 236 11:3 10
{ 6354 71| 043 | 226 95 | 238 | 441 815 25 { Virgin soil
Bundaberg  red | Red loam 2410 | 63| 020 146 ) 102 | 157 | 595 | 250 | 25
voloanic (lateritic) ([ 6355 | 60| 017 | 128 | 86| 184 | 602 | 271 | 25

Many cultivated phases of the Lower Burdekin alluvial were also
examined and some further tests were made on the series of partially sodium-
saturated soils used by Cassidy (1944) in a previous soil .study. Meteorological
data for the four localities from which the soil types were obtained are given
in Table 2. The first two localities represent the humid tropics, the third the

Table 2.

METEOROLOGICAL DATA RELEVANT TO THE SEVERAL Soin Tvypms,

Mean Annual

: Mean .
Latitud Te rat °F. Relat:

Locality. (Degrees pnnual riperature Humidity

South). (Tnch (Per Cent.).

nehes). | pavimum, | Minimum.

Cairns . . .. .. . .. 17 89 85 68 78
Russell River o 173 162 82} 65 77
Burdekin Delta .. . .. 19% 41 84 64 62
Bundaberg .. .. . .. 25 44 80 60 64

relatively dry tropics, and the last the relatively dry sub-tropics. - Although the
latter two localities experience frosts, there are only about five per year and
their effect on the physical condition of the soil ean probably be neglected. The
rainfall, however, in all areas may oceur with tropical intensity, a few instances
of 10 inches of rain in 24 hours having been recorded for the two more southern
localities and many such for the others." o

Since the Lower Burdekin and Bundaberg soils are irrigated, it is clear
that all the soil types under consideration are subjected to a considerable impact
of water, whether as heavy rainfall alone or as rainfall and furrow-irrigation
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combined. In the present study the methods of investigation take cognizance of
this fact, for it is of no avail to measure carefully some temporary condition of
the soil if the stability of that condition to the impact of water is not also
determined. ‘

METHODS.

The methods used have been simple and in this way many more data have
been collected than would have been possible using some of the involved apparatus
described in the literature. Although these methods have not yet reached the
highest desirable degree of precision, they have been justified by the results.
The use of the original improperly prepared samples of soil previously referred
to has sometimes clouded the issue when comparisons are made with the later
and more carefully prepared samples; but, on the other hand, the difference in
method of preparation has sometimes simply provided a comparison between a
control and a dry working ‘‘treatment’’ and the results have been indicated
accordingly (see Appendix A, where the original sample No. 2410 is in effect
the dry worked treatment of No. 6355).

Reference has already been made (Cassidy, 1944) to certain of the
methods used. The simple apparatus employed is shown in Plate 1.

Keen-Raczkowski Test.

This was carried out in Coutts’ (1930) modified hoxes, with the additional
modification that the soil was passed through a 2 mm. sieve only, instead of
through the 100 mesh specified, in order to avoid changes of structure due to
fine sieving. Even the 2 mm. sieving was shown to have some effect on soil
properties, and it was used as little as possible. After sub-samples of the soils
had had any treatment involving moistening with water they were allowed to
come to optimum moisture content (ie., the best condition of friability as
determined by feel) and then broken down gently with the fingers. In cases
where this still resulted in a lumpy condition and prevented the surface of
the box from being struck off level, a small quantity of soil was very gently
ground in a mortar and used as a thin finishing-off layer. A modification was
also introduced for cases where contraction of volume occurred on wetting,
as for certain puddled soils, and when a soil at optimum moisture was used as
original sample. This modification is given in detail below.

Modification for Cases where Contraction in Volume Occurs on Wefting.

Select a sample of sand which retains its original volume on wetting. A sereened
faction 0.5-1.0 mm. is convenient and will have negligible hygroscopicity.

1. After making weighings (a) and (b) in the wsual way, immerse the dish in % inch
water as usual, until the soil is saturated. To obtain this state correctly, the dish must be
withdrawn from the water and shaken gently to fill the gap around the walls of the dish
with saturated soil and not (as would otherwise be the case) with water. Then make
weighing (e) of dish -4 saturated soil.

2. Pour dry sand from a small weighed heaker into the Keen-Raczkowski dish,
and strike off with a spatula to remove the excess. Diy the excess (if it has come into
contact with moisture) and return it to the beaker. Tind by difference the weight of dvy
sand (Ws) used.
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3. Divide Ws by the Sp.Gr. of the sand to find its volume (Vs), and multiply Ws
by the water capacity (Cs) of the sand to give the amount of water WsCs which this

layer of sand can hold.

N.B. The constants of the sand are determaned by making a Keen-Raczkowski test
on it in the ordinary way.

4. Again immerse the dish and when the soil and sand are saturated make weighing
(d). Proceed then in the usual way.

Caleulations.
) (e —a) — (e —a — Ws) 100
Pore Space = T
e —a — Ws
Sp. G -V —Vs — (d — e — WsCs)
Vol. Contraction — ‘%S x 100

As an indication of the reliability of Keen-Raczkowski data, Table 3 shows
the difference in water capacity necessary for significance at odds of 20 :1,
when duplicate determinations are made on both the normal, air-dried soil and
on the same soil after a treatment has been applied. It will be appreciated
that whenever more than duplicate tests have been made, a smaller difference
will be significant, depending on the actual number of replications. Thus in
Appendix A Lab. No. 2412, for six tests on the normal, air-dried sample and
two on any ‘‘treated’’ sample, the difference in water capacity required for
significance will only be 4.2 per cent. as against 5.2 per cent. when but two
measurements are made.
: Table 3.

S1GNTFICANT DIFFERENCES IN WATER CAPACITY DETERMINED
BY KEEN-RACZROWSKI METHOD

Significant Difference
Soil Type. Labhoratory Number. de(?éﬁigggiggzteand
odds 20 : 1).
482 02“3
. . 5 +2-

Burdekin alluvial . i 6350 150
. . 2412 +5-2
Russell River alluvial 1 6352 Ty
e J 241 +38
Bundaberg red forest \ 6353 154
6354 +-4-8
Bundabherg red volanie 2410 433
6355 +2-2

DESCRIPTION OF PLATE 1.

Apparatus used for making tests. Fig. 1, Moisture equivalent dish, showing (a) general
shape, and (b) perforated bottom. TFig. 2. Keen-Raczkowski dish, showing (a) filter paper
dise and split ring in position, (b) split ring removed from dish, and view of perforated
bottom. TFig. 3. Apparatus for determining relative percolation rate. Fig. 4. Hardness

instrument in use,
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The values of most interest are those for water capacity and pore space.
It should be noted that pore space is expressed as a percentage by volume. It
represents the total air space in the soil. Results are quoted without comment
and no attempt is made to divide the total pore space into hypothetical
capillary and non-capillary parts. The water capacity represents the maximum
amount of water which the soil can retain for a brief period '(there is usually
no loss by drainage during the weighing operation) when the box has been
standing in 4 inch of water. The box itself is % inch deep. Although this
value for water-holding capacity is obviously too high for temperate climates
and long drainage periods, there is much to recommend its use in place of
lower values of the order of the moisture equivalent when heavy rain or furrow
irrigation is the means by which the soil receives its moisture, and when high
evaporation and high transpiration tend to prevent conditions of slow
percolation from being established in the soil.

Relative Percolation Rate.

This simple test of permeability of the soil to water was devised not
as a measure of absolute values but as an indication of their relative order.
‘The original procedure (Cassidy, 1944) has been modified by using a Mariotte
bottle to maintain the head of water at constant level, and by adding the soil
sample to the leaching funmnel so that it falls gently at the junction of the
funnel and the water surface, when there is a depth of 10 em. of water in
the funnel. The cotton-wool plug and tap funnel are as previously desecribed.
By means of these standardizations of procedure better replications of results
were obtained, and it is only with very high percolation rates that large
differences between replications are likely to be obtained. Duly and Domingo
(1944), using a somewhat similar technique, showed that a change of tempera-
ture of 30 deg. F. did not significantly affect the results. The method is clearly
one for measuring saturated flow and using soil which has been disturbed from
its natural state. The latter condition is necessitated by the nature of the
investigations reported in this paper, and the former is the only one applicable
to the climatic and field conditions concerned. The data are expressed in
millilitres per minute and records were continued in some cases up to three
hours after commencement. - As a rule the 30 to 60 minute period proved
satisfactory in providing a relative percolation rate characteristic of the soil
and its particular condition at the time of the experiment. By taking this
time period zero errors were eliminated ; moreover, the normal decrease in rate
due to washing out of soluble salts had not usually commenced.

Christiansen (1944) has shown that high initial permeability, decreasing
with time, is characteristic of a de-aerated soil; whilst low initial permeability,
increasing for several days, is characteristic of soil containing entrapped air.
In the present paper, low values in a series of replicates are therefore more
likely to be suspect than are the high ones, and it is felt that the removal of
air when adding the soil sample through a water layer may yet be made more
complete by further modification of the present technique.
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Table 4.
HarDNESS oF Soi. CRUSTS ENCOUNTERED IN A CONTINUOUS SEQUENCE OF
TREATMENTS.
g s 4
= Sub-irrigated to Saturation, and Drained 10-15 | 3 i |
g Minutes, between Tests. . '§ 3 g "‘:«"
g - - AR
o B = =) =] [
= 5 = =] o [ =]
8 = @ H = "
® ] < 2 1 &0 =
& Mechanical 2 = = 3 g &
G Treatment (given Method of Removing Water. b 5 = S & P
© prior to drying). A S ,.g @ & g 3
& 2 5 & A a &
(| Nil =N , (| 1 2 1|1 2 55
14 | Nil . Ce:}f“fudg‘?dd?t 1?0 & 2 23| 1< 1 13| 6
iNil . en dried in oven 3 3 12 |l< 1 13 67
(1Nil - L (11 i<l <1 |1 33
9 < Nil . Dried in air, then in < 9 2 <1 <1 |<1 4
|| il L] oven | 3 2 <1 j«1 |«1 4
(1 il - N . 1 1 20l 1 <1 <1 5
34 | Nil . Cenﬁmf‘;gfdda'? 1,000 g; 2 2 1 <1 |<1 45
Nil B then dried in oven 3 9 I <1 <1 45
Nil . -+ |] Centrifuged at 1,000 g ; 1 2 1 j<1 |1 4:5
4< | Pressed lightly dried in air (2§ days), 2 6 2% 3 4 15:5
|| Pressed heavily’ then in oven 3 12 7 8 7 34
(| Nil . . 1 i<l |1 |1 35
5< | Nil » Ce;‘mf‘;g‘?d at 500 g 2 4 2 1 |<1 7.7
Nil - hen dried in oven 3 9 4 21 1 16-3
Pressed heavily » 1 14 7 9 3 33
64 | Pressod lightly | . Centrifuged at 500 g; 2 | 11 6 3 3 | 23
Nil B N then dried in oven 3 7 9 1 1 11
Nil Dried in air and sun 1 9 4 2% 1 165
791 Nit .. |\ Dried in air (2} days), 2 %] 5 15-2
Nil . then in oven 3 6 2 1 1 97

All dishes emptied out, and the dry, lumpy soil returned to the respective dishes and
sub-irrigated. The wet soil was shaken till it subsided to an even surface.

‘Wet =oil shaken " 1 55 4.7 1 139

84| to an even Ce;g“f‘zlg‘?dd at 260 g 2 4 | 34| 17 1 9-8
surface en dried im oven 3 2 3 1 1 6‘7

1 4-4 3 15 1 96

9 | As above As above 2 5 2:4 1-2 1 93
3 3:7 2 1 1 74
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Table 4—continued.

HarpNESS OF SoIL CRUSTS ENCOUNTERED IN A CONTINUOUS SEQUENCE OF
TREATMENTS—continued.

2 Sub-irrigated to Saburation, and Drained 10-15 = . | % &
g Minutes, between Tests. £ z g k<!
g ) I - - - -~
7 = <
A % g ) E 'g ué‘
= 2 = E o :) 2
P Mechanical 3 £ & g g £
o Treatment (given Method of Removing Water, a % 2 e el -
°© prior to drying). e E g % g E
& = A & a 2 &
r . N
Centrifuged at 250 g;
soils tipped out, then
returned to dishes
Pressed heavily J and worked with 1 te30 136] 21 21 >86
10<{| with turning rubber stopper down & >30 13 20 206 >84
motion to level surface 3 [>30 14-2| 194} 198 >83
again (sec ‘‘ Treat-
ment ’).  Dried in
| oven J
Nil ‘. .. |Dried in a1, then in 1 14 7 5 9 35
sun and oven
11 . Lo .
Nil .. .. | Dried in sun, then in oven 2 22 7 . 33| 104 431
Nil .. .. { Dried in oven .. . 3 154 5 3 2 25%
Dried in air, then in sun 1 13 9 5% 8 36
Wet soil shaken || % °V"
12 to an even Dried in sun, then in oven| 2 16 9 6 6 37
surface :
Dried in oven .. .. 3 17 10 6% 2 3¢

Note : g = acceleration due to gravity.

Hardness Test,

This test, which has also been previously deseribed (Cassidy, 1944) was
further developed to shorten the necessary drying time. In order to do this
the subirrigated samples of soil were centrifuged in their containers as for
an ordinary moisture equivalent determination. (If required, the determina-
tion of moisture equivalent was completed by making the necessary weighings
in the original dishes, applying a correction for the water held by the filter
paper dise). Table 4 gives a continuous record, in chronological order, of the
treatments applied to a series of soils and of the hardness of the soil surface
after treatment. The numerical values are mean readings on the hardness
instrument, four or more individual readings usually being obtained before
the breaking up of the soil cake prevented any more readings being taken.
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The results show clearly that:—

1. The hardness test indicates changes produced by the various soil
treatments given.

2. Centrifuging and oven drying are permissible expedients. (This
is later modified for certain Burdekin soils).

3. Pressing the moist soil increased the hardness according to the
amount of pressure applied.

4. Wetting and drying alone will cause the recovery of a ecrusted
soil, but in severe cases several repetitions of the treatment
are required.

The hardness test thus evolved was used to determine the effect of
other treatments upon the soil. It was then found that for certain Burdekin
soils conclusion 2 above does not apply. The action of eentrifuging the wet
soil is sufficient to give a considerably higher value for the resultant hardness
when cultivated Burdekin soil, and especially soil that is partially sodium-
saturated, is used. The results shown in Table 4 were obtained with virgin
Burdekin soil. '

In Table 5 are shown segregated the effect due to draining the centrifuge
dishes and that due to the action of centrifuging. It will be seen that it is
immaterial whether or not a 10-15 minute drainage period is allowed before

Table 5.

SnowiNg HOW CENTRIFUGING (BUT NOT DRAINING) AFFECTS THE HARDNESS VALUE
RECORDED FOR CERTAIN BURDEKIN Sorrs.

Lab. Phase of Burdekin Alluvial Soil. , Dguined | Centrifuged | Drained and
4825 | Virgin soil. Clods very lightly crushed .. . 39 42 4.0
1229 | Cultivated soil .. .. .. .. . .. 50 13-3 12-9
4826 | Cultivated soil .. .. . .. .. .. 15 11-6 13-2
1219 | Cultivated soil .. .. .. . .. .. 9-4 10-1 17:5
3635 | Cultivated soil .. .. .. . .. . 10-4 14-7 14-0
3637 | Cultivated soil .. . .. .. .. .. 86 13-8 12:7
Average value for the Cultivated soils .. .. .. 70 127 14-1

centrifuging, but the action of the centrifuge does cause a higher hardness
value to be registered; presumably this is due to the working suffered by the
soil sample as it settles under the centrifugal force. Table 6 shows the
influence of centrifuging at a forece of 250 times gravity and then at 1,000
times gravity. The difference between the centrifuged and the non-centrifuged
samples is greater in the latter case than in the former, further indicating
that, for these soils, the act of centrifuging constitutes a ‘‘treatment.”” It
is interesting to note that in this phase of the work, where the same samples in
the same dishes were used, being centrifuged first at 250g and then at 1,000g, the
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Table 6.

SHowIiNG THE INCREASES IN HARDNESS DUE TO TWO DIFFERENT RATES OF CENTRIFUGING
. OF CERTAIN BURDEERIN SoILs.

Sub-irrigated and Drained.
Lab. Phase of Burkedin
No. Alluvial. Centrifuged |  Not | BT || Cenirifuged |  Not Tnereaso
ab .50 g. | Centrifuged. | qotihictyo | at 1000 g. | Centrifuged. Ceﬁg&&é’in ..

(1) (2) 3) 4) (5) (%) )

4825 | Virgin soil. Clods 68 6-9 —0-1 4-4 1.9 25
crushed

1228 | Cultivated soil.. | . 50 4-1 09 37 1-0 2:7
1229 | Cultivated soil. . 9-7 72 2:5 10-0 2:2 7-8

6229 | Cultivated soil, . 57 4-5 1-2 2.1 <1 —
Cultivated soil. . 11-3 104 0-9 88 3-8 5:0
Average for all soils .. 77 66 1-1 58 1-8 40

absolute values are lower in columns 5 and 6 than in columns 2 and 3 because of
the intervening wetting and drying which has taken place. The Burdekin soils
which showed inereased values of hardness after being centrifuged were those soils
which owing to partial sodium-saturation or bad management, or both, readily
gave high values under other methods of handling. It is a moot point whether,
in determining the hardness values of such soils, the tendency of the normal
conditions of the experiment to produce high values in some soils should not
be allowed to take its course, since the super-sensitiveness of these soils will
give rise to this result very readily under field conditions. Occasionally soil
types other than the Burdekin alluvial gave increased hardness values after
centrifuging, but the increases were of a lower order than with the Burdekin
soils.

Calibration of Hardness Scale.

It is of interest to know the actual pressures exerted by the hardness
instrument. By pressing with the point of the instrument on one seale pan of
a balance in order to equalize various weights loaded on to the other pan,
the curve shown in Figure 1 was obtained. An instrument reading of
26 divisions corresponds to a pressure by the needle of about 1,000 atmospheres,
or 15,000 1b., per square inch. Up to this reading the relationship is linear.
The calibration curve did not change during 12 months’ usage. The limit of
the instrument was about one and a-half times this pressure, the curve showing
rapid increases of pressure for small increases in readings at the end of the.
range,

In preliminary experiments on the hardness developed in soils' upon
being mishandled it was found that wet working by kneading the soil with
the fingers often produced a condition on drying that was impenetrable to the
soil penetrometer. As it is desirable to be able to distingunish between one
soil condition and another (however bad they may be), and also to work
somewhat nearer to the treatment experienced by the soil in the field, another
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method of mishandling the soil was adopted, bringing the hardness values
within the range of the instrument. This treatment consisted in centrifuging
the samples exactly as for a moisture equivalent determination, and then
subjecting them whilst at this moisture content to pressure, with a slight
turning motion, applied through a rubber stopper. The stopper just fitted
the moisture equivalent cup containing the soil, but allowed freedom for
turning. In applying the test one of a pair of cups was placed on each pan
of a heavy duty balance of the type known as ‘‘druggist’s scales.”’ To one
side was added the requisite weight of approximately 5 kilograms. Pressure
was then applied manually to one soil surface through the medium of the
rubber stopper until the balance just assumed the equilibrium position; at the
same time the stopper was turned through a right angle. This procedure was
carried out five times. The whole treatment will hereafter be deseribed
in this paper by the terms ‘‘pressed heavily’’ or ‘‘heavy pressure.”” The
pressure exerted on the soil by this heavy pressure treatment is 500 g. per
sq. em. or approximately 7 lb. per sq. inch. The wheel pressures of a number
of erawler-type tractors were found from specifications to be 5-6 1b. per square
inch, whilst the air pressure in rubber-tyred tractors is commonly 10-15 Ib. per
square inch. It is therefore clear that the heavy pressure treatment given in
these laboratory experiments is of the same kind and of the same order as
that experienced by the soil when, say, a rubber-tyred tractor turns on a
headland. It is of interest to note that such heavy pressure on a soil which
is in particularly bad physical condition may induce in the final dried surface
a hard crust which requires 2,000 times the original pressure to break through
it. ‘

A second treatment, desceribed by the terms ‘‘light pressure’” and ‘‘pressed
lightly,”” was also made use of and this was simply one-tenth of the heavy
pressure value, It was used in those cases where the particular laboratory
treatment given to the soil left it in a lumpy condition unsuitable for the
application of the penetrometer test. Appendix C shows that this light
pressure, applied even at the relatively high-water content of the moisture
equivalent, does not unduly increase the hardness readings. In fact, where
the original untreated values were high, the additional wetting and drying
involved in subjecting the samples to ‘‘light pressure’’ treatment was sufficient
to cause an actual reduction in the readings. Tt may be noted in passing that
this method of working the soil is restricted to the small amounts held in the
centrifuge cups and is therefore not suitable for the treatment of large samples.

For the preparation of such samples another, more empirical and less
reproducible method, had to be used. It consisted in weighing 700-800 g. air-dry
soil into a 9-inch diameter crystallizing dish, adding gradually from a burette
enough distilled water to bring the total to the moisture equivalent, meanwhile
incorporating the water with the soil by stirring with a 9-inch steel-bladed
spatula. When the soil had assumed a uniform colour it was worked with
100 strokes of the spatula, moving the blade with a sliding motion across the
soil lying under it. The blade was scoured clean between strokes, with a °
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smaller spatula, as required. When smaller samples of worked soil were needed
the number of strokes was reduced somewhat proportionately to the weight
of soil, with a minimum of 20 strokes for a 20 g. sample. 'This treatment is
referred to in the tables as ‘‘worked at moisture equivalent,”” ‘‘worked at
30 per cent. moisture,’” etc. It will be realized that the effects produced on
different sized samples thus treated will be the same in kind rather than in
degree,

Dispersion of Silt and Clay.

The remaining physical property of the soil measured in these studies
was the dispersion of the silt and clay particles. The ordinary mechanical
analysis of the soil, with complete dispersion, was carried out according to the
International Method (Robinson, 1933)., The soil was then subjected to the
same pipette method of analysis, but without any pretreatment with hydrogen
peroxide and hydrochloric acid. In other words, the distribution of clay, silt,
and sands was determined without altering the state of dispersion existing in
the particular sample on hand. This, of course, constitutes an inverse aggregate
analysis in which the attention is fixed on the small particles and not, as is
usual, on the large aggregates. The percentage dispersion was then caleulated
by dividing the actual silt and clay present in the particular sample by the
total silt and clay in the completely dispersed soil. This determination was
made because of the prevalent idea in the literature of soil science that a soil
in bad physical condition is simply a soil with its clay dispersed. In this
paper it is shown that, although saturation with sodium will cause poor physical
condition associated with dispersion of the clay, mechanical working of a soil
at an unfavourable moisture content may cause little change in its dispersion
whilst degrading its physical structure in no uncertain manner as shown by,
sav, its percolation rate or its hardness value. It therefore becomes clear that
dispersion '(and especially dispersion of the clay alone) is not in itself a
sufficient explanation of poor physical condition in soils. If percentage
dispersion had been defined in terms of clay only, instead of silt plus clay,
partial sodium-saturation would have been the only treatment which produced
any considerable amount. of dispersion; and the identification of all cases of
poor physical condition with a high degree of dispersion of the clay would
appear still more erroneous.

TREATMENTS.

The treatments used in this work were (a) dry Working; (b) wet
working; (¢) partial sodium-saturation; (d) eropping to beans; and (e) some
combinations of these.

Dry Working.

This treatment merely consisted in grinding the air-dry soil in a porcelain
mortar, using no more pressure than was readily applied by a ‘‘pencil grip’’
on the pestle instead of the customary fist grip. Some idea of the fineness of
the soil resulting from this treatment may be gained by referring to the
fourth column in Table 7.
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Wet Working,

" The methods of wet working have been explained, inter alia, on
pages 102-103.

Partial Sodium-saturation.

The partially sodium-saturated soils of a previous investigation  (Cassidy,
1944) were used in this work. These soils contained no soluble salts, the latter
having been removed during the preparation of the soils, '

Cropping to Beans.

Three of the soil types—the Burdekin alluvial, the Russell River
alluvial and the Bundaberg red forest soil—were cropped to beans in order
to determine the effect of root growth on the soil. At the same time the effect
of dry working these soils was combined with the straight-out influence of the
legume. Five-inch or 6-inch unglazed pots, painted grey on the outside to
reduce evaporation and maintain soil temperature, were used. Sufficient air-dry
s0il of numbers 4825, 2411, and 2412 to give a kilogram of soil at optimum
moisture was employed. The requisite amount of moisture was gently incor-
porated with the normal air-dry soil in one case and with the dry-worked soil in
the other. The moistened soils were transferred to tared pots and the pots were
weighed. These weights were used when adding water to restore loss by evapora-
tion, and when transpiration became important a correction was made for it.
Six seeds of the Brown Beauty variety of French beans were planted in each
pot. The seeds were planted at a depth of £ inch and none failed to germinate.
The experiment was eontinued for nine weeks after planting, and at that time,
although germination and growth had been very slow owing to the cool weather
prevailing, the most advanced plants were bearing young beans. During the
trial the soils were never allowed to approach the wilting point for very long
before water was added; in this way the surface layer suffered wetting and
drying about 35 times during the course of the experiment, and this may have
had some effect on the ‘‘pot*’ soil samples as a whole, but, of course, not as
between the members of a pair. Water was always added gently to the normal
soils, but without care to the dry ground ones.

Owing to an error the moisture content of the Bundaberg red forest soils
was kept too low in the early part of the experiment, and this delayed growth in
these two pots very considerably. As the cotyledons emerged the date was
noted, and later unwanted plants were removed, leaving two average-sized plants
growing in each pot. Towards harvest a small quantity of nutrient solution

was added, but as the total addition of ions was less than .15 milli-equivalents
per pot, and as each one of a pair received equal amounts, the added salts should
have no effect on comparisons of structure. At harvest the plants were washed
free of soil, and both green and dry weights of the plants and of the plant roots
- were obtained. The soils were removed from the pots, mixed, and air dried for
testing. Table T gives the relevant data.
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Table 7. .-
Por ExpERIMENT DATA.
. E f :
. F(‘h%é?ess m%rlgi?gf” o Green Weights (Grams).
Soil Type. Treatment. N% tl/{Ja xfsls votat | mimne Hoots as
mm.). No. |(Days). Tops. Roots. P§£0§g€gfe
Burdekin Normal, air dried 1 40 6 30 5-80 0-75 11
alluvial Dry ground 2 90 4 52 6-42 0-58 8
Bundaberg red Normal, air dried 3 72 5 58 3-34 1-70 34
forest Dry ground 4 90 5 58 4-27 1-88 31
Russell River f Normal, air dried 5 51 6 23 13-65 462 25
alluvial | Dry ground 6 80 5 42 7-13 1-83 20

It will be seen that dry grinding prevented the emergence of some of the
seedlings and greatly added to the time necessary for the last seedling to come
through. In no case was germination at fault, but the cotyledons were held
down in the soils of bad structure and in some cases they either snapped off
in the hypocotyl region or otherwise failed to break through the soil crust. The
proportion of roots to total plant was higher for the normal soil in each case, but

Plate 2.

Bean plants grown on soils subjected ‘to various treatments. (1) Burdekin alluvial;
normai, air dried; (2) Burdekin alluvial; dry ground; (3) Bundaberg red forest soil; normal,
air dried; (4) Bundaberg red forest soil; dry ground; (5) Russell River allivial; dry ground;
(6) Rusgell River alluvial; mormal, air dried.- Note that theé order for Pots 5 and 6
has been reversed. . . . B

B
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no test of the significance of this was possible in the absence of replicates. The
low absolute value of this ratio for the Burdekin soil indicates its inferior
physical status, for its plant nutrient content is as high as that of either of the
other soil types. Plate 2 shows the plants from the respective pots at harvest.

REFERENCE STANDARD OF STRUCTURE.

One of the conclusions reached in this paper is that, at least in the present
state of our knowledge, each soil type needs to be treated as a particular case.
It is therefore desirable to adopt a definite condition of the soil as a standard
of reference and it is natural to fix on the air-dried state as the one to be so
chosen. The normal condition is, then, that which results when the soil has been
wetted and then thoroughly air dried. It is, of course, assumed that there is no
immediate past history of gross mishandling in any way. That this norm is a
good selection is supported by the data in Table 4, which shows that wetting and
drying will expunge the effects of any prior treatment that is not too severe, at
least as far as the hardness of surface crusts is a eriterion. McGeorge (1937)
adopted the dispersion in the air-dry state as his zero correction, when
expressing dispersion in any other condition as a ‘‘degree of puddling.”” The
air-dry state has been adopted in Table 9, which summarizes by plus and minus
symbols the effect of various physical treatments on the several properties dealt
with in this paper.

FIELD INFORMATION.

Clods.

It is clear from the nature of this investigation that very little of the data
can be garnered in the field. For example, it is not practicable to have a field
just at the moisture equivalent when it is to be worked, and then to have it
dry out completely and be re-worked in the dry state. Still less can these
conditions be realized at will in a series of soils, and the samples be brought to
a central laboratory without change. It is for this reason that treatments such
as dry grinding in a porcelain mortar have been used, though they are not
replicas of field operations. They do, however, represent types of mishandling,
and it is hoped that better laboratory treatments will be devised in the future.
Some field samples have, however, been obtained, including samples of clods
formed in three fractious soils. Hardness determinations made directly on the
dry clods showed that whilst 3-inch clods tended to be harder than 2-inch and
these harder than 1-inch, there was no appreciable difference between the hard-
ness inside and outside the larger clods, except where an implement had left a
smooth, glazed surface. In that case there was an extremely hard skin about
a quarter-of-an-inch thick, below which the hardness values were somewhat less.
Table 8 shows some of the results.

Bach figure for the dry clods represents an average of 10 or more readings.
It was found advantageous to use a hollow, wooden wedge to hold, the clod steady
when making these readings (see Plate 1). Measurements recorded in the other
columns were made by the standard procedure using moisture equivalent cups.
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Table 8.
Harpness REapings oN Fiewp Crops.
Dry Clods.
Clod: Slcl](gds
lod. Clods ods aked ;
11?;). ) Soil. Max. Dimension. Cg,;’hé‘d, 513129:14 Crai%%% gnd gﬁﬁtgfgéﬂf
Heavily.
1 P 3

4825 | Burdekin alluvial 11 18 .. 20 9:0 4-8 92

6331 | Burdekin alluvial .. 28 28 12:6 73 26-4 13:6

Burdekin alluvial 22 28 28 12-8 .92 17 22:5

In this case preparation by merely crushing the clods before subirrigating and
drying the sample in the standard manner appears to be the best procedure to
adopt in assessing the relative hardness of the soils.

Evidence of Field Officers and Farmers.

In order to test the conclusions to which these laboratory experiments have
led, a questionnaire was submitted to extension officers, who gave (by collaborat-
ing with practical farmers) the experience and the opinions of those closely
associated with the cultivation of the several soil types regarding the behaviour
of the soils in the field. As a result of the questionnaire the Burdekin alluvial
and to some extent the Cairns red schist soil were rated as ¢‘sensitive to handle’’
and the others as more tolerant, indicating no serious conflict between the labora-
tory findings and practical experience in the field. Some properties, such as
water capacity and pore space, cannot of course be evaluated by simple field
observations,

RESULTS.

The measurements on each of -the soil properties studied are recorded in
the Appendixes. These should be consulted for all details, but for convenience
Table 9 has been drawn up to provide a survey of the whole field. It should be
noted that this table merely provides a resume of the main findings and is
approximate only. It is not a simple compression of the data.

DISCUSSION.

The first fact that emerges from a review of the data is that all soil
types reacted in some way to any treatment which was used in these experi-
ments. In many cases more than one of the properties measured was found to
have undergone a change, and the changes were often of considerable magnitude.
The increase in the percolation rate of the Bundaberg red voleanic soil type,
due to working at or slightly above the moisture equivalent, was spectacular;
for by this mechanical means the normal high percolation rate of the subtropical
red loam was increased fourfold, to the equivalent of a light gravel. The
treatments to which the soils were subjected were admittedly rigorous in some
cases, and they may not reflect very well the action of field operations. It
is well known that the effect on the soil of a wooden mouldboard is different
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Table 9.
SvMMARY oF Rmsurnts.
Soil and Treatment. va]:)?:if;y Srl;ggg Dispersion, Perlcizkaét.lon Ilfggl.-
Basis of Evaluation. Change in Normal Value.
Actual Remarks.
Reading|
+=5% +=25% +=x2 of
Legend. (Negative Signs show ++=10% + 4+ =509%, 4+ =x4 | Instru-
corresponding decreases). +++=20%| +++=100%| ++ +=x8 ment.
++ 4 +=40%
Burdekin alluvial—
Normal values 62 56 40 4 4
Dry ground in & mortar ——— _— 0 —_— 10
Worked at the moisture 0 + 0 —— 7 Moisture equivalent
equivalent = 22%
Worked at the sticky point. . 0 0 +++ _——— 28 Sticky point = 309%
Cropped to beans in pot ex-| —— 0 — 0 1
periment
Partially sodium-saturated, . - 0 + 4 ——— 16
Ditto; and ciropped to cane| — —— —— 0 16
for 40 years
Ditto ; and dry ground —_— 44+ — 26
Ditto ; and wet worked - ++ 4 - Impene-
trable
TRussell River alluvial—
Normal values .. 60 54 24 7 1
. J++ + + - 3 See  comments in
Dry ground in a mortar . . Appendix A.
Worked at the moisture| -++ + -+ 4 Moisture equivaient
equivalent = 28%
Worked at the sticky point.. | +++ | +++ +++ —-——— 13 Sticky point = 44%
Cropped to beans in pot ex-| ++ + ++ - + 2
periment
Partially sodium-saturated .. | -+ + ++ ++ - 1
Bundaberg red forest—
Normal values 37 45 18 8 <1
Dry ground in a mortar —— — ++ — 3
Worked at the moisture -+ + ++ 2 Moisture equivalent
equivalent =12%
‘Worked at the sticky point.. | ++4 | +++ ++++ - 7 Sticky point = 22%
Cropped to beans in pot|++4+++| +++ —— ++ 1
experiment
Partially sodium-saturated ..| -+ + + ++ 0 <1
Bundaberg red volcanic—
Normal values 60 56 9 8 1
Dry ground in a mortar - — +++ - 8
Worked at the moisture| -+ 4 + ++ ++ 1 Moisture  equivalent
equivalent = 26%
Worked at the sticky point.. | +++ ++ — 7 Sticky point = 36%,
Cropped to cane for 40 years -— 0. 0 _—— 1
Cairns red schist—
Normal values 45 50 13 9 1
Dry ground in a mortar 0 0 + — 6
Worked at the moisture + -+ + + 4 0 3 Moisture equivalent
equivalent = 156%
Worked at the sticky point. . 0 0 21 Sticky point = 34%
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from that of a steel one, whilst in these experiments porcelain, glass, rubber,
and steel surfaces were all used at different times. Nevertheless, the experiments
have further demonstrated the essential dynamic nature of soil in the physical
sense, The changing nature of the physical condition of a soil has long been
recognized in respect of the dispersion of the fine particles (usually the clay
is specified) and also in respect of the hardness of the soil clods. It is also
well known that the absorption of sodium ions by the soil results in decrease
of permeability to water and in inereased hardness of the soil clods. That the
physical manipulation of the soil in any way may effect these properties has
been given much' less consideration, and measurements of such effects appear
to be very few.

It is believed that the dynamic nature of the maximum water-holding
capacity of a woil has mnot previously been fully recognized and
quantitatively reported. v. Nostitz (1932) recognized the dependence of water
capacity upon the particular structure of the soil existing at the moment. e
showed the determining influence on water capacity of the actual process of
sieving during preparation of the sample; and he found also that pulverizing
the soil to reduce the particles to less than 1 mm. (prevailing soil moisture not
stated) increased the water capacity considerably. However, his only coneclusion
from this work was that water capacity was of no use as a ‘‘single value”’
constant for the appraisal of soils. The water capacity or field capacity of a
soil has always been regarded as a fixed quantity, the absolute value for a
given soil depending only on the particular method of measurement, provided
the chemieal composition of the soil remains unchanged, as for example in
regard to total organic matter. Shaw and Swezey (1937) stated: ‘‘Hach soil
has a definite capacity for moisture which is inherent in the physiecal structure
and chemical nature of that soil and does not change with season nor with the
plant species grown therein.””  Veihmeyer and Hendrickson (1943),
summarizing the known facts, stated the following :—*‘Structure is the manner
in which the soil particles are arranged. It hag little effect on the field capacity
(for water) but may influence the permeability of the soil to water.”” Table 9
shows clearly that the static concept of a soil’s moisture-holding capacity must
be abandoned in favour of a dynamic view which allows of very considerable
fluctuations, either positive or negative, from the normal mean value. Table 9
shows how the water capacity, as measured by the Keen-Raczkowski test, may
~ change by either a positive or a negative quantity, and the absolute amount
of change may be such as to be of great practical importance. For a complete
prosecution of this aspect it would be necessary to determine if physical
manipulation of the soil affects that portion of the soil moisture which is not
available to the plant—i.e., below the wilting point.

In general the changes of total pore space are similar to those of water
capacity but of lesser magnitude. It may well be that these two factors—
primarily, water capacity, and, secondarily, aeration—are the ones directly
affecting the plant when
reported. '

a favourable state of aggregation’’ of the soil is
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It will be seen also that the dispersion is increased by many of the
treatments, but that the growing of beans caused a definite aggregation of the
soil particles. :

Percolation rate was decreased by practically all treatments. The
phenomenal effect of wet working upon the Bundaberg red volcanic soil is
referred to in the comments on Appendix B.

The second outstanding conclusion to be drawn from Table 9 is that
the various soil types have responded differently to the same treatments,
although the two Bundaberg soils behaved very much alike. This means that,
until such time as it is shown that some complete concept is applicable to all
goils, each and every soil must be regarded as a separate problem in itself.
Certain treatments are shown by Table 9 to have both good and bad effects
on the same soil. For example, the water-holding capacity has in many cases
shown a very favourable increase due to wet working—a treatment which
invariably causes some increase in the hardness of the soil clods. If the latter
effect. is not very serious, it may become a sound method of management to
carry out cultivation at a higher moisture content than would have been
countenanced in the past. Clearly there is now a need to test the laboratory
findings by field trials in order to work out the best cultural practice for each
soil type. Other field treatments of proven value, such as the application of
large amounts .of molasses to cane lands, should be capable of more accurate
assessment by means of the methods described in this paper. One such assess-
ment, for example, has been made on samples from two similar blocks of
Burdekin alluvial land, one of which had had an application of molasses in
1942 and the other in 1943. Hardness tests, without centrifuging, were made
on these samples, which were originally in poor physical condition, and showed
the following values:—

Molasses Applied. Hardness Determined in 1944,
8 tons per acre in 1942 o .. . 13.4
5 tons per acre in 1943 .. .. .. 5.5

It is clear that a recent application of 5 tons per acre of readily decom-
posable organic matter is better in its action than 8 tons applied a year
previously.

In the discussion of the method for determining the hardness of
soil erusts it was shown that wetting and drying is the best corrective for an
unduly hard soil erust. In terms of field practice, especially ,in cases where
spray irrigation is used, a procedure is thus indicated for the amelioration of
land which has formed hard clods or a crusted surface.

Evidence from other countries shows that now is the time to take stock
of the prevailing theories of soil cultivation and to test the value of the methods
at present recommended. The former theory that continual cultivation, by
maintamming a dust muleh, preserved moisture under hot conditions has been
discarded by scientific workers, at least for conditions normally met with.
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Other ideas based largely on tradition will need to be closely examined also.
Bennett and Allison (1928) after describing the remarkable Matanzas loam of
"Cuba, which can be cultivated without ill effeet at very high moisture content,
had this to say of the Bayams type of dense intractable clay:—‘Fields were
found where knifing and cross knifing to depths of more than 2 feet with
subsequent deep plowing and harrowing, at large expense, $60 per acre in one
instance, was followed by a flowing together of the disturbed clay into its
original state of unfavourable density with the first saturating rains.”” The
possible futility of some operations is also indicated by the conclusions of Cole
(1939) who found that ‘‘the wetting of the soil, both by winter rains and by
irrigation water, brings about changes in the size distribution of aggregates
that are often as great as changes brought about by tillage implements.”” Nor
is the unorthodox to be feared, as is shown in the success attributed by Wadham
and Wood (1939, p. 180) to a method evolved specifically for dealing with a
particular intractable soil in Vietoria—i.e.,, wet ploughing using a skeleton
mouldboard.
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APPENDIX A.
KeEN-RAcZROWSKI DATA,
Maxi- No.
Soil and Treatment. Asppp Wator S]]igf:%’ Sgn(l“;r 1‘17311) of Remarks.
Gr. holding Tests.
Capacity]
% % %
(weight) {(volume)
Burdekin alluvial—
Lab. No. 4825—
Original moist sample 104 62-7 558 2.21 11 6
Air dried, remoistened, sieved and
dried " 1-00 60-6 564 %16 2:0 3
Dry ground lightly 110 54-3 56-2: 220 21 2
Dry ground more severely 1-18 48:2 510 2:22 66 11
Worked at sticky point*. . 0-99 624 58-2 2-24 41 4 | Sticky point = 309,
Worked at sticky point, then dlv 122 46-3 516 2:32 6-3 2
ground
Dry ground, then worked at sticky 0-98 639 588 2-28 46 2
point
Dry ground, then worked at 24 % 1:00 624 588 2-30 47 2
moisture
Cropped to beans 1-06 553 54-8 224 42 3 | Pot. No. 1
Dry ground ; cropped to beana 1:06 (581) 569 2:25 35 3 | Pot, No. 2
Partially sodium-saturated—
Soil E (8:3% Na) 1-01 64-1 59-0 234 33 2
Soil € (12:0% Na) 1-04 59-7 567 228 44 2
Soil B1 (15:8% Na) 1-04 587 55-9 2-24 46 2
Soil D (16'6% Na) 1-11 549 534 2:26 60 2
Soil A (16:8% Na) 1-08 52:1 (53-0) (2-22) —ve 2
Soil B2721-4% Na) 1-07 535 54:6 2:28 2-0 1
Soil T (84:9% Na) 117 52:5 529 2-47 —2-6 2
Soil B Dry ground 115 495 53-8 2:40 2:6 1
Worked at 28% mmstmo 1-04 557 567 2:29 17 1 | Lateral movement of
water almost nil
S(nl A Dry ground . 1-18 50-6 53-2 2:26 99 1
‘Worked near sticky 1)omt 099 54:3 .. .. —ve 1
Soil B2 Dry ground 1-17 46-8 531 2-41 13" 1
Worked near sticky ])oint 1-07 —ve 1
Lab. No. 1219 (14-49% Na)— Field sample
Normal, air dried 1-09 - 551 543 2:17 8:0 2
Dry ground . 1-:00 57-8 57-0 2:20 . 4
‘Worked near sticky pomt 1-:02 528 53-7 2-14 —ve 2
Tield sample 113 482 50-0 217 —ve 2 1129% Na. Culti-
vated for cane, 40
Tab. No. 6350— years
Original moist sample 0-88 523 534 216 | —22:6 4 | 119% moisture
Normal, air dried 111 52-4 52:3 2:20 75 10
Air dried ; cloddy sample 1-16 48-8 512 2:24 53 4 {Small clods -~ were
gently crushed
Dry ground . 1-16 49-1 50-2 2:20 56 2
‘Worked at moisture oqmvﬂont 0-88 548 51-2 196 | 191 4 | Moisture equivalent=
21-4%
Russell River alluvial—
YLab, No. 2412—
Normal, air dried 1:09 555 53:0 216 84 6
Dry ground . .. 0-98 616 555 2:14 2.7 5
Worked at sticky 1)0111t L 091 712 62-0 2:22 3:0 2 | Suicky point = '409%,
Dry ground, then worked at stlc],v 0-94 64-1 585 2:25 20 3
point
Worked at sticky point, then dry 095 586 551 =12 —ve 3
ground
Partially sodium-saturated (18%) 0-94 66-2 577 214 44 2
Cropped to beans 0-89 700 593" 212 15 1 |Pot. No.5
Dry ground ; cropped to beans 0-89 706 59-2 2:11 23 1 | Pot. No. 6

* Sticky Point indicates point of maximum stickiness.
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APPENDIX A—continued.

KeeN-RACZKOWSKI DATA—Ccontinued. . . o

: Maxi-
No.
Soil and Treatment. "%%p v%‘égi- slﬁﬁrci, ngl(l;'?r' E)%. of Remarks.
Gr. holding Tests.
Capacity
% % %
(weight) {(volume)
Lab. No. 6352—

Normal, air dried .. . 1-03 613 560 2:10 60 10

Dry ground . 0-94 588 57-8 216 —4-6 2

Worked at moisture eqmva,lent 0:84 721 616 219 | —208 2 | Moisture equivalent
= 28:6%

Worked at moisture equivalent, 094 671 573 2:06 89 2

then air dried
Bundaberg red forest—
Lab. No, 2411—

Normal, air dried o N 1-31 350 43-9 2:2b 42 2

Dry ground .. 1-37 32-2 426 2:32 29 3

Worked at sticky pomt 112 454 51-8 2:28 —ve 2 | Sticky point = 20%

‘Worked at sticky point, then drv 1-37 343 440 2:35 42 2

ground

Dry ground, then worked at sticky | 1-06 49-3 B 2:25 Nil 3

point

Partially sodium-saturated (156 %) 1-28 409 470 2:30 56 2-- .

Cropped to beans . .. 1-10 47-6 51-8 2:30 04 2 | Pot. No. 3

Dry ground ; cropped to beans . 1-06 510 526 2:22 13 3 | Pot. No, 4

Lab. No. 6353—
Normal, air dried .. .. 1-24 387 46-0 2:24 1:0 2
Dry ground .. .. .. 1-81 353 [ 430 2-26 —10 2

. . 091 (43+6) 484 217 | —23+4 2 | Stored 2 weeks
Worked at moisture eqmvalent{ 112 447 468 2.05 48 o | Stored 10 weeks
Worked at moisture equivalent, 116 42-8 486 226 2:2 2
then air dried
Bundaberg red voleanic—

Lab. No. 2410— . N

Normal, air dried .. .. 1-24 465 518 2-86 82 2

Dry ground .. 1-24 447 52:6 2:46 50 2

Worked at moisture equwalent 093 617 584 2:38 —20°7 5 | Moisture equivalen$
= 2560%

Worked at moisture equivalent, 102 60-7 582 2-30 36 6

then air dried ’

Worked at sticky point, then air 097 647 59-9 228 31 3 | Sticky point = 35%,

dried

Worked at sticky point, then dry | 116 48-2 55-8 248 2:8 2

ground

Dry ground, then worked at sticky | 0-95 660 599 225 27 3

point
Lab, No. 6356—

Normal, air dried .. .. 112 60-7 56-2 2:20 60 4 | Cultivated for cane for
40 years. (Cf. 6354,
virgin phase of this.
s0il)

Crushed, dry .. 1-22 46-8 547 2:32 56 2

‘Worked at moisture eqmva,lent 0-84 688 60-3 236 —22-9 7 | Moisture equivalent
= 271%

Worked at moisture equivalent, 094 675 59:8 2:22 38 6

then air dried
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APPENDIX A-—continued.

KEeEEN-RACZEOWSKI DATA—continued.

Maxi-

. App. mum Pore True Vol. No.
Soil and Treatment. SpI? Water- | Space. | Sp. Gr. | Exp. of Remarks.
Gr. holding Tests.
Capacity,
% % %
(weight) |[(volume)'
Lab. No. 6354—
Normal, air dried AN | 110 67-3 564 2:00 165 4 | Virgin soil. (Cf. Lab.

6355 for same soil
cultivated for 40

years)
Crushed, dry . .. .. 1-14 65-9 569 2:12 17-3 2
Worked at moisture equivalent. . 094 79-8 640 2-27 —82 2
Worked at moisture equivalent, 097 785 604 2:07 16-8 2
then air dried
Dry ground . .. .. 1-07 710 596 225 114 2
Cairns red schist—
Lab. No. 6351—
Normal, air dried e .. 1-23 446 49-6 2:30 6:6 2
‘Worked at moisture equivalent. . 085 489 53-2 2:35 | —290 2
Worked at moisture equivalent, 1:06 53-3 53-0 2-23 2-0 2
then air dried '
Worked at sticky point .. .. 116 454 (52:0) 2:29 50 2 | Dried and remoistened
Dry ground .. e .. 1-24 434 496 2-36 6:0 2
COMMENTS.

Burdekin alluvial.

Dry grinding caused a considerable decrease in water capaeity, the amount of change
being proportional to the severity of the treatment. Pore space was affected to a smaller
extent, Wet working had mno significant effect on water capacity. When dry grinding and
wet working were applied sueccessively the last treatment used expunged the effects of the
former treatment, Increasing sodium-saturation gave progressive lowening of the water
capacity and, to a lesser extent, of the pore space. Partial sodium-saturation also prevented
the attainment of enhanced values by wet working. The: treatment of cropping to beans
in a pot experiment failed to improve the soil, and the final result was a lower water
capacity than before,

Russell River alluvial.

There is a discrepaney between the responses of the two samples to dry grinding.
This may be due to the dissimilarity in properties shown in Table 1. Wet working,
cropping to beans, and even partial sodium-saturation had favourable effects on the water
capacity and pore space.

Bundaberg red forest.

Dry grinding was the only unfavourable treatment as regards water capacity and pore
space. Wet working, cropping to beans and partial sodium-saturation each produced sub-
stantial inereases; whilst in the case of altermate dry grinding and wet working it was the
effect of the last treatment to be applied which persisted in the soil.
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Bundaberg red vqlcanic.

Wet working was favourable and dry grinding unfavourable to the achievement of
high water capacity and pore space. As with other soil types, the latter treatment expunged
the effects of the formenr. :

Cairns red schist.

Wet working at the moisture equivalent (but not at the sticky point) caused an
inerease in water capacity and pore space. Dry grinding was without effect.

In all soil types except the Burdekin alluvial, wet working enhanced the water -

capacity and the pore space. Dry grinding had the opposite effect on most of the soils
used., The favourable result recorded in some ecases of partial sodium-saturation may
be a secondary effeet from wet handling during the process.
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APPENDIX B.

RELATIVE PERCOLATION RATES.

Percolation Rate ml. per Minute.

Other Burdekin alluvials—

Lab. No. 1219 (14:4% Na)—
Normal, air dried
Dry ground

Lab. No. 4826 (12:9% Na)—
Normal, air dried .

‘Worked at 18% moisture

Soil and Treatment. Remarks.
31 1-13 | 132 | 2-2% | 218 | 3-8F
Hour. | Hour. | Hour. | Hour. | Hour. | Hour.
: % % % % % %
Burdekin alluvial—
Lab. No. 4825—
Normal, air dried 44
Remoistened and sieved 08 .. .
Partially sodium-saturated—
Soil B (83 % Na) . 36
Soil € (12:0% Na) 58
Soil A (16'8% Na) .. .. 05 .
Soil D (16-5% Na) .. . 02
Soil B2 (21-4%) 0:0
Soil F (84'9% Na) 00 .
Soil ¢ Dry ground 16
Cropped to beans .. 63 Pot. No. 1
Cropped to beans ; remoistene 0-7 Pot. No. 1
and sieved
Dry ground ; cropped to beans 52 Pot. No. 2
Dry ground ; cropped to beans; 0-1 Pot. No. 2
worked at sticky point
Lab. No. 63560—
Normal, air dried . { ;g ;; ;g 22 - -
ﬁ———Lﬂﬁﬁ
Original moist sample .. 2:5 18 15 12 14
26 1-9 1-6 1-4 17
246 296 221 . P
Original moist sample ; stored ﬂ 357 332 315 . Soil micro-flora
6 months 265 298 20-5 206 active
Original moist sample ; stored 0-8 0-9
6 months, then worked at 0-9 06
11% moisture
: . N 17 16 16 13 14 12 Optimum  moisture
Moistened to optimum moisture { 11 09 07 07 06 05 } — 159
1-6 30 57 52 .
Worked at optimum moisture { 1.2 10 0-9 08
24 21 19
25 21 1-9 ..
Worked at moisture equivalent { 06 0-4 0-4 03 Moisture equivalent
05 04 0-3 0-3 =214%
[ 85 30
| 88 83 .. ..
Worked at moisture equivalent, % 5.7 4rd 41 37
then air dried 99 88 85 81
4-8 44 4:3 4:0
L 50 47 45 3-8
I)ry grOund . { 2:4 .. . .
2-4 2:2 2:0
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APPENDIX B—continued.

RELATIVE PERCOTLATION RATES—coniinued.

' ! - » Percolation Rate ml. per Minute.

Soil and Trentl‘;nen’ﬁ. Remarks,
(. ; +—1 1-1% 132 2% 23-3 3-3%
| i Hour. | Hour. | Hour. | Hour. | Hour. | Hour,

i % % % % % %
Lab. No. 6476— : .
Normal, air dried .. . 1-6 12 - . . o 8 tons per acre

molagses in 1942

Lab. No, 6477—
Normal, air dried .. o 47 39 .. .. .. .. 5 tons per acre
. : molasses in 1943

TRussell River alluvial—
Lab: No. 2412—

i I I R IS N S
. . 66
Normal, air dried .. o 46 . S .. ..
46 39 35 3-2 2:8
60 40 35 31 29
89 . .
58
Dry ground .. . .. 31 .. .
Partially sodium-saturated 2:9 co .. ..
(18% Na) : ‘ '
Remoistened to 20% moisture, 3-8 ;

then sieved )
Worked at 20% moisture .. 59 e . .. .. ..
Worked at moisture equivalent, 60 50 48 . . .. | Moisture equivalent
then air dried 70 59 56 e .. .. = 23-8%
Worked at 40% moisture 06 Vi .. . .. .. Sticky point = 43%

} 10-1 . Lo .. . .
' ! 147 136 12-9 o e ..
Cropped to beans = .. 1., 7-9 63 55 . .. .. Pot. No. 5

11-3 104 10-2
130 121 116

119 109 10-8 . . )
5-2 o .. .. . ..
! 10-2 9-7 91 . .. ..
Dry ground ; cropped to beans 95 86 85 sl o .. Pot. No. 6
! | 61 54 42 . .
! ‘ 102 | 102 85 . . .
| oiLise 130 127 . - o oY
I | . . ‘ i
Lab. No. 6852— | ‘ , : f
Normal, air dried | .. VAL 58 50 41 :
! I 51 44 3-8 ol
Dry ground ‘ e 18 17 e | | .
j Vo148 | 117 | 108 . o .
Worked at moistur*a equivalent i 182 158 143 | .., L . Moisture equivalent
| : 237 21-4 20~g i : = 286% -
‘Worked at moisturg equivalent 80 65 6-0 Vot o
and air dried : { 82 64 59 v -
N 1o
i

Bundaberg red forest—
Lab. No. 2411—

i
i H
Normal, air drjed | .. .. i 45
i )
i
|
i

N
i e Al e et
o
-
-
<>

f
[ 87 g |
38 31 4
41 3.3 2 24 23
Dry ground ! 23 1 L :
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APPENDIX B—-continued.

RELATIVE PERCOLATION RATES—CONIiNUEd.

Percolation Rate ml. per Minute.
Soil and Treatment. Remarks,
-1 1-1% 132 2-2% 24-3 3-3%
Hour. | Hour. | Hour. | Hour. | Hour. | Hour.
% % % % % %
Partially sodium-saturated 40 . . e .. ..
(16% Na)
Remoistened to 10% moisture, 2:6
then sieved
‘Worked at 10% moisture .. 63 .. .. .. .. .. Optimum  moisture
=13%
‘Worked at moisture equivalent, 67 50 40 .. .. .. Moisture equivalent
then air dried 56 41 33 . .. .. =185%
Worked at 20% moisture .. 1-0 .. .. .. .. .. Sticky point = 21%
[ 82 62 50
| 148 11-0 . .. . ..
Cropped to beans .. LKoo 68 56 .. .. . Pot. No. 3
| 85 7.0 o7
% 83 62 54
47 3-2 2-7
82 73 69 .. S .
Dry ground ; cropped to beans 103 87 80 .. .. .. Pot. No. 4
9-0 v ..
L1125 94 82
Lab. No. 6353—
9-8 67 55
11-8 95 97 . .
Normal, air dried .. . 152 107 7-0
9-3 66 59 .. .
119 88 86 62
Dry ground .. .. .. 3-8 3:3 30 27
31-3 254 212 . .. .
279 20-2 16'5 N .. .. Moisture equivalent
‘Worked at moisture equivalent 360 .. .. o . .. = 11'3%
372 .. .o e ‘.
74 49 3-6 .. ..
11-3 89 84 .. . .
10-5 78 66 . .. .
‘Worked at moisture equivalent, 15-8 86 10-0 .. ..
then alr dried 140 11-2 9-2 . ..
14-7 115 99 .. ..
15+4 12-5 10-7 .. .
156 12-0 96
Bundaberg red volcanic—
Lab. No. 2410—
58 . ..
66 .. . . .. .
Normal, air dried .. .. 65 .. .. e ..
54 .
6:9 .
Dry ground .. .. .. 2.4 .. . .. .
Remoistened to 20% moisture 88 .. .. . .. .
Remoistened to 20% moisture, 43 .. .. .. .. .. 2 mm. sieve used
then sieved
Worked at 20% moisture .. { 87 PR
6-8 . o
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APPENDIX

B—continued.

RELATIVE PERCOLATION RATES—continued.
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Percolation Rate ml. per Minute,

Soil and Treatment. Remarks,
-1 113 | 132 | 22} | 228 | 3-8%
Hour., | Hour. | Hour. | Hour. | Hour. | Hour.
% % % % % %
Worked at 22% moisture 7-8
373 ]
267
Worked at moisture equivalent 34-5 LMoisture equivalent
>50 . o o .. i =25%
300 17:3 15-0 10-2 98 |
35-0 185 112 70 65 J
Worked at 27% moisture 23-8
Worked at 30% moisture 11-7
Worked at 35% moisture 2-9
Worked at 38% moisture 20
‘Worked at 40% moisture .. 21
‘Worked at moisture equivalent, 8:0
then air dried 84
Lab. No. 6355— Cultivated for cane for
(69 40 years. (Cf. 6354,
| 91 virgin phase of this
Normal, air dried . . j 74 . . soil)
6:3 55 42 .
L 68 48 41 33
‘rushed lumps .. 3-8 2:9 31 2:2
Dry ground .. .. { 2:4 21 18 17
2-8 2:4 2:2 2:0 ..
(387 22-8 135 92 82
Worled at moisture equivalent |[{ 87-5 247 225 155 158
302 233 19-7 .. ..
f-_—/%
16-2 10-8 10-1 83 9:0
120 85 82 6:8 64
Worked at moisture equivalent, 11-8 8:6 86 78 89
then air dried 144 11-8 10-7
L 169 148 12-1
Lab. No. 6354— Virgin soil -
277 20-8 .. .. Not passed throughs
Normal, air dried .. 22:9 181 157 145 sieve
238 215 220 19-3 }Passed through 2
57:7 520 .. .. .. mm. sieve
Crushed lumps . { 24 17 18 15 16
2:3 16 1-6 1-3 13 ..
(—_J\__‘\
272 180 31-8 11-3 110 Moisture equivalent
487 320 263 16-3 17-1 =316%
Worked at moisture equivalent 233 147 124 95 82 69
51:3 31-0 241 16-6 11-3 83
476 333 258
26-8 210 18-8
‘Worked at moisture equivalent,| [ 114:0 920
then air dried 970 72-0
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APPENDIX B—continued.

RELATIVE PERCOLATION RATES—cOntinued.

Percolation Rate ml. per Minute.
Soil and Treatment. Remarks,
3-1 1-1% 142 2-2% 23-3 3-3%
Hour. { Hour, { Hour. | Hour. | Hour. | Hour.
©Cairns red schist — .
Lab. No. 6351— : : ——— ey
( 98 67 64 67
; 95 68 70 76
Normal, air dried =~ .. .. 9-3 69 70 76
88 6:2 6-9 Td
10-2 84 84 |° 73 80 63
' ‘ 116 9:2 88 79 ] 62
Dry groand .., .. .. 63 60 56 .. ..
. e
; i 141 103 93 10-4
Worlked at moisture equivalent (< 10-9 62 48 48
‘ Poliss 117 99 83
[ 61 3.7 31 .. . .
Worked at moistme eqmvalent < 93 77 84 74 7-9 .. N
then air dried 89 71 74 78 64 .
; ; }17'2 132 104 85 .. .. Dried partially and
Worked at sticky point . remoistened to
: ' 11-9 107 98 95 . .. optimum moisture
i ! ,
! | B @
‘ : COMMENTS

Working a,t[the mo;lstme equlvalent produced an melease in the percolation rate for
all soil types except the CBurdekm alluvial. In'the case of the two Bundaberg soils this
increase was remarkable ,lbut the red voleanic soil was the only one to retain a gleatly
augmented rate after ﬁnal air (lrymg ‘

The Buldekm alluwal appeared to be 1mp1'oved by Wettmg and drying. and by
cropping to beans, i ‘

The pelcola.tlon 1'ate of all soﬂs was demeased by vy gundmg

|
i
'
!
i
¢

I : | |

? ~

i i
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APPENDIX C.
Harpxess DaTa.
Sof § N s Mean
oil and Treatment. Hardness Readings. Value. Remarks.
Burdekin alluvial—
Lab. No. 4825—
In original lumpy condition .. 1
Lumps crushed 3:9%; 4.2 .. *Sample not centrifuged
Dry ground 4-0
Cropped to beans—
Pot No. 1. Normal, air dried 1-0; 15 1-2
. Pot No.1. Dryground 5%; 8 .. *Sample not centrifuged
Pot No. 1. Worked at moisture eqmvalent 8-0
Pot No. 1. Pressedheavily at 24 % moisture 20-8
Pot No, 1. Worked at sticky point 2845
Dry ground ; cropped to beans—
Pot No. 2. Normal .. o 20
Pot No. 2, Dryground .. 9%; 15°0; 174 .. *Sample not centrifuged
Pot No. 2. Pressedheavilyat249% mol%ture 206
Partially sodium-saturated—
Soil E (8:3% Na). Normal, air dried 7*; 15 *Sample not centrifuged
Soil D (16:59% Na) .. . 17* .. *Sample not centrifuged
Soil A (16:8% Na) .. 20% ; 24 . . *Sample not centrifuged
So0il B2 (21:4% Na) Almost impenetr able
Partially sodium-saturated, then mishandled—
Soil B, Dry ground . 17-8
Worked at 15% moistule 30
Worked at 20% moisture Imp.
Soil D. Dry ground . . 25
Worked at 25% mmsture Imp.
Soil A. Dry ground 29
Worked at 25% mmsture Tmp.
Lab. No. 6350—
Original moist sample 6:7;7:3; 70 7-0
Normal, air dried 4-0
Re-wetted, centrifuged, then dned .. 4.0
Re-wetted, then air and oven dried 5:5; 65 6-0
Dry ground .. . 102 .. ..
Worked ab optimum mmsture (15%) .. .. 1-5 | Pressed lightly
‘Worked at moisture equivalent 737,78 7-2 | Sub-irrigated, centrifuged,
pressed lightly
Pressed heavily at moisture equivalent ;gg lgfirg?nfi i;::)igys:gl;ﬁa lise a
Pressed heavily at sticky point Impenetrable ..
Other Burdekin alluvials—
Lab. No. 1229 (6% Na)—
5:0; 72; 54; 58; 5-8% | *Sample not centrifuged

Normal, air dried .. . .

Dry ground . .. .. . ,

Remoistened only to optimum moisture
Worked at optimum moisture .. ..

c

—M

11+4; 140; 17-8;
12:7; 13'6; 11-8

Just penetrable

* Sample not centrifuged

Sample not centrifuged
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APPENDIX C—continued.

Harpnuss DATA—continued.

Mean

Soil and Treatment. Hardness Readings. Value. Remarks,
Other Burdekin alluvials—continued.
Lab. No. 4205 (10% Na)—
%
Normal, air dried { 132 } *Sample not centrifuged
241

Pressed heavily at moisture equivalent

Lab. No. 4824 (21% Na)—
Normal, air dried

Remoistened only to optimum moisture
Dry ground . . .
Worked at optimum 1n01sture .

Russell River alluvial—

Lab. No. 2412—

. Normal, air dried .. o
Dry ground
‘Worked at moisture eqmvalent

‘Worked at sticky point .. N

Partially sodium-saturated (18%)
Cropped to beans in pot experiment ..

Lab. No. 6352—
Normal, air dried .. N ..
Dry ground . N
Pressed lightly ab mmsture equlvalent
Pressed heavily at moisture equivalent
Worked at moisture equivalent

Pressed heavily at 86% moisture
Worked at sticky point . .

Bundaberg red forest—

Lab. No. 2411—
Normal, air dried .. o .
Dry ground .. .
‘Worked at moisture eqmvalent

‘Worked at sticky point .. .. o

Partially sodium-saturated (15%) ..
Cropped to beans in pot experiment . ..

Lab. No. 6358—
Normal, air dried .. .. ..
Dry ground
Worked at moisture equ1valenf.

Pressed heavily at 14% momture
‘Worked at sticky point . .. ..

25:0; 176
18+4; 180

22:3;

Just penetrable

1;2.
40 15 39

{

3; 15 15; 15 ..

11:0; 4:0; 69

3:0; 42

1-0; 40; 32

15;1;1;1

18
30

AN

58; 78

}20~3

4

Sub-irrigated and centrifuged
Pressed lightly
Sub-irrigated and centnfuged

Moisture equivalent = 28-6%

Sub-irrigated, centrifuged,

pressed lightly

Pressed lightly

Sub-irrigated and centn_fuged
Pressed lightly
Sub-irrigated and centnfuged

Not centrifuged
Centrifuged

Centrifuged and pressed lightly
Pressed heavily

Pressed lightly ‘
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APPENDIX C—-continued.

HarpNESs DATaA—continued.

Soil and Treatment, Hardness Readings. %‘ﬁg Remarks,
Bundaberg red voleanic—
Lab. No. 2410— .
Normal, air dried . .. . . . <1
Dry ground e .. . PN .. 56
f 1 Pressed lightly
Worked at moisture equivalent .. 1 1 Sub-irrigated and drained
3:2 | Sub-irrigated and centrifuged
Lab. No. 6355—
. <1 Sub-irrigated and drained
Normal, air dried SR { 2:8 | Sub-irrigated and centrifuged
Dry ground .. .. .. 1108 .. .. . :
<1 Pressed lightly
1-5 | Centrifuged and pressed
Worked at moisture equivalent o . lightly
2:0 | Sub-irrigated and drained
L 4.6 | Sub-irrigated and centrifuged
Pressed heavily at moisture equivalent .. .. 57 | Moisture equivalent = 27-1%
Pressed heavily at 30% moisture .. .. 191938 .. .. 9-2
‘Worked at sticky point .. .. .. .. . 82 | Pressed lightly. Sticky point
38%
Lab. No. 6354—
. . <1 Virgin soil
Normal, air dried v { 3-4 | Sub-irrigated and centrifuged
Crushed gently and sieved o .. o465 48 . 47
Dry ground .. . e .. 90 L. . .. .
Pressed heavily at moisture equivalent .16:7; 88 o .. 7-8 | Moisture equivalent = 31-5%
‘Worked at sticky point .. . .. |60; 70 .. .. 6:5 | Pressed lightly. Sticky polnt
= 548,
Cairns red schist—
Lab. No, 6351—
Normal, air dried .. 1-0
Dry ground . .. .. .. ..]6:1; 30 .. .. ..
‘Worked at moisture equivalent .. .. .. 3:4 | Pressed lightly
Pressed lightly at moisture equivalent .. . 10 | Moisture equivalent = 15:2%
Pressed heavily at moisture equivalent .| 24; 65 . ..
Pressed heavily at 28% moisture .. . .. 21-7
‘Worked at sticky point . . .. .. .. 119:0; 226 .. .. Pressed lightly, Sticky point
= 35%
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APPENDIX D.

(Silt + Clay) in sample

PrroENTAGE DISPERSION = (Silt -+ Clay) at complete dispersion. X 100
R Per-
Soil and Treatment. Qoarse | BFine | git. | clay. | oentase Remarks.
persion,
% % % % %
Burdekin alluvial—
Lab. No. 4825—
Completely dispersed .. 13-9 406 209 246 100-0
Normal, air dried . 147 670 169 14 40-2
Dry ground .. .. .. 175 635 167 23 418
Worked av optimum .. 29-8 53+9 13'8 25 35'8 | Optimum moisture = 15%
Worked at moisture equivalent 16-8 620 191 21 46:6 | Moisture equivalent = 22-59,
Worked at moisture equivalent, | 181 54-0 246 3-3 613
then dry ground
Worked at sticky point 156 50-8 261 75 73-8 | Sticky point = 30%
Cropped to beans 231 636 12-3 10 292
Partially sodium-saturated—
Soil K (8:3% Na) 16:8 627 186 1:9 451
Soil D (16'56% Na) 146 527 271 56 719
Soil A (16-8% Na) 157 559 250 3.4 624
Soil B2 (21'4% Na) 13-2 46-3 280 12+5 890
Soil F (84:9% Na) 14-2 442 229 187 914
Partially sodium-saturated, then
mishandled—
Soil D. Dry ground. Woiked 11-7 52:8 29:0 65 780
at 33% moisture 13-2 42:4 25-8 186 976
Soil A. Dry ground. Worked 11-3 51-8 29-4 75 811
at 30% moisture 125 420 24-2 21-3 100-0
Soil E. Worked at 15% mois- 17-1 600 194 35 503
ture
Lab. No. 6350—
Completely dispersed .. 26 540 197 237 100-0
Normal, air dried 12-1 70-8 156 15 394
Dry ground .. 79 720 180 21 46°2
Original moist sample . . . 159 832 17-3 3-6 481
Worked at moisture equivalent 65 756 1567 22 41-2 | Moisture equivalent = 21-4%
‘Worked at moisture equivalent, 59 716 203 22 518 '
then dry ground
Dry ground, then worked at 5.7 716 19-6 31 52:2
meoisture equivalent
Other Burdekin alluvials—
Lab. No. 1220—
Completely dispersed .. 42 231 412 315 1000
Normal, air dried .. 12:7 67:9 17-3 21 26-7
Lab. No. 1221—
Completely dispeised .. .. 96 26-8 310 326 100-0
Normal, air dried 167 659 15-3 2:1 274
Lab. No. 1222—
Completely dispersed .. 86 38:0 34:9 185 | 1000
Normal, air dried 10-3 745 13-3 19 2856
Lab. No. 1228—
Completely dispersed .. 287 . 890 5:0 27-8 1000
Normal, air dried .. 20-6 67-8 10-4 12 359
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APPENDIX D—continued.

(8ilt + Clay) in sample

PERONNTAGE DISPERSION = (Silt + Clay) at Complete Dispersion

X 100—continued.

Per-
Soil and Treatment. %%%rds? SI}E;;& Silt. Clay. ce]r)x;:_ge Remarks,
persion.
% % % % %
Lab. No. 1224—
Completely dispersed .. .. 19 46-3 24-8 270 100-0
Normal, air dried .. .. 35 800 13-8 27 31-9
TLab, No. 1225—
Completely dispersed .. .. 86 55-7 156 20-1 100-0
Normal, air dried . 4-3 838 105 14 - 20°1
Lab. No. 6331 (Clod Sample)—-
Clods completely dispersed . 52 331 299 318 100-0
Clods slaked .. .. .. 28:0 501 195 24 356
Clods crushed .. . .. 4:2 57:4 322 62 622
Russell River alluvial—
Lab. No. 2412—
Completely dispersed .. . 80 376 239 305 100-0
Normal, air dried .. . 80" 766 14-3 11 28:3
Dry ground o 94 715 16-9 2:2 351
Dry ground, then wotked at 51 895 222 3.2 46-7 | Sticky point = 43%
sticky point
‘Worked at sticky point, then 62 63-9 24-8 51 55-0
dry ground ) .
Cropped to beans .. . 19-8 677 117 0-8 230
Partially sodium-saturated .. 81 68-2 20-8 2:9 436
(18% Na)
Labh. No. 6352—
Completely dispersed .. .. 10-1 205 311 383 1000 .
Normal, air dried .. .. 309 54-8 1247 16 20-6
‘Worked at sticky point . 38:8 33:3 22-9 50 40-2 | Sticky point = 52%
Bundaberg red forest—
Lab. No. 2411— .
Completely dispersed .. .. 316 242 141 301 100-0
Normal, air dried .. . 39-1 51-1 8:6 1-2 22-2
Dry ground .. 36-8 49-3 12-1 18 31-4
Dry ground, then w01ked at 375 556-8 59 0-8 152 | sticky point = 21%
sticky point
Worked at sticky point, then 352 467 156 2:5 409
dry ground
Cropped to beans .. . 444 501 51 04 12-4
Partially sodxum-satmated 385 479 12-2 14 30-8
(156% Na)
Lab. No. 6353—
Completely dispersed .. .. 464 23-8 6:2 236 | 100:0
Normal, air dried .. . 570 386 39 0-5 148
Worked at sticky point .. 54:3 324 10-6 2-7 44-6 | Sticky point = 23%
Bundaberg red voleanic—
Lab. No. 2410—
Completely dispersed .. .. 146 10-2 157 595 100-0
Normal, air dried .. .. 581 346 59 14 97
Dry ground .. 43-3 406 136 2:5 21-4
‘Worked at moisture eqmvalent 64-9 236 74 41 153 | Moisture equivalent = 25%
Dry ground, then worked at| 31-8 588 84 1-0 12'6 | Sticky point = 85%
sticky point
Worked at sticky point, then 307 459 205 29 311
dry ground
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APPENDIX D-—continued.

(Silt 4+ Clay) in sample
(Silt - Clay) at complete dispersion

PERCENTAGE DISPERSION = X 100—continued.

Per-
Soil and Treatment. %g‘;fg?’ S%gg_ _ Silt. Clay. ce]gti;?_ge Remarks.
persion,
% % % % %

Lab. No. 6355— Cultivated for cane for 40 years.
Completely dispersed .. .. 12:8 - 86 18-4 60-2 100-0 (Cf. No. 6354, virgin phase
Normal, air dried .. .. 48:8 453 4:7 1-2 75 of same soil)

Worked at moisture equivalen 579 30-9 7-2 4-0 14-2 | Moisture equivalent = 27%

Lab. No. 6354— N
Completely dispersed .. .. 226 95 23-8° 44-1 100-0 | Virgin soil
Normal, air dried .. .. 723 22-0 45 12 84

Cairns red schist—
Lab. No. 6351—
Completely dispersed .. .. 7.7 505 164 254 1000
Normal, air dried o . 17:0 776 5.1 0-3 12-9
‘Worked at moisture equivalen 185 729 79 07 20-6 | Moisture equivalent = 15-2%
Worked at sticky point .. 11-5 835 46 0-4 12:0 | Sticky point = 35%
Dry ground .. .. .. 150 781 66 0-3 165

COMMENTS.

Burdekin alluvial.

Neither dry grinding nor working at the moisture equivalent caused a very great
increase in the dispersion. These treatments, applied successively, gave a cumulative result
which was the same regardless of the order in which the treatments were given.

Wet working at the sticky point caused a much increased dispersion.

Partial sodium-saturation caused a large increase in dispersion and when this was
followed by dry grinding or wet working the results appeared more than additive. A
15 per cent. sodium-saturation followed by working at the sticky point was sufficient to
cause complete dispersion.

The original moist field sample was improved by air drying; and cropping to beans
was the only treatment which showed an improvement above the mormal air dry condition.
Other Burdekin samples varied in normal dispersion from 20 per cent. to 35 per cent. Hard
clods slaked down to a normal value but if crushed they retained a high dispersion.

Russell River alluvial.

Dry grinding increased the dispersion, as also did partial sodium-saturation. Dry
grinding followed by working at the sticky point eaused a 50 per cent. increase in the
dispersion and the same treatment in reverse order was even more effective. Cropping to
beans definitely assisted granulation of the particles.
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Bundaberg red forest.

Dry grinding and partial sodium-saturation both increased the dispersion. Dry
grinding followed by working at the sticky point produced a lower dispersion than the
original normal value; but the same treatments in reverse order left a much more dispersed
soil. Cropping to beans produced a very definite improvement in the amount of dispersion.

Bundaberg red volcanic.

Dry grinding was very effective in increasing the original (low) value of the
dispersion. Whilst dry grinding followed by working at the sticky point produced some
increase, the reverse process was particularly effective. Working at the moisture equivalent
(= optimum) was also dispersive in its action, Cropping to sugar cane over 40 years had
caused no significant inerease in the normal dispersion of this soil type. ‘

In soil types of low normal dispersion, working either wet or dry readily produged
high proportional inereases; and the opposite was true of types with high normal dispersion.
Nevertheless, the absolute values attained by the two Bundaberg soils (types with low
original values) never exceeded the normal air-dry value of thé Burdekin alluvial. Cropping
to beans in pots, was, for all types tried, an aggregate-forming treatment.



