~ Farrer and to receive the Farrer Médal. Ko man can work g%Ehimself and I

regard it also as a tribute to many who have been associated with me in the
4 .

‘$hem fertile and preventing their exhaus|

N

OUR ADVANCING INOWLEDGE OF SOIL FERTILITY

The Farrer Orabion delivered before the Agriculiural Bureau Congress

‘of New South Wales at the Hawkesbury Agricultural College, July 2ls®,

1948

by Professor J.A« Prescotd

My firstiduty is Yo express my sincere appreciation of the honour

conferred on me in being asked bto give an oration in memory.of William dJ.

work both of the Gommonwealﬁh Soils Division and of fhe‘waite-lnstitume-

In terms of the trust the sﬁbject matter of the zddress may bs
concerned with any aspect of sgricultural science but in choosing it I have
had in min@ that soil fertility was a subject in which William Parrer was
himself deeply interested. Indeed in~§he original minute recommending his
appointment aé Mheat Experimentalist® in 1898 it was stated that
WMr., Farrer would a2lso dbe able to undaer
take ex pre.r ime ; ts to determine the Dbest

methods of managing the different soills

of our 0_6 lony with +the odjec t of meking

tion with the minimum use o0f manure s.t

Farrer brought to Anstralian Agriculture in his day sométhinglqu;te
new, & trained méthematical mind. Sometimes it is better to bring a trainéd
mind to & new problem than‘it is to bring purely technical knéwledge. Farrer
gay clearly that if Australis aﬁd particularly Few South Wales was o prosper

as a vheat growing country, (1) it must have vheat varieties of appropriate
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quality and disease resistance adaptable to the climate and (2) the cultivation
‘of wheat mst be based on sound methods of managing the soil. With regpect to

the latter he wrote in 1902

"The agricultural progress I have in
view...... i1s the making of swuch impzrorve-
ments in .our methods of tilling and
handling the soil = s will enable u é t o
iners ase ‘and i1f possible, g i v e d irectio ﬁ
t © the activities of the chemical and

bPbiological l(b acterial) forces which are

incessantly at work in i1t, and cauvuse +them!

tto change potent ial plant foods into

available forms i n greater abundance

‘than they do by means of our present

me thodag.n

In cognactidn with the work for which his name isvbest remembered -
the breeding of whea$ - his trained mind saw clearly the advantage of cross
breeding over selection within eiisfing varieties and was confident in‘the_v
ability of the method to ﬁroduce stable varieties. His interest in soil
fertility did not find its real opportunity until the experimental farm was
established at Cowra when in 1905‘the vear before he died, he conducted a
field experiment in association with Suﬁton, (Dr. G.L. Sutton of Westerﬁ '

Australia) which conforms in concepfion”and,statistical design with the best

of present day ideas of what such an experiment should be, - Farreris mathematical{

mind saw the need for completeness in such o design and it is today possible to

o
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analyse by modern statistical procedure the records of this field trial and

0 assess— what Farrer could not them do — the relimbility of the reswlés so

obtained.
In one respect only is the experiment at fault and that is in the #
field design - it lacks what is known as randOmisaﬁion. It is very evident

also from his earliest correspondence that William arrer’s view of soil

fertility was that it was intimately bound up with the source of nitrogen to

Crops.
—
¢ 4 : ' » ,
Tootnote, The experiment (Agric. Gaz. N.S.W. (1906) 17 : 311-326)

deals with a comparison of three varieties of vheat, at three ratés of seeding,
at three times of planting, with a complete factorial fertiliser design includ-
ing no fertiliser, phosphate, nitrogen and potash, singly and in all possidble
combinations,
The treatments were 7Varieties ; Federation, Russian Macaroni, Johm Brown
Rate of seeding : 20, 40, 60 1bs, per acre
- Time of planting : 19th April, May 25th, Juue 27th.
The Analysis of Variance of the records gives as significant
For the unmamured treatment :
Federation ~ better than John Broftn, better than Russian
_ . Macaroni
May sowing, better than April sowing, bétter than June
sowing,
April sowing, 20 1b, geeding is best.
May sowing, 20 1lb. seeding is worst,

June sowing, 60 1b. seéding-is best.

For the manuring experiment sown May 25thg
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Federation, betier than John Brown, better than Rugsian
- Macaroni
Rate of seeding ¢ 60 lb. better than 40 1b. better than
20 l‘b‘
Menuring : Fhosphate is better than no Phosphate in the
absence of potash. Potash and
.Phosphate together have a depress-
ing effect.

In iS%?, thé;discovery of the part played by bacteria in Tthe fixza-
tion of the nitrogen of the atmosphere by leguminous plants was first announced
ard already by 1891 we find that Farrer had begun experiments Qn the maintenance
of fertiliﬁ?‘in‘wheat soils by the growing of leguminous cropss

8011 fertility is the measure of the ability of the land o produce

satlsfactory and profltable Crops, pastures and forests and to maintain llvem
stock in numbers appropriate to the rainfall and in a healthy condition,

Sometimes the ability_of_the laﬁd to yield wellhis only limited by some factor
or factors which are thoroughly unﬁerstood. By the skilful use of irrigation

water for example the desert can be made to "blossom as the rose". Ir other

cases the use of a chemical fertiliser such as superphosphate may be all that

is necessary to bring the land to a productive level., It is the business of
agricﬁitural science amongst other things to study the factors that are
responsible for soil fertiiity'énd'to ensure thai the appropriaﬁfwfgags are |
placed in the hands of thQ farming community. 4 very vai;;ble conceptAfirst
introduced by Liebig and déveloped later by F.F. Blackman is that fertility
may de limited at any time by a single factor and thgt vhen one factor is
limiting no increase in any other can take i£s place., Thus in the examples we

have just quoted no amount of irrigation water will be of any value if

phosphate is the real factor limiting produciion,
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Farvrer ! .
Had[he—lived a generation later, modern genstics and modern

- 8tatistics and biometrice would have given him & worthy field of interest

and activity.

I propose to review the sieps by which'our present knowledge of ;oil'
Tertility has been obtaiﬁe&. Knowledge is never complete, that is why I have
uged the term Y"advancing®. It was a philosopher early in the Fifteenth Century

ot

who first celled the attention of the newly awakening gcientific world that

" knowledge is only a step on the way to the truth and it is to this philoscpher,

thg Rhinelander, Nicolas of (usa, that we must first turn for praciical
suggestions how to begin the study of soil fertility and the source from which

Pplants derive their substance., In 1450, Nicolas wrote a book on the use of the

balance. In it he suggested that it might be possible to carry out an experi-

ment by growing a plant in a poE of soil, taking care t; welgh the soil, the
seed, the water used %o grow the plant, the plant wvhen it was fully grown and .
the ashe® left after the grown plant had been burnt. ‘

| The experiment was not actually carried out so far as wé know for
200 years and it was not until 1652 that the Belgian philosopher Ven Helmont
gave #s the result of éﬁch & pot experiment. To him and %o Ficolas before him

it was evident that the substance of the plant was mainly derived from the water

which was used, leaving only a emall amount %o come from the soil. Their inter.

pretation was wrong although their experiment was well conducted. Although
Van Helmont invented the word ‘ga#' neither of these philosophers %new of the
important pari that the atmosphere piays in supplyingz the raw materials from
which a plant bullds up it s substance. The most important being carbon dioxide
from which the starch, the sugars, the cellulose, the oils and the proteins |

derive their necessary carbon,
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This was not made clear for nearly another 200 yesarg and we have to

-move forward to 1843 before we coms to the firsi modern experiments with plants

in pots ard crops in the field which were carried out by Lawes and Gilbers
at Hothamsted in England. By this time it was known thal plants received their

carbon from the air and some scientists thought with Liebig that they alsgo

!

. received their nitrogen from the same sourcs, through the sbsorption of ammonia

by the leaves in Emch the same menner as carbon dioxide was absorbed.. From the
soil the plants feceived only the sﬁbstancés pregent in the ashes. ILawes and
Gilbert deliberatsly chose fqrnips 2s an early experimental crop becsuse of its
lérge leaves which surely, if any leaves did, would be able to absorb ammonia
from the air. They used various minergl mixtures as chemical fertilisers o
reg?esent approximately the aéhes of élants and farmyard manure; They quickly
found as a resulit of these experiments that only two of the components of their

mixtures need be tzken seriously as ferfilisers :+ the phosphates and the

- potasgium salts - s8ll the other constituents of the azshes were readily supplied

by the soil itself., This led directly to the development of the modern

fertiliger industry which is based on the patenting of superphosghate by Lawes
in 1842. The early Bofhamstad experiments soon chowed also that the turnips
and the wheat crops which were gfown could not secure ény ni%rogsﬁ excepb in
the form of panure or from the soil itself. This nitrogen couwld e supplied
not only by farmyard manure, by rape cake and other organic fertilisers ould
also by mesns of nitrates and salis of amronis, and so compdunds of nitrogen
Weré added to the list of chemical ferf%ilisers and for many years the big three,
¥.P.X., that is, nitrogen, phosphorus and potassium, became dominant in the
minds of farmers and agricultural scientists the world over. It was in terms of -

these that the responses to the older manures, the go called natural feriilisers 1
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were interpreted and by these I mean stable and farmyard manure, blood, bone,

wood ashes, saltpetre and so on.

‘There was ons well known method of improving soil fertility, the
use of lime in its various_forms - chalk, grouni limestone, slzked lime, marl
and so on, which did not fit into this picture. Quantities were used far in

excess of the knoyn needs of crops for lime and the term amendment rather than

. fertilizer was used. Lime as such and later gypsum,'that‘is sulphate of lime,

were used to improve the bshavicur of the seil, te improve the textufe or to
remove soll acidity or sourness bubt it was not until moderﬁ physical-chemistfy
(Arrhen@%k 1887) had shown us the nature of soil scidity and alkalinity that we - ¢
ﬁere able fully to understand the full reason for these effect.

The increasing need of the world for chemical fertilisers began
to cause aﬁxiety towards the end of the nineteenéh century particularly so far
as supplies of.nitrogen were concerned. The iny visitle supplies then were.
the.great deposits of Nitrate of Soda in Chile aﬁd the by.product Ammonia froﬁ
gﬁs plants and coke ovens in induestrial épuntries. It was the jechnical
advances infixing nitrogen from the air that removed iﬁmediate anxiet& on this
score‘but even today the world could use much more than is available : 4
million tons of nitrogen against.a production of 3 million tons {Chile expokté
278,000 tons). )

In one respect houﬂver, the Rothamsted results were puzzllng.

.Agzlcultural chemista had begun ito-draw up farm balance gheeaty taking into

account the fertiliser elements provided in the manures and those taken off the
farm in the way of produce and taking into account also the reserves in the

soil. It was evident from these that more nitrogen was being used by the crops
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than was beihg supplied ﬁy the farmer and that somehow or other the
;legum{nOus erops were those independent of the farm supply. WMany experiments
were conducted'at Rothamsted particularly round the year 1857 by Pugh but
there was no information in these experiments that could explain matters.
It was not until 1888 that the e#plapation came from the work of the

German bacteriologists‘Hellieigel and Wilfarth. 7The bacteria that live in
the nodules §f léguminous plants are able to fix nitrogen from the air, 1
have a&feaﬂy told you how Farrer quickly siezed on thig new discovery in an
endeavcur to make use of these plants ~ peas, beans, clovers, lucerne « in
improving the fertilify of wheat soils. -He‘wrote in 1894 -

Wif we could hit tpon & le g uminous plant
that can be .e conozmaically grown with

v h era.t the yield «f ‘t he latter would be
s0 greatly increased th é t whe é t~-2gr 6 wing
would bDecome a high 1ly proefitadle
industry.t |

It is only of recent years in South Australia for example, that we

have paid‘serioﬁs attention to this particular‘problem. At Rogeworthy Oollege
the soil and climate is suited to the growth of the several medics, and wider.
rotations have been developed which give kigher yields of wheat. and at the _
same time provide an abundance of forage for making enéilage or hay and for
the grasng of livestock._ At the Waite Institute with a higher rainfgll, the
leguminous crop has proved %o be peas and our main alternative is to put down

the land for a period of years into a pasture based on Phalaris tuberosa

with subterraneasn clover as the principal legumiﬁous plant, The use of peas

in the rotation has the effect of maintaining wheat yields and increases the
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carrying capacity of the land for stock four to five fold. We have still
much to learn sbout the best type of grazing to combine with wheat ani peas
and realige that there will always be a place for the judicious use of

nitrogenous fertilisers in the agricultural rotation. I would agree with

Farrer that in the long run nitrogen is the key to the problem of soil fertility !

in the wheat areas,

- i

The importance of bacteria iﬁ nitrogen fization has naturally led
to a great deal of work on soil bacteriology. Some of these.organisms work
independently of leguminous plants; they are free-living and are known as
Azotﬁbactsr but so far do not seem to play the importani part in agri¢ulture
of southern Australia as do the nodule organisms now kmown as Bhizobium, In
all the fustralian States cultures of appropriate strains of these bacteria
are now sent out regularly to-fa}mers particulariy when growing a leguminous
cxrop for the first time on new land. In South Australia for exa@ple in the
year 1947, 1600 cultures were sent out %o nearly Boorfarmé?s.

We may anticipate a little at this stage. About 1930 a German
bacteriologist began to study the speciél food needs of the nitrogen-fixing
bacteria Azotobacter. By'a clever piece of gcientific détective work he
found that this organism grew much 5etter if the solution in which it was
growing was supplied with a ﬁinute trace of molybdenum. We have now every
reagon fo believe that this element plays a very important part in the process
of nitrogen fixation.

The first practical application of this discovery was an Australian
one and I hope later to enlarge on it.

Farly in the twentieth century the scientific foundations of the

fertiliser industry appeared to have been well laid.- Superphosgphate particularly{

)
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was being introduced for wheat growiﬁg in Anstralia. The scientific basis

was not only in the pot experiments and field trials Dut also our'increasing
imowledge of %the nutrition of plants based on soyution culbtures. In thesge -
cultures, plants are grown in water to which various salté providing the
necessary elements have been added., If certain of -these ars omitted the plaﬁts
refuse to grow. fThe mathodé of preparing pure water ani pure salts wers noi
then so refined as they are tolay and no new subétances bevond the nitrogen,
phosphate, potash, lime, magnesia, sulphur and ;ron were discovered to be
necessary. There was however, one excepbtion that gave ahint of what was

in store. 1In 1862, Touis Pasteur, the famous French scientist who was then

a Professor at the Teachers! College in Paris, suggested to his assistant
Remlin that he should attempt to grow a mould Eﬁgergillus in a purely synthetic
solution based on éugar énd ordinary'salts. In this the assistant was reasén—
ably succegsful. Raulin became a high school ﬁeacher and could only devotbs
his vacations to contimuing his work on the salis needed for the mosi success-
ful growth of this mould. In 1864 he ¢ame %o the conclusion thab

"apart from oxygen wWater, sugar, tartaric
acid, n ili rogenou s. ma t te r; Prhosphat e s,
‘potasesh, magnesia, sul phates, ther 6 exis t
octher elements whieh =a2dded +$to the medium
madese wup o-f thege other s, will notadbly
increase the yield of the moul d.n

The greaterrthe purity of his chemicals the lower the yield he cbtained. He
then tried in turn the addition of wood ashes %o his solutions, then manganese
end iron, and later copper, zinc and silver and was able in 1863 to publish

a very important paper forrwh;ch he received a prize from the Parisly Academy

¢ s o L e e el e ok e [ —



. ~11l-
of Sciences. From cur point of view the ﬁést important fact is that Raulin
Aadded zinc to the list of elements required for the growth of the lower planis
but it was not until well into the EGth Century that its importence was fi:st
suggested for a plant of agricultural importance, again by qgiggzgciate of
Pas£eur working on maize.

Prom tgés sﬁégé on our knowledge of soil fertility, so far.as it
concerns the ébility of the soil to feed the plants, has grown out of two
kinds of shudies - the first of selution cultures usiﬁg purer and yet purer
water and chemicalsland the second the study of a number_of piaﬁt anl animal
diseases that could net e related to infections by bacteria, fungi, viruses
or other parasites. Wherever infertile soils are now encountered which
hitherto have not respﬁnded to the older fertilisérS‘it has become cusiomary
%o experiment alsc with the new;r elements known:to be necessary as plant
foods and in some casges quite'spectacular results have been obitained. Becausse
of the émalquuantities neeled, they are known as trace eléments.

The first modern experiments to préve conclusively that plants need
more. than the standard elements.was that published in 1923 by Katherine
Warington at Rothamsted, 80 years after the first trials ¥y Lawes and Gilbért.
fhe was ablé to show that broadrbe;ns wili mi grow-unless they are suppiied
with boron, the element characteristic of borax. If seemed at the time ag if
this discoveryfwﬁuld be of little practical value but it was not long before |
digeases such as Inbernal Cork in applés: in Wew Zealand and Heart Rob in sugar
beet in meny parts of the world were shown to be due to boron deficliency and
that they could bercured by the use of borax as a fertiliser.

We now know by means of solution cultures that manganese, copper
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and zinc are also needed in quite small amounts for the growth of plants and

“that quite freguently soils occur in which these elements are deficient or

at least not easily available. . Sometimes liming the soil may make some of
these elements less availazble and diseasés show up in consequence. ‘This
applies particularly ito boron and manganese. The guestion of msnganese
deficiency was-first studied in ﬁustrélia by Samuel and Piper and their work
was published in}i929a In oats manganese deficiency shows itself am 'grey-
'speck diseage," & disease wéll Impwn in FBurope and first ofﬂcial;y recognised
in ﬁestefn Australia in 1927 and aiso about the seme time in South Australia.

Copper was used in Holland %o cure the Preclamation diseasel that
affects crops 6n peaty land first brought iﬁtq cultivation and similar egperience
was obtained in Floiida in reclaiming some of the ﬁeat lands of the Everglades
f;r vegetable growing. = Also in Florida - a die-back or Bxanthema of orange |
trees had been cured by spraying with Bordeaux mixiure which of course éontains
coppers In Australia it has shown itself as a useful fertiliser mainly in
parts of South Australia and Western Australia. An oat cfop suffering from
COppEr deficienqy shows symptoms well described as Myigher tip'.

The value of zinc as & fertiliser has been recognised since about

1931 and was first used to cure diseases such as "rosette® in pecan natg,

"Little leaf? in peach trees and "motile leaf! in orange tress in Galifornia.-

It is now used over a wide area in Australia on a commercial scale in the
treatment of pine trees, citrus trees aﬁd vines and on crops énd pastures in
South Ausiralia and Victoria, In the cases of tress it is not customary to
treat the soil,‘it islfoﬁnd to be better to spray the trees. 1In the case of
vines the paintiné or swabbing of the pruning cuts is more effective than

other treatments,
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" We can now return to molybdenum which you may recsll was first

"proved to be imporbant for soil bacteria about 17 years ago. Solution culiures

also showed that it might be important for plants but really good tests have
8till to be made. Molybdenum was tried many times in Austraiia in conmection
with other_problems before it was found to be the element concerned in the
unthriftineés of subtérranean clover on certain ironstoné soils in South
Anstralia and Ta;ﬁania. Responses have since been foupd in similar areas in
the Capital Territqry end in New South Wales. It is used in the form of
molybdate or even of roasted molybdénite ore.. There are ‘three interesting
things about molybdenum. They are (1) that only very sm=ll quantities are
required - perhaps one ounce to the acre. (2) That the molybdenum does not
act directly on the clover, but only by its action on the nitfogen fixiung
b%gteria in the root nodules anﬁ (3) that liming increases the availahilitﬁ
instead of decreasing it ag with manganege and boron.

| In gddition to these irace elemenis some of the oider known seléments
are gometimes reduired in special localities. Magnesium ﬁas been used on
tobacco and on fruit trees and su;phur on tea plantations.. Sometimes iron is
not available gn& iron s=2lts must be used. |

We can now turn to ﬁhe.lesS direct effects of goil fertility ~ those

that opefate through the p}ants on the livestock that feed on the plants.
We are not concerned hére with just carrying capacity but witﬁ the health of
fhe stock and the quality of animal products. Sometimes the plant can. gecure
a sufficient amoﬁnt of an element from the spil to meet its own requirements
but not enough to keep étock healthy. In some cases even we have no evidence

that these elements are needed for plant life at all,

The most important of thess elements so far are iodine, cobalt and
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copper. We are apt also to overlook the fact that animals must also get

- their galt in this way unless they are able to find natural salt licks or

have the salt specially provided. We know sdmething about the factors, mainly
meteorglogical, that control the presence_éf iodides and sali in the soil.
Cobalt deficiency plays a very imporiant part in determining the health of
sheep and cattle in many parts of the world. We are more familiar with its
importance in Aﬁ;t¥alia and New Zealand where it wag found to‘ﬁe assdciated
with Ooast~Disease in South.Australia, Wasting Disease in Western Busiralis
anﬁ Bush Sickness in New Zealand.

Copper is also associated with Joast Disease, and its deficiency
was found to cause a type of rickets (Ataxla) in lambs in South Australla
and Western Australia. It alse plays a part in maintaining quality in wool.

» h .
Both in Queensland and in South Ausiralia copper deficiency plays & part in

the occurrence of straight steely wool. In Sweden the need of copper. for

dairY'catﬂenas been known in g practlcal way for two or three generations

and bluestone has been added to the drinking water. Of more recent years
we have bheen told that cows and calves are even fed copper coins occasionally
Just to keep them healthy.

It is-not always that:soiis are infertile through lack Ef somethiﬁg ‘
or other. Quite often the infertility is due %o an excess. Just as soils
may be made to produce moré by meang of irriggﬁion, g0 they may at times be.
mede more productive by drainage to remove excess of water. In most irrigation
areas it has proved necessary to do both for the supply of irrigation water
neéeds great skill ‘and it is easy to overdo it. |

We are concerned however, with excessive amounts of other things -~ by

far the most common is common salt and the other salts ugually associated
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with sea salt. Selt sometimes affects the yield of ordinar& agricultural

erops. I have seen this oceur particularly in Western Australia but it is also

to be seen occasionally even in Tasmania. It is always worse)howeve;}in irriga-
tion areas becanse it is the dry countries where irrigation is most needed that
salt izﬁfgiﬁly to be presen? in the soil. The management of salt affected

1snd calls for gréat skill and may involve quite expensive drainage systems %o
remove bthe salt.r Another type of infertility closely associated with salt is
what is scientifically known as "solonisation. The lime which is ordinarily
combined with the clay in the soil is replaced to a certain exient by soda.

Such soils may oécur-quite naturally and if the replacemen£ is too excessive
the soils become sticky and impervious and even quite alkd.;né. The condition
ig usually remedied by treating the soil with gypsum or sulphur, but thexe are

A Y N
some difficult cases where even this treatment has not been successful,

If the soil is heavily leached through high rainfall or regulaT
7

flooding, the combined 1ime which we have just mentioned finds its way into

the drainage waters of the country gnd the soils become abid. S0ils that

are infartile?through acidity aré not very common.in Australia-and vefy often
the economic solution of the problem is to choose a crop to it the degree

ef soil acidity-rather than to attempt to correct it by using lime. Many

of vou will be familiar with the term ¢ pH., Thig is a very useful device
invented in 1909 to:indicate precisely the degree of acidity.

The i{race elements are, as their name indic;tes. needed only in
small amounts. Their presence in the soil can be alsgo harmful even if the
amounts present are small as compared with the standards established for
common salt. Boron is one of the elemsnts that can be present in amounts

harmful %o crops. I have not heard of any cases in Australia but such are
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known in Cslifornia. Two other cases I wish to mention vhere livestock are

‘harmed by excessive amounts. The first is molybdenum which we have just

dongidered - excess of molybdemum in the pastures, and by sxcess, we do not mean
really large amounts - something of the order of 20 parts per million - is
Pelieved to be responsible for a scouring disease of cattle in the West of

England known as WPeartt,

4

In the western United States; another. stock disease is caused by
an excess of selenium which is concentrated in certain spécies of plants. This
disease was first described by'Marcp Polo during his visit to China but its
cauée was not ﬂhenlknown. Although we have no fecor& of selenium polisoning
atock in Ausiralia, it would nob be surprising to find it soomer or later in
our desert regions.

You will note that soLfgr I have paid‘little attention to the

.

. \'”“—u.
organic matter or hums and its contribution to soil fertility. Organic matier

‘has & triple role to play in the soil. In the first place 1t acts as a reserve

of plant foods. Eaﬁural'organic manures arve usuglly sloﬁ acting when theyxéie
used principally as a source of nitrogen. It ié interesting however that
recently s;owly acting chemical nitrogenous mamires have been developed which
may well play a special part when the opportunities for their use have been
more fuily teéted. As the organic mafter originally comes from the soil so
generally speaking what has been ftaken up can de returned in what is likely

to be a more readily availéﬁle form. In the gecond place it proviﬂés_energy -
food if you like - for the gréat population of micro-organigms that play

their part in cqnverting complex organic fesidues 0 the simple chemical
sﬁbstgnces that make the actual food of plants. And finally it assists in

forming the structure of the soil which is so important in the preparation of

[



cultivation,
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"the seed bed end in abserbing moistufeland maintaining an air supply in the

801l itself, Hoois breathe and need oxygen. The search for a cementing agent
in humis 6 play a part in meintaining soil structure has not been very
suecessful and we are increasingly inclined to look upon grass roots and the
structures of the growing fungi to keep the crumbs together that make the

ideal structure. Loss of structure means poorer penstration of rain and

consequently greater run-off leading possibly to erosion. It means also

 frequently the loss of good conditions for seed germination. It .is most easily

destroyed by cultivation and most easily restored by putting the land back to
pasture - much more easily this way than by green manuring. At the Walite
Institute in South Australia, the greater part of the goil structure built up

over the centuriss of native conditions was destroyed in four vears of

The use of bumus to build up soil fertility is often advocated these
days as being preferable to the use of chemical fartilisefs. It will be obvious,E
to you from what I have said today that plant remains whether as humos or as asheé
will be more complete than many or any chemibal'fertilisef. But on any given
farm or piece of land there are only omne or two or ;6ssi£iy none of the'planf

Toods in insufficient amounts to produce satisfactory crops. The use of the

proper chemicel fertiliser in itself guarantees the proper accumulation of

organic matter in the soil and there is no evidence at all in a properly

constituted crop rotation of cereal and legume or in an equally well constifuted
pasture that the use of chemical fertilisers speeds up the decline in humus |
content, rather to the contrary.

In conclusion may I say a word about the rate at which our knowledge
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has been increasing and has béen gpplied %o practical farming, It took 400

‘years_hefore the gimple pot experiment of Wicolas to find out how plants grow

found its practical application in the Gevelopment of the chemical fertilisers

of modern zgriculture, but these were also based on practical farming experience.

The use of phosphates, potash and nitrogen were established by farmers long

before a seientific reason could be given and even ‘the use of copper was

- discovered by préctical men before the scientist wes able to show that it was

really esgential for the growth of plants.

e sciéntific importance of zine in life wés fifst suggested about
1870 and it was:sixty years before it found practical application. It fook
A0 years before the ideas of the theory of electrolyte qissociation found
their practical aﬁplication to the gstudy of the pH valdes of solls éﬁd it was
another 10 years or more before' farmers became familiar with the idea. In the
gése of'mqubdenum thereras only about .ten years Detween the laboratory
discovery and the field application. In the cases of manganese and cobalt
the scientific work and the practical application were worked cut.togéther.
It is the speed and certainty with which bechnical sdvances follow sgientifio
discovery thaﬁ has made scientific research in agricultufe such a sound

investument todays We are far ffom'nnderstandiﬁg everything that takes place

“in the soil nor do we have a full understanding € the needs of plants or of the

?asis of soil fertility, but I think you will agree with me that our knowledge
is advancing and that it is on the basis of such knowiedge that a progperous
agricul ture and livestock industry must be built. I feel sure ﬁhat-you will
agree with me that none ﬁoulﬁ héwe appreciated more this advancing knowledge
than Wiiliam Farrer, himself, whose memory ﬁe honour today.
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