Jour. Roy. Soc. WESTERN AUSTRALIA, Vor. XV. 115

16.—THE WATER EXTRACTS OF WESTERN AUSTRALIAN SOILS.
No, 1.

Studies on Soils from Merredin, Ghooli, Salmen Gums, Wonzan Hills,

Chapman, Baker’s Hill and Lake Brown.

By L. J. H. Teakre, B.Se. (Agric.), Ph.D., Department of Agrieulture,

Western Australia.
(Read 4th May, 1929. Published 25th .July, 1929.)

INTRODUCTORY.

In presenting the subject of the composition of the water extracts of
certain of the soils of this State to the people of Western Australia, it
seems desirable, at the outset to touch upon the main ideas and contribu-
tions whieh have led to the present status of our knowledge in this field.
It is the object of the writer to prove in these introductory remarks the
importance of the soil solution as the direct source of at least the hulk
of the minerals absorbed by plants. Tt will be shown that the subject is
not new and that direct contributions have been made since about 1860.

The first advances in the science of plant nutrition were due to the
efforts of Theodore de Saussure (4)* a Swiss who published his views and
experimental data in 1804. He showed quantitively that certain minerals
were absorbed from the soil and that the carbon dioxide ot the air suppliec
the carbon needs of plants. De Saussure’s views were not acceptable tc
the agricultural chemists of the day and it was not until the great German
chemist Justus von Liebig (8), some 30 vears later adopted the main fea-
tures of his thesis and embodied them in his forceful writing, that the know-
ledge of the mineral requirements of plants was of much interest to inves-
tigators. ~ Many of the essentials of Liebig’s teachings are acceptable
to-day.

However, Liebiz helieved that the aqueous solution in the soil was in-
adequate to supply the mineral needs of plants. He argued, in 1863, that
“the power of the soil to nourish cultivated plants is therefore in exact
proportion to the ¢uantity of nutritive substances which it contains in a
state of physical saturation.”  (Russell, E. J., “Soil eonditions and Plant

growth,” 1921, p. 154).  Also he helieved that the yield was governed by
the necessary constituent in least amount (physiologieally) in the soil—
(Law of the minimum). Unfortunately, the ereat eomplexity of the soil

* Figures in brackets refer to literature cited.
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system was not realised at this time and in the course of a few years the
results of the field experiments of Lawes and Gilbert at Rothamsted and
of Ville and others in France led to the diserediting of Liebig’s “Mineral
Theory.”

Meanwhile certain agrienltural chemists and others interested in the
subject were busily studving the liquid phase of the soil.  Igichhorn (5)
in Germany, used the water extraction method to study a soil from Boun
and concluded, from his results, that the soil contained suflicient water
soluble constituents to meet the needs of a growing crop.  Although these
results were eriticised by Liebig’s followers, other workers in Germany were
able to substantiate Eichhorn's views.  The next great advance was made
in France by Schloesing (13) who studied the solutions displaced from tlie
soils by allowing coloured rain water to percolate through a compaet column

of moist soil. This method, with modifications and improvements, has
been one of the most fruitful in affording information coneerning the soil
solution, Schloesing and his son (14) concluded that the soil solution

supplied at least the major portion of the mineral constituents absorbed
from the soil by plants.

The guestion ol root secretions is still with us.  lLiebig (8) believed
that acetie acid exereted by the roots dissolved the absorbed minerals, Barly
imvestigators placed mueh importanee on the experiment showing the etehing
of polished marble Ly erowing roots. However, Czapek (3) in 1896 showed
that the effeet was due to carbonie acid, because, in the first place, plates
made of aluminiuin phosphate and plaster of Paris were not attacked, thus
climinating acids stronger than citrie, tartarie or malie; in the second place,
the secretions turned congo red a brownish red. The presence of acetie
acid canses the development of a blue colour while earbonie acid produces
the hrownish red colour with congo red as obtained. Recent work by F.
W. Parker (9, 10) indicates that there is no relation between absorption
of minerals and the total production of carbon dioxide in a soil. How-
ever, no one has yet been able.to measure the effectiveness, if any, of the
carbon- dioxide produced by the root hairs in intimate contact with the soil
particles. Be that as it may, the soil solution (as extracted from the soil)
seems to approximate the “physiological® soil solution.

The concentration of the soil solution is due in part to the solvent ae-
tion of water on the soil minerals, and in ereater measure to the nitrie and
sulphurie acids produced by bacteria as end produets in the decomposition
of organic matter.  Soils differ greatly in respeet to hoth the composition
and coneentration of the solution and in general the sequence of vegetation
tvpes m any one zone is related in particular to the nature of the soil solu-
tion.

[t is interesting to note that an error on the part of certain prominent
Ameriean investigators led to renewed activity in soil solution studies in
the early part of the present century.  Whitney and Cameron (16) ar-
gued that, as most soils contain practically the same minerals in the solid
phase, the soil solution must be a saturated solution of these minerals and
must be praetically uniform in composition and concentration in all soils.
This was perfeetly good chemistry, but was in error as the propounders
overlooked the fact that the soil is primarily a biological laboratory. 1In
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a short time papers appeared, notably from Rothamsted (6) and the United
States, controverting this thesis. At the present time, a bibliography of
the important papers on the soil solution would run into hundreds. The
prineipal contributions now come from Ameriea, Germany and Russia.
:‘Seveml States in Australia are using methods of studying the soil solution
in conneetion with their problems.

The concentration of the solution in most soils ranges from about 100
p.pan. to 4,000 p.p.u. of the soil solution. Kxpressed in terms of the dry
soil this would amount to from 20 to 800 p.p.m. Alkali soils are not nor-
mal as the solution is exeessively enriched as a result of outside agencies
sueh as seepage and evaporation, deposition of salts in the rain, ete. Typi-
eal examples of the coneentration and eomposition of the soil solutions from
Ameriean soils arve given in Table 1. It will be seen that the soil solution
is by no means of constant composition or concentration. Also the bulk of
the anions (nitrate and sulphate) are of biological origin.

TasLe 1.
THE COMPOSITION OF THE SOIL SOLUTION.

ppm Soil Solution.

T

Soil. | pH. | 80, N{)J . | PO, | Ca. | Mg. | K.

- - | I

California 7B | 7-6 | 454 |1,781 66| 1-2| 672 | 134 | 38
California 33 (15) ... ] 16 R TN S 0-2 RO
California Madera ... Lo 7-3 140 47 4.5 119 129 BT
Oregon 1 ... el liTrace 7] AT 83 | ... 15
Oregon 2 ... R 64 12
B ) o e Ben (o : TR Gy Y Sy W]

Of course this Table does not give a complete picture of the soil solu-
tion. In addition to these substances will be found about fifteen elements
among which are iron, manganese, iodine, nickel, zine, horon, aluminium,
silicon, vanadium, eopper, etc.  These elements are present in minute
amounts but normally in physiologically sufficient quantities.

The use of amendments of various kinds to increase the soil fertility
has been practised sinee earliest times.  The amendments may have a physi-
cal effect, a chemical effect, or most probably, bhoth. The simplest ferti-
liser works profound changes in the composition of the soil solution, as a
result of dirvect chemieal reactions with the soil and also as a result of
changed biologieal conditions. Thus lime not only neutralises acidity or
sourness, but inereases the phosphate content of the soil solution in many
instances.  In addition, potassium, magnesium and other elements may be
brought into solution while others, e.g., manganese are precipitated causing
physiological disorders such as chlorosis. A studv of Table 2 indicates
the complexities of fertiliser treatments and also that fertilisers directly in-
crease the concentration of various elemems in the soil solution,
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TABLE 2.
EFFECT OF FERTILISERS ON THE COMPOSITION OF THE SOIL SOLUTION.
ppm Soil Solution.
*ppm Dry Soil—Water extract.

—_— ‘ pH. ‘ PO,. I 80, lNOs. Ca. | Mg. | K. Na. | Mn,
California 30 (15)—
Untreated 7-0 72 97 576 207 64 0-16
Sulphur (1500 ppm | 3-2 | 38-0 | 8920 | 536 | 600 | 1310 | ... ... |260
90 days)
Oregon (11)—
Untreated o | B:2 1 4.0 | 253 116 | 144 | 119 98
K,80, (540 lbs. | 6:1 | 3.0 | 204 | 157 | 116 | 113 | 172
r acre)
Untreated | 871 4907 161 70 | 172 al 60
(NH,),S0, (4101bs. | 5-4 | 4.0| 205 | 150 | 227 | 121 | 63
per acre)
California 10 *(1)—
Untreated | i 5-3 | 125 | 207 | 105 38 42 96
22K 4 TINO; + | ... 4.6 | 150 | 338 | 119 56 49 | 115
10PO,
75K + 11TNO, + | ... B-6 | 278 | 350 | 126 4t 80 | 102
61P0O,
435K + 68TNO, 30-0 | 692 602 237 102 165 112
+ 357P0,
Tankage 6:7 153 | 592 146 52 61 110

The eflect of the erop in modifying the soil solution has been amply
discussed in papers from the University of California (14, 2). As a re-
sult of erop growth the soil solution is practicaly depleted of nitrate,
while caleium, potassinm, phosphate, ete, ave significantly reduced n eon-
centration.

Havine disenssed the soil solution as the phase of immediate physio-
logical importance some brief mention must be made of the methods in use
for obtaining the soil solution for purposes of study.

1. The Water Extract.

The soil is extracted with a known proportion of distilled water and
filtered. The filtrate is then examined by the usual chemical methods.
Studies by Stewart (14) Hoagland et al (7) indicate that the water ex-
tract gives a very good picture of the true soil solution. As no special
apparatus is required this method has been adopted in the studies here re-
ported. In order to minimise the direct solubility effects on the soil minerals,
a narrow ratio of one part of soil to two parts of water is used.

2. The displaced solution is obtained by modifieations of Schloesing’s
(12) method, using alecohol, kerosene or water as the displacing medinm and
aiv pressure to increase the rate of displacement.

3. The expressed solution probably accurately represents the true soil
solution, The moist soil is pressed in a hydraulie press and the liguid ob-
tam=d analy-ed.

[n addition to these more or less direct methods, the concentration of
the soil solution may be determined indivectly by the use of physical methods.
The toial coneentration may be computed from the freezing point lowerine
the <oil and the content of electrolytes by measurement of the resistance to
the flow of electricity through the soil or soil extraet,




Tae WATER EXTRACTS OF WESTERN AUSTBALIAN SOILS,
Vou. XV., 1928-29, 119

1.—Studies on Soils from the State Farms at Merredin, Ghooli, Salmon
Gums, Wongan Hills, and Chapman, and from Baker’'s Hill and
Lake Brown.

The Soils used.

The soils from the State IMarms were obtained from the headlands
adjacent to the Rate of Superphosphate plots in 1928.  The surface soil
(A, horizon) was sampled at five different places along the width of the
plots and a composite sample made. The following general observations
deseribe the soils used :-

1. Merredin.—A dark brown elay loam from 10in. to 12in. deep. The
marked aceumulation of clay and ealeinm carbonate below this
depth indieates a matnre profile. The main fimber was Salmon-
gum (Eucalyptus salmonoploia) and Gimlet (E. salubris).

2. Ghooli—a red silty clay loam from gently rolline forest land.

-

3. Salmon Gums.—Greyish brown, ealcareous Joam, hearing mallee. This
soil eontains an appreciable amonnt of sodium chloride and repre-
sents a tvpe of mallee lands of the Esperance area.

4, Wongan Hills—A grey sand containing a small amount of sticky
clay. The soil earrvied a low serub and represents one of the many
types of light lands of Western Australia.

5. Chapman~—A red sandy loam from a small flat near a creek. i
was probably formed throngh the ageney of the creek and is of
“pecent” origin. The soil is formed from rocks of the granite type
and earried jam (Aecacia acuminata) with some serub.

Baker’'s Hill—The soils represent two types from the higher levels
of the Darline Range. Samples 1, 2, and 3 are white sands while
sample 4 is a black ereek bottom soil.

Alkali Soils—Representine samples from Lake Brown. Samples
2, 3, 4, and 8 are choeolate soils of a silt loam texture earrving o
Morrell (Euncalyptus sp.) as the prineipal timber. Sample 10
represents a fertile dark brown c¢lay loam earrying oimlet (K.
salubris) and is given for purposes of comparison.

—
-

=]

The Composition of 1 : 2 Water Extract.

The extract was prepared by mixing one part of soil with two parts of
water by weight and filtering under suetion. The extracts were analysed by
ctandard methods adapted for the purpose. The reactions expressed as pH
were determined colorimetrieally. The results of the analyses are reported
in Tables 3 and 4.

Tarre 3.
COMPOSITION OF WATER EXTRACTS O F SOTLS OF WESTERN AUSTRALTA :

1 : 2 Warer EXTRACTS. ~__ppm Dry Soil.

TR g | . ] l

Loeality. ] pH. ' MO, | S0, \ PO,. | Cl. |lll-'fl;rl Ca. Mg, Mn,
Merredin ... el k| 188 41 T | oA | 80| 3V | 1% | MNil
Ghooli -4 | 59D 7 196 | 108 e R
Salmon Gums ... | 80 39-7 | A :‘*f:i-‘ 320 | 44 | \il
Wonean Hills ... ‘ 7-1 10-9 S a0 34 ‘:%-.'! 4 |Tr ce
Chapman ... G| B ' He0 | Aiyalll £l ol 24 a6 | 18 £0) AT+l
Baker’s Hill— | | |

1 66 19 IMrace ) - T 6-2|

9 .1 e8| 22 ot ool s a2 0 | B9 .

3 o =30 a8 | 0-12 | 8 | 36 ‘ g did] .

7.9 | 96 ‘ 1 0-96 | 28 44 g0l o8l .
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TaBLE 4.
COMPOSITION OF WATER EXTRACTS OF ALKALI SOILS (WEST. AUS.).
1 : 2 Warer EXTRACTS.
ppm Dry Soil,
(Analyses made by Government Analyst, 24-10-28.)

—_— pH. | NO, [ 80, | OL | COs | Ca. | Mg K. Na.
- |

Lake Brown—
2 and 3
4 and 8
10 (normal) ...

602 | 426 | 1,608 84 161 96 44 1,199
205 158 | 889 | 108 113 34 a7 583
43 112 387 126 30 14 | Trace | 356

O =] =1
= o S

Further details on soils from Esperance and Kellerberrin may be obtained from
Professor Paterson’s Report to the Royal Commission on the Mallee Belt and Esperance
Lands, 1917.

Several features are worthy of note:—

Table 3.

1. A very high content of nitrate in the Merredin soil. This figure
corresponds to about 1,200 ppm in the soil solution and compares with rich
elluvial soils of California (7B, Table 1).

2. The poverty of the Wongan Hills and Chapman soils with respect

to nitrate.

3. An almost ecomplete absence of soluble inorganie phosphate in all
soils. Top dressing of the Baker’s Hill samples 2 and 3, probably aecounts
for the presence of soluble phosphate in these soils.

4, A deficiency of soluble calcium, as well as phosphate, in the sandy
soils from Baker’s Hill. The eombination of these deficiencies is undoubtedly
of great physiological significance and is suggestive as to a factor in the dis-
orders among stock in the region.

5. Of the soils tested, the Wongan Hills =0il was the only oue from
which a test for soluble manganese was obtained. Reeent studies have shown
this soil to be more than indicated by the 1 :2 water extraet, and the
acid reaction (pH 5.G4) is probably responsible for the higher content of
soluble manganese.

Table 4.

The analyses were made by the Government Analyst on these soils and

the fieures are presented to illustrafe the escential character of alkali soils

-a coneentrated soil solution. In these soils the bulk of the soluhle material

consists of sodium chloride. The soils are also rieh in nitrate, potassium,

caleinm, ete., in solution, and would be very fertile but for the exeess of

=odinm chloride. The analyses of sample 10 are given so that the alkali
soii. may ¢ sompared with a normal forest soil from Lake Brown,

R

- s S S
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The Effect of Additions of Soluble Phosphate,

It was thought that interesting results would be obtained from a stuwdy
of the effect of phosphatic applications on the composition of the water
extracts of soils from the State Farms. Three samples of each soil were
taken and treated as follows:—

L. Moistened with distilled water to the optimum moisture capacity.

2. Moistened with distilled water containing phosphate equivalent to

524 p.p.m. of the dry soil.

3. Moistened as above, the phosphate being equivalent to 262 p.p.m.
of the dry soil.

A solution of sodinm phosphate was used as the source of phosphate.

The moist soils were stored in the laboratory and water extractions
made after periods of one month and four months from the date of mixing.

Results of the analyses are reported in Table 5.

TABLE 5.
EFFECT OF ADDITIONS OF SOLUBLE PHOSPHATE ON THE WATER
EXTRACT OF SOILS FROM WESTERN AUSTRALIA.
Soils were moistened with distilled water and with solutions of sodium phosphate.

Analyses were made after standing for one month and four months after
treatment.

(ppm Dry Soil.)

Distilled 52-4 ppm PO, | 262 ppm PO
Water, adggi added, l

After 1 | After 4 | After 1 | After 4 | After 1 | After 4
month. | months. | month. | months, | month. 'rmcnths.

|

Merredjn;—

POy ppm ? i 1-1 32 17-86

NO; ppm e 206 182 208 190 190
Ghooli—

PO, ppm ? 1 0-94 | 25 13-1

NO, ppm A T 54-5 | 72-6 | 50-6 | 83-2
Salmon Gums—

PO, ppm bt s et ? 0-86 | 35 20-9

NO, ppm o] seer | 440 | 46-6 | 45-6 | 30-7 | 37.@

Wongan Hills—

PO; ppm t 1 0-55 | 32-5 62

NO; ppm oo | 10-9 16-8 Lost | 48-0 10-9 456
Chapman—

PO, ppm ? ? 36 0-83 | 50 221

NO; ppm 5.9 4-0 1-0 10-9 Nil 245

In each case the addition of soluble phosphate inereased the amount
of water soluble phosphate in the soil, but the bulk of the added phosphate
was precipitated. The Wongan Hills soil, although a sandy soil, caused the
createst amount of precipitation.
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This is probably due to the acid nature of the soil, such ecations as
manganese, iron and aluminium being effective agents for the preeipitation
of phosphate at this reaction (pH 5.64). The precipitation in the other
soils was probably due to caleium and magnesium ions.

The additions of phosphate affected nitrification only in those soils
which appeared naturally poor in nitrate—namely, those from Chapman and
Wongan Hills. Approximately fourfold inereases in nitrate were obtained
in these soils as a result of the phosphate additions stimulating the soil
micro-organisms.

These results suggest certain benefits from the superphosphate appli-
_ : . perp PP
cations so general in Australia.

1. The soil solution is enriched in phosphate, the normal soil being
extremely poor in soluble phosphate.

2. The improved phosphate supplies stimulate nitrification, partieu-
larly in soils lacking in nitrate.

3. By drilling the phosphate with the seed a concentrated phosphate
solution 1s obtained in the immediate vieinity of the rootlets. Investigations
have shown that soluble phosphate is needed in the early stages of crop
growth.

SUMMARY AND CONCLUSIONS.

A general account of the work on the soil solution and the means or
studying it has been given.

Work done on Western Australian soils, using the 1 :2 water extraet,
is reported and the following econclusions suggested :—

1. The soils studied show a very wide variation in the econcentration
and eomposition of the soil solution as illustrated by the water extract.

2. There is almost complete ahsence of soluble phosphate from the
soils under consideration: S SRR s e e e

3. Darling Range soils may be deficient in soluble caleium as well as
soluble phosphate.

4. Additions of soluble phosphate increase the concentration of the
water extracts with respect to phosphate. The acid “licht lands” soil fron
Wongan Hills possessed the greatest power of precipitating phosphate in
the range investigated.

5. Of those tested, manganese was present in the water extraet of the
aeid soil from Wongan Hills only.

6. Sodium chloride is the predominant salt of certain alkali soils of
Western Australia. The alkali soils from Lake Brown were rich in the
minerals required for erop growth.

The analytieal work performed by the writer was executed in the
laboratory of Professor Paterson at the University of Western Australia,
to whom grateful acknowledgment is made.



THE WaTER EXTRACTS 0F WESTERN AUSTRALIAN SOILS
Vor. XV., 1928-29. ERN AUSTRALIAN SOILS. .

BIBLIOGRAPHY.

102 Bunfl, J. 8., and Martin, J, C., 1923, Some mutual effeets on soil and plant
induced by added solutes. University of California Publications—Tech.
Paper No. 13,

2. Burd, J. 8, and Martin, J. C., 1924, Secular and seasonal changes in soil
solution. Seoil Sei. 18: 151-167,

3. Czapek, F. 1896. Reference in Palladin, V.I. Plant Physiology, pp.125-6,

Znd edition, 1922—edited by B. B. Livingston (Blakiston’s Son &
Co., Philadelphia).
4. De Saunssure, Th., 1804, Lecherches chimiques sur la Vigétation,
5. Bichhorn, H., 1863. Reference from Stewart, G. R.—citation 14,
G, Hall, A. D,, Brenchley, W., and Underwood, L. M., 1914, The soil solution
aird the mineral constituents of the soil solution. Jour. Agr. Sei. 6:
278-301.
Hoagland, D. R., Martin, J. C., and Stewart, G. R, 1920. Relation of the
soil solutions to the soil extraect. Jouwr. Agr. Res. 20: 381-305.
LiebiT, Justus von, 1840, Chemisiry in its Application to Agriculture and
Physiology. (Report to British Association.)
9. Parker, F. W., 1924, Carbon dioxide production of plant roots as a factor
in the feeding power of plants. Seil Sei. 17: 220-247.
10, ————, 1925. The carbon dioxide content of the soil air as a factor in
the absorption of inorganic elements by plants., Seoil Sei. 20: 39-44.
11. Powers, W, L., 1927. Studies of sulfur in relation te the soil solution.
University of California: Pub. Agri. Sei. 5: 119-166.
12. Schloesing, Th., 1866 and 1870. Analyses des eaux contenues dans les
terres arable. Compt. Rend. G3, 1007; 70, 98-102.
13. Schloesing, fils, Th., 1899, Etude sur 1’acide phosphorique dissous par les
caux du sol. Ann. de la Seci. Agron. 1: 316-359.
14. Stewart, G. R., 1918, Effect of scason and ¢rop growth in modifiying the
soil extract. Jour. Agr. Res. 12: 311-368,
15. Teakle, L. J. H., 1928. Phosphate in the soil solution as affected by re-
' action and eation centration. Seil Sei. 25: 143-161.
16. Whitney, M., and Cameron, F. K., 1903, The Chemistry of the soil as
related to crop production. U.S.D.A. Bur. Soils Bull. 22.

Paris.

=1

x

By Authority: Jonx Lk, Acting Government Printer, Perth.



ImEE BHL

Biodiversity Heritage Library

Teakle, L. J. Hartley and Hill, H E. 1929. "Studies on the soils from Merredin,
Ghooli, Salmon Gums, Wongan Hills, Chapman, Baker's Hill and Lake Brown."
Journal of the Royal Society of Western Australia 15, 115-123.

View This Item Online: https://www.biodiversitylibrary.org/item/173678
Permalink: https://www.biodiversitylibrary.org/partpdf/299486

Holding Institution
Royal Society of Western Australia

Sponsored by
Atlas of Living Australia

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 13 November 2023 at 05:08 UTC


https://www.biodiversitylibrary.org/item/173678
https://www.biodiversitylibrary.org/partpdf/299486
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

