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DEPARTMENT OF CHEMISTRY
By E. lt. Ctorvlarr

Gexrner
During the years 1938 to I94l several members of the Depart-

ment were occupied wittr plauning and equipping the new labora-
tories. The old ones were gutted and rebuilt to form a single
compact unit with the new extension and part of the adjoining
range of new glasshouses. The extra spa.ce made it possible to
a-ssign special roons to spectroscopy, X-rays, microthemistry and
t}te varied preparation and analytical work required for a rapidly
expanding programme of field experiments. Some oI the new
laboratories could not be fully equipped during the war and were
therefore used by other bodies, the A.R.C. Unit on Soil Metabolism
and the British Leather Manufacturers' Research Association.

From l94O onwards the prqpamme of the Department was
devoted increasingly to special investigations for the Agricultural
Research Council, the Ministry of Agriculture and the Ministry of
Supply, arrd to advisory work in connection with food-production
problerns. Much of this work was done in collaboration with other
research institutes and the agricultural advisory service. It
amounted in fact to what has b€come known as " olrrational
research " or the collection of objective information by which
current polici€s can be judged and improved. An early example
of this type of investigation was the joint report hom the Chemistry
and Statistical Departments on the basis of a war-time fertiliser
policy, described on page 262 of this Report. Much of this war-
time work has not yet reached the stage at which results of more
permanent and general interest can be worked up and published.

A great deal of the work has necessarily been carried out by
teams with each individual specialising in one aspect. Those
responsible Ior the main sections have been :-
R. G. Warretr Aoalyses ard geaeral supervision.
H. \'. Gamer Field experiEeDts a\ray lrom Ro+h.hqt€d.
G. Nagelschmidt X-!a]s and mineralogy, aDd phosphate {ertilisers itr pot

aDd laboratory experimeots.
J. B. Hale Sp€ctrographic aDalyses.
G. W. Cooke Soil phosphates atrd field experimeDts otr phosphate

lcrtiliseE.
S- G. Heinue Soil EangaEese add l,aboratory tests oa availability of

nitrogetr lertilise6.
A. H. Bunting Field experimeDls otr orgadc manures and coEpcsts.
N. S. Bam.,i Nitrificatiotr and ferEetrtation tests.
E. H. Cooke Pot experimeats.
B. Beozian
H. Ni<on

Records atrd correlatioa of data.
Phosphate and fluorine atralyses.

OtheE *,ho bave joiqed the Departmert more recetrtly are :
w. E. Chambers SpectroSraphic anatyses o{ llyheat straws froo Ilroadbalk

plots.
J. M. BremDer Soil o.ganic matter.
P. W. Aioold Basic calcium-phosphate equilibria.

Sort-rT nrrrr:ry PRoBLEMS

During the war the laboratory work has been very dosely linked
with iield and pot fuvestigations. Nearly all of the field experiments
provide soil, manure and crop samples which have been examined
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Dartlv to supplement the yield data by bringing out chantes in
irop quality-and recovery of added nutrients, and Partly to test
the vifaitli of laboratory methods in advisory work- agaxJ:t the
actual behiviour of field crops under a variety of soil conditions.
It is anticipated that soil samples from many of the field exPeri-
ments will- be used for several years to come in checking and
developing improved methods for soil anallses that may- em€rge
from future laboratorv investigations on more theoretical points.

,l Th. lareest series of comparable soil samPles from fertiliser
./ experirnenti is provided bv tboie on sugar beet carried out annually- sin'ce 1933 for tlie Commitiee on Sugar Eeet Education and Research,

in collaboration with the agriculturists of the 17 sugar-beet factories
in Britain. Several altemative methods for estimating readily
soluble phosphate and potash (and some other elements) -have been
compared with the actual croP responses to vanous le-rtrLrse-r- com-
binitions over a long Period and a wide variety of soil conditions.
It has become possible to define more closely the range of conditions
with which crirrent methods and some alternative ones may be
used with fair confidence on soils of average fertility. The following
figues illustate the value oI the citric-acid method which is widely
usied in advisory work. They give the aver€e responses to standard
dressings of sulerphosphate or muriate of, Potgs! in soils grouped
by the results 

-of 
analyses on samples taken before the manures

were applied (the tests on phosphate are limited to no-n-calcareous
soils ai<i the responses to potash are in the presence of basal dress-
ings o{ sulphate oI ammonia).

Ao.rdAe rcs,onscs in .ut. oJ .rrra s.gar Pct 4.t. in- soil; ElouP.d by cibk'acid ar.alyscs

P.or ia
soil, log. i/o

No. oI
Mean tespoose

to
superphoq)hate

a-2
3.1
1.5
l.r
0.4

K!0 in soil
Inc.oh

llealr rcspo8e
to muriate
of potash

No. oI
centtes

to8
8.1-16

r6.l-32
32 l-64
Over 64

to8
8.1-12

l2.l-10
over 16

rr2
57
22
20

6
3r

62
t3

4.4

0.3
0.0

There would dearly be a Sreat economy if the practical Tanlnng
of such soils could be adjusted more closely to the indications from
soil analyses. There is, however, room for Sreat imProvement in
the "naiJrtical metltods themselves, for discrepancies -betweeD
exoectation ald performance are not uncommon' Some improve-
m6nts are possi6le by recognising ttre limitations in tbe actual
methods. ihus, Ior ihosphate the citric-acid method is unsatis-
factorv for very acid soill and fairly good for calcareous soils,
provid-ed extra acid is used, whereas leaching with acetic acid is
iood for acid soils but not for highly calcareous ones. When such
[mitations are recognised there is a wide choice of alternative
methods, some of wliich can be carried out quite rapidly, provided
the technique of extraction and analysis is most rigitlly-standardised.
Rough un;ritical soit analtses may be most seriously misleading.

P=ot cultures provide a useful but limited intermediate state
between laboratory and field experiments. Much time has beel
devoted to developing a rapid small-scale Pot test for available nutri-
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ents, especially phosphates, in soils, fertilisers and manures. This test
proved particularly serviceable for various war-time fertilisers for
which there was Iittle or no previous experience in this country.
One such cliass of materials was exa.mined quickly and repeatediy
as- the scale of production expanded from the firsi few grims of a
laboratory preparation through two sta"qes of pilot Dl;t to full
commercial production. The problem ol mainiainin! sufficiently
constant moisture contents in small pots was solved- by allowing
glass pots to stand in saucers kept partly filled with 

-water 
ani

using. a mixture of_soil vith coarsely ciushed flint to proyide
suficient aeration, Radishes were generally used as the teit crop,
and after about four weeks were -weighe,i, ariea and a_shed f6r
phosphate analyses to determine the told uptake.

The small-pot technique has been used to estimate the avail-
able-nutrient contents oI soils by measuring responses to added
nutrients. It has not so far proved satisfact"ory fbr investigations
on tbe difficutt problem of pliosphate fixation,-perhaps beciuse it
fails to allow suficiently iatimate reactions betri.een s'oil and ferti-
liser or because the soils remain cootinuously moist. ExDeriments
on phosphate fixation are therefore being-made with irndiluted
so_il in lsg". pots testing a variety oI phosphates in two contrasted
soils by a series o{ successive crops oI rape or cuttings of perenniat
ryegrass.

, In laborato_ry-studies on the availability of soil phosphates and
the-Iate. of add{-phosphates attempts have been;ade'(lg to 17)
to fractionate soil phosphate by suicessive extractions iith such
reagents as a weak acid, an alkali (followed by a differentiation
between organic and inorganic forms) and a itrons acid- This
gives at least roughly a distinction between calciuri DhosDhates
organic phosphatd, iion phosphates and apatites- -*ilt6;-#
dilute acids are sometimes complicated by secondary reacLions b-v
which dissolved phosphate recombines witi or is abs6rbed bv othe'r
soil constituents. Attempts have been made with some iucces"
to limit the extent of this disturbance by adding such materials
as 8-hydroxyquiaoline or selenious acid to thi acids used in
extractint the calcium phosphate.

Calcaneous soils present special probleurs in using phosphate
fertilisers and in assessing phosphate requirementis.' Soluble
phosphates may react with calcium carbonate. Lirnestones or
chalk may contain appreciable quantities of phosphate not im_
mediately available to plants and yet broughl int-o solution bv
excess acid in laboratory tests. It has receitlv been found 02')
tbat the remaining chalk fragments in some of tie Broadbat Jo s
receiving superphosphate contain appreciabte aEtounts of fluor-
apatite, formed ma.inly during the la-st EO years when ttre suoer-
phosphate has been made hom mineral 

- phosphate coot^iiirw
fluorine. Such a formation of fluorapatite i'n caicareous so s hd
lorrg been expected on theoretical grounds, but this is the first
direct experimental proof of its actual occurrence. One practical
indication from studying the reactions likely to occur in calcareous
soils is that soluble phosphates might wel.l 5e given in small annual
dressings, where possible close to the seed, and not in occasional
heavy dressings intended to build up reserves.
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At the other end of the scale of reaction attempts have been

made to see what amounts oI available Phosphate are mobilised by
liming very acid soils. These appear to be comparable with those
in orfunary fertiliser dressings for land which has been manured
in the pasi, but small for reclaimed waste land.

ORcANtc -\tANURES
'[he general question of the part Played by soil organic matter

and buliy o.gtni. -anrt". in the miinienanie of soil fertility has

remained"in t"he forefront of our programme (2. 3, 35). During the
war special attention was given to using both farm and tolvn wastes

to best advantage. The r&r ts of the experiments at Rothamsted
are briefly sumirarised in the report on " Field Experiments on
the Rothamsted Farm."

The experimental batches of larmyard manure made in bullock
boxes and tpen yatds were analysed to fotlow the fate -of the
nutrients, -i th" 

".op. 
grovrn with them werc also a,nalysed to

determini the ultimate iec6very of the plant foods from the original
feedins stufls. All the materiats used in the Rothamsted potato
exoeriilents and in a number of the other field experiments were

teslted in Dot exDeriments in collaboration with the Botany DePart-
ment and in h&ratorv nitrilication and fermentation tests. Apart
from suoolvins olant foods the farmyard manwes and other fibrous
***d'hirr"" i d.finit" physical 

-effect 
which oftel aPPears to

depend on maintaining a ipoitgy open structure in the vicinity of
the potato tubers.

Throughout the war a steadity increasing -number of field
experimen"ts was carried out in diffeient Parts of the country under
thi auspices of a Conference of the Agricultural Research Council
and oftin in collaboration with members oI the Institute of Sewage

Purification (4, 5, 6, 39). Before the agricultural quality of towr
refuse necessarilv deteriorated with improving salvage, a number ol
exoeriments had shown that its manurial value was too low to iustiJy
appreciable expenditure on transport and apdication Sewage

siiidges used alone or in comPosts with straw offered much more
proriise. essentiallv as sourcis of slowly available nitrogen and
Lhosohate. Their iovertv in potash must be recognised if seriously
irnUiancea manuring is tb be avoided' The availability of the phos-

ohate varied widetv. low values commonly occru'ring ln se\ rage

iludees with Larse imounts of iron and other heavy metals from
indGtrial wastesl Digested sludges have not only b€tter Physical
conditions, but more'readily available nitrogen than- raw sludges'
Shed{ried eround sludges are naturally more convenient to handle
and are richer in immediatelv available nitrogen. Some ot them
have given poor results when applied in potato bouts, and -it- is
not ve1 clear whether this is due to toxic elements or to Provldlng
too iieh local concentrations of ammonia near the sets. In most of
the exirerimeots the amounts of available nitrogen and phosphate
accounied lor the observed benefit : indications of physical improve-
ments were obtained only after repeated heary dressings. Composts
of sewa.se sludee and ltraw have shown additional advantages
which mirst be;cribed to physical improvements in the soil and to
the supply of usefirl amountsbf Potash. In 1945 this range of field
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experim€nt was extended so as to test sludge-straw composts and
straw ploughed-in with sulphate o{ ammonii over a widd range oI
soils, including some thin soils over chalk. so as to provide extieme
contrasts with the older Rothamsted experiments. -

Most oI the experiments on bulky organic manures have been of
a complex desigr testing the various tombinations of N, p. K
fertilisers in conjunction with each organic manure a.nd also without
organic manure. Many of the experiments have been on market-
garden,soils for whicli additional 

-supplies 
of organic manures are

so much needed.
An importent section of this work has been the laboratorv studv

of the content and availabitity of the nutrients, especiallv niiroee;
in different kinds of farmyard and other brk; ;;;;. ,iE;
mass of analS,tical data has shown the average co:mposition and ranEe
of variation of bulky organic manures pioduced under differeir
conditions- The field experiments have brought out several
instances in-which -practical judgments of the stag; of rotting and
manurial value of farmyard manures differed markedlv from"their
performances in the field. The phosphate and pot;h contents
frequently provided the clue. Sorire indication of'the availabilitv
of nitro-gen and the state of rotting or maturity was obtained from
a new fermentation test based on the effects of added cellulose or
ammoniun nitrate on the carbon-dioxide production urder controlled
conditions.

FERTILISERS

Slowly actirg nitrogen fertiJisers such as hoof-and-horn were
dimcuJt to obtain during the war and various alternatives were
investitated. One very slowly ecting but none the lqss active
material was found in forma.lised casein, a plastic waste. This
decomposes in the soil much more slowlv thin hoof-and-horn of
normal grist, and for this reason its value-was not at first realised
{ practice. Itshoplq have merit as a basal &essing where.a succes-
sion of crops is to be taken. It serves to provid-e an interestins
contrast with the more rapidly ava.ilable forris, such as dried bloot
and fine hoof meal, in trials on rate of action of nitrogenous fertilisers,

Ground leather waste has negligible va.lue as a fertiliser. Our
experiments have shown that somi of the commerciallv treated
leather wastes prepared by acid digestion have onlv i modest
fraction of their nitrogen in a. rapidJy avaiJable form and very tittle
in slowly available forms. In collaboration with the British ieather
Manufacturers' Research Association attempts were therefore made
to find other ways of converting waste leath-er into a usehrl fertiliser
by detanning vegetable-tanned leather to free the hide protein.
It-wls shown by laboratory tests, by pot{ulture erperimlnts in
colaboration with the Botariy Departmeirt and bv field experiments
on market-tarden crop that the product was comparabte in activitv
with dried blood or crushed hoof. Unfortu-oatelt it did not prov;
possible during_ the war to put the process into production on the
commercial scale.

The choice of phosphate fertilisers is rapidly being widened as the
result of promising new developments in itremiiA engineering.
New concentrated soluble phosphites, triple superphosphite and"a
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sranulatd form of ammonium phosphate Proved Popular durint
ihe war. An entirely new range of insoluble but highly avaitable

ohosphates is steadilv being developed, especially in t}te U-nited

States. Unde. some conditions considerable economy can be el lecteo

bv using retratively cheap mineral phosphates in place- ol .more
etitrrratiiv treated produtts' There are still great posslbLtlttes rn

improvini the present low efrciency of phosphate fertilisers by
adiustine" the ainounts, forms and methods of application more

clo'sely io the actual conditions of crop, soil, climate and iarmlnt
system.-'-5o-" 

of these problems became urgent several times during the
war when it seemed possible that one or both of the two imported
ir,*Jents oI superirhosphate-mineral phosPhate and Pyrites-
miEht become scarce. Had sulphu.ic acid been short, it would have

#n necessarv either to use minerat phosPhates directly on suitable
land or to convert them into more readily available fertilisers 

- 
ln

some other way. Good results were obtained in exPeriments Jrith
C*"."o tni".ia phosphate, a very hard -material containing
unusuallv little flu6rine. Fortunately it wa-s found unnecessary to
r.rind it verv finelv. Both Curacao and Gafsa mineral phosphates

E""u 
"*c"u,int 

.o't It. fo. swedes on acid land in wet districts'
peciallv in soils with very little phosphate soluble in dilute- acetic

acid. A novel American phosphate-calcium metaPhosPbate-
*iin tt" *"iua.nt of over'60 fer cent. PrOo acted very slowty
but appear6d to be wetl suited for leys and other crops occupyrng
the land lor lons periods.
--In collabora"tibn with the Building Research Station of the
D.S.I.R.. investisations were carried oui for the Ministry of SuPPly

o"-pi"p.tine a ieadily available phosphate by sintering- -mineral
oho;Dhate with soda ash and sand in the presence of steam' Iuatenars
ktn'nipt citric solubilities rvere shown to give good results in Pot
and fiel"d experiments. The product, which has been Produced
successfullv in the full technical scale under the name srrco-

"tl."fr"t.]" comDared very favourably with suPerPhosPhate con-

iainiirg equal ambunts of phosphate for swedes and re-seeding in
it 

" 
*itt"i areas, but not for potatoes and cereals in drier ones'- 
Several series of laboratory, pot and field experiments showed

that there was no reason under wartime conditions to vary,our earller
;;;;G.. that the citric-acid test provides a sound indication of

ihe amounts of available phosphate in different kinds o[ basic slag'

Tir;" ;ih little citric-iolu6le phosphoric acid should not .be
regarded as phosphatc fertilisers, but as liming matenal.s contalntng
a fttle available phosphate. They may Prove usetul rn heavy oress-

ings for reseeding on verv e"id soils, but should not be used lar lrom
the works.---In 

a few fielcl and pot exPeriments self-slaking or falling.slags
from blast furnaces and certaiir sPecial steel furnaces proved.al-n:.ost

as elfective as limestone, and in;ddition increased the availability
to croos of ohosohates in the soil or added fertilisers.-- 

Relvetteit mi'xtures of superphosPhate and such basic materials
as lime, basic slag and serpeniini gane results closely similar to those
from superohosihate supplring 

-the same amount of phosphate'
This result'susiests thai- ;ll ihe merits claimed for serPentiue-
superphosphati"i" New Zeatand are not likely to be generally
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otrtain€d in Britain. It also adds one more piece of evidence forth3 viqw that the time has arrived fo, .i"i.irc-til-r*[d;
adopted in the Fertiliser and Feeding StuIfs Aii ft*,iLil;;i;explrying the solubility of phosphite fertilisers. 'ff," *"t"i_
sotubrbty test- originally designed for distinguishine between eood
and bad_ samples of sup€rphosphate can havdlitde ienerat vafait*,when all. sup€rphosphates and ammonium phosp"hates are weil
made and when many other phosphate fertiliiers containine littleor no water-soluble phosphate are known to be as effeciive as
superphosphate.

, Combined- fertiliser-grain driJls imported during the war have
oemonstrated thelr value on many farms. Field t-rials on cereals
carrie^d out- by Technical Development SuUco*mittees' to'r i
A-.K.L. (rnlerence sttowed that on the average Il cwt. oI suoer-
phosphate per acre drilled with the seed *.ri .r"nooa-." ..1-:;
broadcast.(I0). Triats were made at RothamiiJd;-; a"* "iil;Hertlordshre laxms during lg45 on four different methods of aDDlv-
lJtg-.-a- nJlx9d Iertr$er for potatoes, using a special experim'entildflu burlt by the National Institute of Aericiltural eieine€.i""-
Apart trom a slight and doubtful superioritfat low rates oi dresrir,"sof-fertilisers placed in contact with tt. 

""1". 
tfr"i" wo. ;ltdi:

dtrterences between the methods used.

FERTTLtsER REguIRtxENTs oF cRops

S{Eat bczl

---The staadard series of sugar-beet experiments carried out sin&
1934 bas served to establish ihe g*u.al' ,eq"i.em.nts;i tht ;;
for average soih and seasons and ii, 

"to* 
troil ixciJ;ril 

"';d.-;;f,be estimated by soil analyses 
- 
(Bi|). The ""*{;;;;;; rffiexpenments on commercial farms, averaging -over 'all 

combina_
tions of other fertilisers were :-

wasnca I -roots I roF
ToEs pcr acre

SoSar Cwt. suta.
P€r acre

0.8 cwt. N pcr acre as sul-
phate ol ammoDja

I { cYt. &0. per acre as
superphosphate .. ..

1.2 cwt. Iqo per acre as
Duriate ol potash

r.32

0.45

0.44

2.86

0 .32

o.2a

-O.rO
0.01

o.22

3.8

1.6

2.O

^_JI"-.3", need is lor ample Ditrogen with only moderate
amounts ol phosphate and potash.
.. the responses to nitroten and pota.sh together were sreaterrtran tnesum ot the separate responses, but thole to superpho-sohate
ord not depend on the presence or absence of other felrtilisers]

Respo trse to a cwt. sulpbate ol aEmoda per acre
li,espoase to 2 cwt. duriate of potash Der acre
xespoose to boti together -. ._.

Cvt. sugar
Per arare

3.1
t.2
5.8
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The standard series of exlrriments brought out marked scasonal
difierences in the behaviour and composition of the sugar-beet
crop. Thus, the drlr summer and wet autumn of lg44 r,r,ere par-
ticularly unlavourable for sulphate of ammonia, whereas in-the
rret summ€rs and -dry autumns of 1936 and lg4l sulphate of
ammonia gave particularly large average responses.

From 1940 onwards the design was modified to test in addition
the elfect of 5 cwt. of agricultural salt per acre (8, 9, 96, 4A).
The average results for the individual years and for the main
cla-sses of soils are summarised below for plots receiving nitrogen
at the rate of 4 cwt. of sulphate of ammonia per acre. On the averi,qe
of over 100 experiments 5 cwt. of salt gave 5.2 cwt. of additionil
sugar, whereas 2 ctlt. of muriate of potash gave onlv 2.8 cwt. of
additional sugar. Even where 2 cwt. of mluriate oi potash were
given there was a furtJrer response of 2.6 c*t. of sugar for 5 cwt.
of salt, but where salt was given there was a negtgible additional
response to potash.

Cd. odditioral *gar ?ca acr. on $Ear-b.cl flok tc.?itinr
srtphdk of d r.onia

Av.,q. for all soils
{€rcept ,cD!)

No. of
trial.

Froo
muriate ol

potash aloBe

From
salt

aloflc
)f potash add
satt tosethcr

l9,lO
l94l
t942
1943
19{{

24

2l
l8
l8

3.5
3.2
3.4
l.l
2,4

5.1
4.8
5.0
1.1
6.4

6.1
5.2
6.8
1.4
3.2

Five ysrs 103 2.8 5{
A*"qc fo, lioc t.drs

Coarsc sau&
Fine seadg
Light loams
Healy soils
Fen soilg

20
l0
37

I

2.8
1.7

2.4

5.1
5.7
1.7
5.3

c.{
6.5
1-1
5.2
3.8

_ Svs-tematic analyses of samples of sugar-beet tops and roots
sho\r'ed that the targer crops grown with -salt contained no more
potash than those vrithout salt- Considerable amounts of sodium
are taken up from the salt, but only a very small amount of the
sodium reaches the roots. This work bas shown that sodium must
be rega_rded as a true plant food for sugar beet (and maDgolds), and
that salt does not act by drawing on reserves of potash in thi soil.
Sugar-beet growers should use salt much more generally, even when
suppLies ol potash are easier to obtain.

Special series of experiments have shown that the salt may be
applied at any convenient time up to a week or two before soGng,
even before the winter ploughing. Although the soil structure maybb
temporarily damaged by heavy rain after applying salt, there'has
been no evidence of any bad effect on the crop or anv cumulative
effect on the soil, even where, as in one Rothamsteri experiment,
salt is applied every year.
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Borax was included in the series oi experiments from 1945.
In that season it had negligible effects.

Flat
Io collaboration with H.M. Fla:i Establishment, Flitcham Abbey,

Norfolk, and Advisory Chemists, a series of field exPeriments was
carried out each year ftom 1940 to 1945 to test the effect of nitrogen,
DhosDhate and potash fertilisers on the yield ol processed flax.
bn tire whole thi crop proved relatively uruesponsive. Even where
the field weights of 

-the crop showed responses to fertilisers -the
benefit often -disappeared duiing processing. There is no justifica-
tion for manuring'flax differeitiy from barley. Phosphate and
potash are needed only on soils deficient in these plant foods.

Rubber
Some of the results of manurial experiments on youn8 rubber

Dlantations conducted since 1933 by llessrs. Dunlop Plantations
in ]Ialava, in collaboration uith Rothamsted, har-e been pubtished
(ll). )iineral phosphate had spectacular effects on early gro*th,
the'trees reaching the tapping stage from six months tD two years

earlier, with a corresponding saving in the initial costs of Selting
an estate into bearing.

Oil palm
A somewhat similar series of manurial experiments was laid out

oo the oil-palm estates of [Iessrs. llnilever in Nigeria, and the
Belcian Conso. from 1940 onwards, the plans being outlined and some
ot t"he sites s-elected during Dr. E. NI. Crowther's tour in West Africa
in 1938-39 (I). So far the trees already in bearing have given only
modest responses, though this may have been due in P{t t-o wqr-
time interiuption in the manuring prograrnme. Results for the
young trees are not Yet available

Fo/esl tfees in rutrseies
Under a programme oI work drawn up by a Forestry Commission

Committee on 
"Nutritional Problems in For€st Nurseries, manurial

exDeriments were laid out in 1945 on four nurseries and in boxes

at'Rothamsted. All the nurxry experiments included Sitka spruce
and ash, with Scots Pine and birch in addition at one nursery'
The preiiminarv indicitions lrom shoot growth in the first season

are t'hat much-of the benefit from composts, especially in waste-
land or \roodland nurseries, can be ascribed to the Plart nufuients
thev suDDlv. and that some of the differences between nurseries
can" be intrhreted in terms of the nutrient status of their soils as
shown bv riil at.h=it and bv the responses to fertilisers. The
indicatioirs are ,te"o"a.ily teniative as the experiments are to be

continued through the lining-out stage and new experiments started
in seedbeds in 1046. In boi experiments with a slightly calcaleous
old nursery soil, on which Siika spruce had consistently failed,
large planti were grown on soil which had been acidified. the hefhts
regilarly foUowing the amounts of acid added.

SoIL ANGANESE

Mansanese deficiencies in such crops as oats, potatoes and
s,rg.r U&t are fairly easily recognised by-l:af symptoms and 

-by the
response of the croP to spravs containrng manganese supnate.
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The deliciencies are known to be associated with certain types of
soil, especially heavily limed soils rich in organic matter, but there
is no satisfactory method of estimating available manganese in the
soil. A variety of different soils including a series of pairs of samples
representing contrasted crops in the same field was examined for
different forms of manganese. The exchangeable manganese
genera-Uy increased with soil acidity, but, except in some very acid
soils, formed only a small fraction of the readily reducible manganese.
The exchangeable manganese tended to be low where sensitive crops
showed deficiency slmptoms, but it was sometimes low where the
crops were healthy. There rvas no evidence to support the view that
the readily reducible manganese lvas a better guide than th€
exchangeable manganese. In some contrasted pats of soils, mainly
fens, with similar reactions and contents of exchangeable and total
mirnganese, deficiency s)'nptoms were showl on the soil with the
higher content of nitrifiable nitrogen. Other evidence from field
and pot experiments supported the view that high available
nitrogen favours manga.nesedeficiency syrnptoms.

Manganese salts added to neutral or alkaline soils rapidly pass
over from the exchangeable to other forms which are readily
reducible and soluble in solutions of sodium hexarnetaphosphate.
In the course of an attempt to fractiolate organically bound
manganese it was found that a large proportion of the soil man-
ganese dissolves as a compledon in sodium hexarnetaphosphate.
When the staff of the A.R.C. Unit of Soil Metabolism had established
the importance of trivalent manganese in the soil, a critical
examination was undertaken in collaboration with them on methods
for determining the various forms of manganese in soils. Improved
methods for determining di-, tri- and tetra-valent manganese were
applied to contrasted soils without, however, finding any infalible
criterion for manganese deficiency. In most deficient soils a high
proportion of the total reducible mangilnese was in the nanganic
form.

Pot and field experiments on " marsh spot " in peas showed that
direct application of manganese materials to the soil had erratic
effects, owing to rapid oxidation. The critical period for the uptake
oI manganese provd to be from the flowering stage onwards. By
injecting various inorganic nitrogen compounds and amino acids
into plants it was possible to induce " marsh spot " in peas grown
on soils amply supplied with available manganese. It was also
lound that oats in pot experiments on manganesedeficient soils
developed severe " grey speck " when treated with sulphate of
atnmonla.

SPEcrnocnepnrc ANALYSES

With the completion of the new extension in the autumn of
1939 it was possible to equip a basement room as a spectrographic
laboratory complete with dark room. The installation consisted
of a Hilger medium quartz spectrograph (fD 60 cm.) and non-
recording microphotometer, with the necessary equipment for
arc and spark methods and lor the Lundegi.rdh air-acetylene flame
method for analysing solutions.

In analysing plant material for the common elements by the
Ilame method the preparation of hydrochloric-acid extracts of ash
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was lound to be too laborious, and a more convenient method
avoiding ashing was developed lrom a brief statement by Terlikowski
and Sozunski that hydrochloric acid extracts all the potassium,
sodium, cdcium and magnesium from dried ground plant material-
The extraction of calcium vr'as not quite complete, but all the
manganese was extractable. In the standardised metlod 1.25 g. of
dried ground material are extracted by 5O ml. o{ N.HCI for 24 hours
with occasional stirring. Tenfold dilution of this extract is needed
for potassium and the higher ranges of sodium and ma€nesium,
and further dilution for calcium.

Boron is determined by the copp€r axc, the plant ash being
mixed with an equal weight of a mixture of sodium cbloride and
ammonium sulphate containing I per cent. oI tin as an internal
standard. A plate-blackening trace is applied to every plate and a
correction made for blackening of the spectral background. Other
uldetected sources of error may still remain. The standard error
of the mean of two determinations on the same ash sample is about
I per cent.

The Lundeglrdh method as adopted for the anal,'sis of PtraDt
material has been found extremely useful in dia6nosing mineral
deficiencies in crops and in lollowing the uptake of nutrients in
field experiments. Since 1940 a considerable amount of work has
been done in helping Advisory Chemists in the diagnosis of plant
diseases. In cooperation with Dr. R. Hull of the Midland Agri-
cultural College and Dr. Marion Watson of the Rothamsted Plant
Pathology Department, sugar-beet diseases have been studied both
by means of field experiments and by anal5rsing samples from many
different localities. Deficiencies oI magnesium, manganese and
boron and ones due to potassium and/or sodium can now be
recognised and distinguished from each other and from chlorosis
of the foliage due to virus and fungus diseases. On some acid soils
chlorosis is accompanied by excess manganese in the leaves.

The technique of sampling field experiments during the growing
season to obtain representative samples rf,as studied in l94O and
I94l for potatoes and sugar beet. Every year since tien samples
of leaves and roots ,rom nearly all the main series oI sugar-b€€t
manurial experiments have been analysed to study the function of
salt in the manuring of sugar beet and the role oI sodium in the
plant. To obtain more information on these questions series of
whole-plant samples were taken in collaboration with Dr. D. J.
Watson at three-weekly intervals from all plots in the Rothamsted
two-course rotation experiment during 1942 and 1943. Plant
weights and leaf areas were taken on each occasion and the samples
analysed for nitrogen, potassium, sodium, calcium, magnesium and
manganese.

A considerable number of anal5nes have been made on leaves
from Nigerian oil palms showing various " yellowing " diseases,
and some evidence obtained of potassium and magnesium
deficiencies.

Sort urxrut-ocv
The chief object of this sectiou of the work was to develop

methods lor a quantitative determination of the various minerals
in the clal' fractions oI soils, and to use them for the study of
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!yn19_a! goil profiles. In a critical review (lg) of the results obtained
by 1939, it was shown that it was essintial in determinins ahv
rninerals to use combinations of X-ray, opticat and itr;micit
methods. One example of this approach io prirUtems of soit forma_
tion was given in a detailed study (21) of two Indian soil profiles.
It was shown that contrasted cLays can be produced from the same
parent material under different topograihical conditions. with
kaolin as the chief constituent undei e"lur.ial a"a mont-o.ittonii"
under illuvial conditions. Work on other troDical soils fro- it "Sudan, India and West Africa was intemrpted Uv tt" *".. e, 

"p-reparation Ior further work in this teta, iistini information on
the mineralogy of soil colloids was reyiewed in lgi4 in 

" 
i".t niof

Lommunication of the Imperial Bureau of Soil Science t2O)
Ttre sam,e technique loi studlng clay minerals wa-s usj in work

conducted for the Medical Researih Council's Enouirv into pul-
monary Disease in South Wales Coalmhers (%-80).' Tire mineial-
ogical composition and sources of airborne austs ind "o.-"iti*of lu.Dg residues of miners who had suffered t o. pn"u-olonloii,
wer-e stulilied, and the results correlated with medical, envi.o"*"nt.f
and pathological work.

ANALYTICAL METIIoDS

Thg.large. lurybel oI soil, fertiliser and crop samples taken in
connection- with the field and pot experiments iri the wirk d;;bed
above made heavy demands on the analytical staff of the Depart_
ment. Whenever moderate accuracy wili suftce rapid colorirn'eGc
or turbidimetric methods have been developed. lr'u", i" tfr" .mai
pot-. experimDnts the radishes from single pots or'from bu.lked
replicate pots are burnt with alcoholic mairesium nitrate *aL-f,J-
and the phosphoric acid determined colo"rimetrically b; th; HiJ!JAtsorptiometer. Other crops and bulky organii manures ire
drgested with sulphuric and nitric acids, ind tf,e phosphate deter-
rnined colorimetrically. Approximate determinatiins 6a ;i;il i"
erops, manures and extracts of soils are made turbidiriretricaltv
by the cobaltinitrite method.

- Where lcss acuracy wi.[l suffice, colorimetric and turbiclimetric
determtnations are made visually for phosphate, pota_ssium and
magnesium. In plant 

-samptes tr:om field p'lots ani for checkine
vrsuat oagnoses ot dehctencv slrmptoms, comparisons have been
made between the total contents of these nutrier.its and t}Ie amounts
brought out in " tissuq.testing. " With Morgan's ,ea""i i."ai"-
acetate and acetic acid) the amounts ol pllosphate" and'ootash
extracted increased steadily up to two hours. Ndrmal hvdroi:hloric
acid extracted the potash more rapidlv and comoletelv- 

-

Nitrates and ammonia in sofu are determined "bv extractins
with an acid salt solution and determining ammonij before an8
after reduction with reduced iron using eithir the Con*", ."i"t".
unit or the micro-Kjeldahl method forihe ammonia.
_ Met}ods have been developed for determining fluorbe in
lertrLsers and some pnxTess made wjth a micro-metliod for use on
soils.
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PUBLICATIONS
SOIL ITERTILITY AND MANURING

I. SAvpsoi, H. C. atrd CRow:rEER, E. M. 1943. Ctu? ?rod c,io,, o4-
soil lertititv brobtems. The West Africa ComEissiotr 1038-1939

techiical Rnpbrts, Leverhulme Trust, 8-58.

This reDort on otre sectiol o{ thc agricultural problems oI the British
w6i AftiAn colonies was prepared by two of the techdcal exPerts who
acrnmoanied a Commission oI lbur members o{ Parliameot otr a tour oI all
tL e;ii.h i^a French colonies in West Alrica during the wiotcr of 193&9'
ti a&riues ttre main climatic, SeotraPhical atrd soil cotrditiotrs' the characters
i"a.ilei;.i tb; p.incipal ir6ps-an?l the maio tyPes oI west Afiicao agri-

"',ii'*' l".r"abs itre siecial iroblcm of plantations in west Africa lt
discusses the adniinistraiive atrd investiSational work of tbe several IJePart_

metrts of Acriculture atrd the agricultEial problems arisitrS ln the actn'r-tres
oI other De;artments. Proposals are advanced {or a Post-war reorga-Drsatron

of scieutifii research and survey, witb special emPhasis otr ecoloSrcal ald
soil survevs. meteorology, field experimetrts ofl fioP rotetnns and the
maiotetraice atrd improveEetrt of soil fertrlity.

:i. URowrHER. E. lI. 1943. Tb.,naintenance oI soil Jc"[ty ...l R9y'- S*-. e.Ct., St, 431-437 RePritrted itr The Americau Fertilizer, 9')'
N- ii-, .lta li*.i"tttute-Td:Iay and Tomorrow, edited by Sir John
Russetl : and in-abridged forrn i.o Agriculture, 50' 282-284'

A sererel discussiod ol the scientific aDd practical Problems iDvolved in
the miateoance oI soit fertility' witb sPeci'al re'ereuce to tlre.role of sorl

drEatric matter atrd plant roots itr the formatiotr and coDsf'rvatrotr ol sorls,

thi rotatioo of crops,'and the suPply of available trutrietrts'

3. CBowrEBR, E. lI. 1942. Strou on tic la*t J' \fio" Agric, 19'
l4&150.

The Dractical Droblenrs involved itr utilisitrS local ri'ar-time surPluse of
stras er; discosseil in relation to the aukietrt contetrE of straw' tne Physrcal
A;L;i ;;; t;;"re+ tle prepeuoa ot comPosts atrd direct Plowhing.-
iD. On ttre avcre.qe the straw cf,oP ftom ole acre coiFrn' aDotlt as mucD

Jt-irLT"-t oT-uriate of potaih, but otr Potash-deficietrt soils the straw
inoolies much less Dotash Hesults of a RothaEsted rotation exPeflEent
;ffii;31 "bo*;-tf"t 

;traw atrd a fixed quatrtity oI fetrtiliscG 6ave- th€ best
r"solts *h"a the straw lf,"4s Ploughed-in during the autud! atrd.fertills'l:s
aDDtied directlv to tle louowi-trg potato ctoP. The ilomediate--etlect EoE
oifooostinc th6 st 'aw ad {ertilise$ w"as l€as thaa usr,rg the 1eftrr'I'seE-aro-Ee

rr tile seiod vear {.here was doderate residual effect ftoE each lDetlrod ol
G;-;;;-fh; *". little or no imdediate or residual effect of st''aw itr
eithir foro on sugat beet or lradey

4. CrowaEBr, E. M. f04:i. Comqosk, tl' ?r'?uatio" d'til tabz'
Ann. APPI. Biot , 30' 392-395.

,\ getreral reviex.

5. CRoW?EER, E. ]t. aod B{J rrNG' A. H. 1942' Th' 
'nanuridl 

voltc
of satmec siudscs, Aunual Summir Meetilg, July Oth and r0tb' 1042'

i f""tlse*.!" er.if. ta-zs.

The historv of itrvestigatioDs itrto the agricultural use o' sewage-4ld

".*."J "ii-aiJ 
i" ""*-iri. d in relatioa to mAero views oo the Part of loil

"rsa;c oafter aDd plant Ioods in the maintotrttrce ot soil terE[ty' - roe
il""li.iJ"r-6o ot "i..""t se.r"g" sludges are descriH' The -res-urts or

irr.tiaiirarl pot aBd {ield exPerimetrts otr rePrdeotative seu'age 3ludges erc
hiefly pr€seDted.

6. CRowrEER, E. M. atrd BuNrrNG, A H l94il The uatutial u.afuc

of safuga sl]adges. Part 2. Pres€oted at Atrtrual GeDeral MeeEqS'

iriii.ii- l".u'tot", Birmiogtram. oth and 7th Deceober' lM4
J. Inst. Sewage Pudf., 4&52

A review of the results of receDt fietd and Pot exPerimeDts oD.differcnt
unai of sewage studge, sith analltical data lor the average cher cat com-
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lrcsitioos of se{,age sludges groupd according to the priacipal processes
trsed at the sewage works. Although soEe sewage sludges supplid cotr-
siderable amouDts ol readily avaitable nitrogen and phosphate, a few othels
Tere sitrgElarty inactrve in field experifients on potato€s. Digested sewege
sludges have lrot only better pbysical properties but supply more 4lailable
tritrogea thaD raw sludges. Sheddried sludges hold out cotrsiderabte proEise,
esp€cialy where they caa be prepared from sewaSe without uDduly high
coDte ts ol heavl, metals atrd other industrial wa-stes.

' 7. RussELL, E. J. 4nd G^RNER, II. V. 1941. Rolhanskd .r?.rir&.nk
or. thc motuting oJ Polaroes. Emp. J.Exp. Agric.,9, PartI: 105-215.
Parts II aBd III: 217-235.

The results of experiEents carried out at Rothamsted and its outside
ceEtres ftoE 192l-1940 are discussed. Sulphate of ammo[ia was usually
very effective on a wide range o{ soils. The me:ul increase was at the rate
of 0. 92 tons of potatoes lor 0.25 c]r-t. oI N per acre. Nitrogen gave practicaly
the saEe increas,e ilr the presence as io the abscnce of dung, aod the nikogen
req)orEe was usually greater in the presetrce of phosphate aad also itr the
Preserrce of potash. Nooe of the other sources of trilrogeD iocluded io the
experimedts, calcium cy.namide, ammonium bicarbotrate, ammonium
chloride was as elrective as sulphate of arnmotria. Superphosphatc \r?s less
consistetrt io its actiotr tbaD sDlphate of ammonia, the increases ranging
from 0'4 to l'9 toDs for 0.5 cwt. oI PrO! pcr acre accordint to soil t,?e. It
did best on the fedlaud soils atrd the heavier tlpe oI mineral soils. The pho6-
phate responses iri presence of dutrg were o, the ayerage little more thaD balf
tho6e observed in the absetrce of duat. Galsa phosphate was ioeffective or
potato€.s at Rothamsted.

Potash responses depended on the state olertility oI t]1e soils, rich well-
Iarmed soils tiving high basal yields aod lovr respotrses to potash, poor soils
Siving a-s a rule handsome reqrcnses. Ligbt feDland soils, aod the heaty
lo4Ilr at RotlErnst€d were hishly responsive to potash dressitrBs. Dutlg
reduced the potash responses by approxinrately 8O per cent.

Magtresium sulphate was ine{Iective at practica[y all centres at which
rt was lried. Chlorid€, applied as aDmoduA, sodium or pota.$siuro chtoride
had a sligbt atrd ratlrer coosisteBt depressing erfect oD yield amouating oo the
average to a loss o[ 6 c*t. of potatoes per I cwt. of Cl supplied iD the matrure.

Farmyard oadute atrd pota.ssic fertilisers markedlv increas€d the pen-
aeEtate ol sal€able tubers.

8. CRo\D'iEEn, E. M. and GArNaR, H. \-. 1940. Poraslr and ?otath
sltbstitlt.s fo, Wdr brrr. Sutar Beet Rev., 13, 24&250.

A summary oI tle results oI pre-\['ar field experimeots itr which promising
results had been obtained from agricultural salt.

0. CRowrIrEi, E. M. t943. Wo h ils a?ight in s*gal. Farmers $'eekly,
18r No. 16, 29.

A sumDary oI the r€5ults of field expedEetrts over s€veral s€asons in
each sutar beet la.ctory area oI Greet Britaio i[ which it was tound that
agricultural salt at ttre rat€ o, 5 crt. p€r aErE gave oo lle average about its
oetr weiSht of additioBl sugar. This exlra crop is obtained without any
incrcased diaiD on the pota-sh reserves of the soil. Tbe itrcrcas€d crops give[
by salt cotrtaia oo Eore potassiuD but much more sodium tlaa tbos€ gmrtr
without salt. Sugar bcet atrd mangolds are amoog the few culti!..ted crope
tor which sodiuE is a true plant food.

6r7rars. Agriculture, 52, 170-17A.

The average results ol 46 trials by Tecbnical DevelopEent Sub-Com-
Eitt €5 dudtrg- 1043 aad l9{4 sbowed tiat fl cwt. superplioephate p€r acre
&iUed wittr tie s€ed I-as as elfective a,s 3 cwt. broadcast.

ll. HAINES, W. B. atrd CRowrBER, E. M. 1040. .Vanuing Hcucz. lll.
Rasl/lls on yorng bddiqs in Birish MdhJd. Emp. J. Exp. -{gric.,
8, 170-184.

The results of lourteetr manuritrg experimetrts with youtrg budded rubber
laid dosn itr 1934 on the Duntop rubber estates rn llalaya are describ€d.

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-87 pp 16

64

The er.F irucrts tcsted sulphate oI ammo a, mineral phosphste atrd Duriatc
ot potaeh each at three levels ia a 3 x 3 x 3 desigtr, with irdividml plots ol
3 cxperiEetrtal rows hal{ a mile lotrg reith a pair of siEilarly keated guerd
rows. Eact s€t o{ five fertilis€d plots w-as separatd from the next s€t by
aD utrEraaEted row. The set of cxperiments occupied 1,260 acres. exclusive
o{ Buard ross.

PbGphate proved to be the outstatrding stimulatrt o( grosth, earlier
maturity to the extent of betwe€n 6 months and 2 years beiat g.itrcd rherc
the matruring \rat started early itr the ti{e of the trees. Nikogen gave much
snraller eff€cts, atrd potash trormally teve nothi,lg measurable. Interactions
between lertilis€rs were oot oI great importence. The yields of latex p€r
tree ia early tapping years gave very small diflerenccs itr comparisoo with tie
great influeace oI phosphate otr vitour alld giolfth as shown in the numbcr
oi trees fit ,or tappiog.

SOIL PHOSPHATES
l:1. \AGELscEMrDr, G- and NtxoN, 1I. L. 194,{. Foltratior oI afdti.

from suP.Qtosphatc ir ,ir soir. Nature, 15.4, 428.
Chalk ftagme(ts ,!om Broadbatk plots which had rec€ived sup€rphosphate

,or a cetrtury cotrtai! up to 3 per cetrt. Prot. X-ray dirtraction data belore
aad alter heatiqg suggest that the phosphorus is presetrt as apatrte.
Examitratiotr oI old soil samples showed that both phosphorus and fluoritre
contetrts increased steadily r{ith time, at lirst slowly when the superphosphate
\x-as Dade from bone ash, atrd much more.apidly sitce 1888 \rhetr the supcr-
phosphate has been made Irom mineral phosphate, relatively rich in fluorine.

GH^N[, M, O. l l. Frc.rionarion oJ ?Los?horic acid ir. otgdric
4n{r.s. lndial J. Atric. Sci., ll, 95+058.

The distiibution oI the pritrcipal lorms o{ phGphorus coiupourds w€f,e
deterditred itr poultry manure, Iarmyard Eanure and stray co6post. prc-
pared by the Adco process. A large part o{ the phosphorus in Ircoltry Datrlrr.
rras presetrt as phytin, but three{uarters of the total in Lrmyerd Ealurc
was inorgadc, mostly itr an easily soluble form. Classic4l plotg at RothaEstcd
end Wobum gave high values lor both acetic acid-soluble atrd orgeaic
phosphorus u,here farmyard manure had been applied repeatedly.

14. GE^Nr, M. O. l9{2. D.l.rrnination of orydnic ptosphorts i,. dlhala
.rhdcts oI soils. lodian J. Agric. Sci., 12. 33e330.

Ia colorimebic determinatioqs oI inorgaDic aDd ortatric phosphorus itr
alkali extracts oI soils, oxidatiotr of orBaoic matter by bromine at lOO" bEals
down a part of the organic phosphorus compoulds, but oxidation at room
temperature does not.

l5- GH^N[, M. O. 1943. Floctionation oJ soil ?hosphotus. I. Mc,hod
oI ertra.lion. Itrdiaa J. Agric. Sci., 13, 29-45-

Earlier work by L. -{. Deatr (J. Agric. fti. f938,2Er 23{) otr extractitr8
phGphorus by successive teatmerts with a weak acid, atr alkali and a strong
acid rras critically examined atrd extetrded. N/2 acetic acid c,as used for the
preliminary removal of exchaDgeable bases aod as a solvent Ior readily
soluble phospborus. Sodium hydroxide extracted rDore pho6phorus tllao
sodium carboiate at equir.alent concentlations. Alkali extraction at IOO'
dissolved more phosphorus thau at 20' o, 40' but_or8adc phosphorus com-
poulds were partry decomposed. Several extractions were necessary to
dissolve the vbole oI the soluble phosphorus at rooE temperature, and a
suitable porous candle filtering appaEtus was therefore devised for repeat€d
extr&tions. 2N sulphuric acid after the alkali treatmetrt \r?s suSgested Ior
removing the epatite trabtioD. See also Part II. Chcmical nartrc of th.
phosPhon s fract;ons by M. O. GE^NI Atrd S. A. ALEE\(, 1913, ibid, 13, 112-117 .

18. GE^Ni, M. O. 194,1. F/artionation of soil ?hosptorus. III. Thc
oryaric phosPhorus frat iorr. Iadiatr J. -A.gric. Sci.. 11,261-267.

Atr alkali extr.ction Bethod atrd an ignitiol E€thod fot determiEiDt
orgaaic phosphoms gave lairly coocordant results, except io teo soils. With
suitable Eodilications to meet the special cooditioDs o{ these soils the two
methods gave comparable results. The hydrogetr peroxide Bethod for
determioilg orgadc phoEphorus was found to have serious timibtioEs.
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17. GB^ r. M. O. 1943. Tk *tc of 8-bdrozl0bit olinc as d n?ans ol
broching acrioe iron aail aht niniLrn ii li. d.l?rrliniliott oI auailabl.
phospharic acid of soils by dihare acid c rdctiots. Irdian J. Agric. Sci.,
13,584-685,

8-bydroxyquiooline r*as used to deactivate free sesquioxides duriog acid
extractioa of soils. lt prevented refixation oI phosphorus dissolved by acetic
acid from a mixture oI basic iror phosphate atrd mitreBl phosphate, aqd
iocreesed the amouqt o, phosphorrs extracted by acetic acid, especially
from acid lateritic soils.

MINERALOGY OF SOIL COLLOIDS

18. R-rycBAUDnuRr, S. P. 1941. StuAics of lhe Uhlsico-cherniMl prcperties
oI associateil bla.h and r.d soils of Nyasoland Prote.k ale. hdian l.

Asric. Sci., ll, l0O-109.
Detailed physico-chemical studies vere made on a twical pair of closel)'

adjacetrt red and black soil profiles f.om Domira Bay. N,'asaland. The
silica-alumitra and silica-s€squioxides itr the clay fractions were ooly slightly
los'er in the red soils. The free sesquioxides by Truog's metiod were higher
in the clay fractions from the red soils. The black soils had otrly a little
more total carbon but appreciably higher C/N ratios than the ted soils at
similar deptls. The black soils had much higher exchatrgeable bases, buffer
capacities, moisture equilalellts atrd imbibitional Eoistur€ capacities than the
,€d soils, althouth the two t)?es had nea,rly the same clay coBteots.

19. NAGBLSCHMTDT, G. 1039. Th. idenrilication of ,ninenls in soil
co <rias. l. Agric. Sci., 29, 477-501.

X-ray, optical, dehydratio! ard chemical methods ia use for the ideqtifi-
catioo of Eioerals ia soil colloids are d.ifaussed with special .egard to their
limitatiotrs. Th6e are maiqly due to uncerta[tie about the %riation oI
physical properties oI staodard minerals witi decrea8i.Eg Braia size etrd the
posgible existeoce and importatrce of amorphous m4terial. The aggregate
Eettrod in X-r.y aDa\sis; which is specially iolrcrtaat {or soit colloids, is
dcscribed. l'arioos techniqu€s tor dehydratioo and optical analysis are
disdrss€d, atrd it is coocluded that they are uselul ooly wheD used io com-
bioatiotr with X-ray data. The adv_.nbges o{ combiDiog i"arious chemical
Dethods with X-ray alalysis are poitrted out.

Standard data are givel for a mmber ol tuiaeralg, aod the evidetrce for
their occurteqce in soil calloids is review€d. These Edtrerals are quar:tz,
cdstobqlite, orides and hydroxides of irctr aDd alumidum. mioeralg of the
kaolinite, moDtmorilo te aad mica 8mups.

20. NAGELSCHMTDT, G. 1044. Thc rnin.ralogy ol soil rorrotds. Imp. Bur-
Soil Sci. Tech. Commuo., 42, pp. 43.

.{ critical revier oI the literature with bibliogaPby.

21. iiAGELscHMrDr, G., I)Esar, A. D. and MurR, A. 194). Thc ninenls
in thc clay Jractiots of a Uach cotllrt soi, atul d?ed carlh lrort Hydelabdd,
Deccan Stzte, India. J. AgIic. Sci., 30' 63&653.

The mitrer.l compo6itioDs ol the cl,ays from a red earth atrd a bl,ack cottotr
soil trom Hyderabad, Deccaq Stata. India, occurritrg il clce Pmximity itr
the 6eld arc deterdincd- Both soils are derived ftoE the same or trom ver.v
siEilar pareot rocls, a coers€ly crystaline 8raflite or SDeiss.

For boti soits tbere is practicaly Eo vadatiotr in the mineralogicat com-
Ir6itiotr oI the cl,ay ttrrouChout the prolile, but {or atry 8ivetr clay t-here is
some !.ariatioo witi graio size. The maitr c.ntr&st t,ett eell the two is that
the r€d ctay cotrtains predoEinatrtly kaoliD.ite or halloysite whereas the
black cLay coateils Daidy beidellite, a toeEbet of the motrtoorillotrite group.
The topography al4rears to b€ the principal fact r associated with this
differeuce io Einerils, ad the process€s oI wetheritrS believed to have
prcduced the contiasted clars are discuss€d witl1 refereoce to exPerideqts oo
thel eachitrt of felspar in the laboratory aod otr hydrothermal synth€b.

2. NAGELscElarDr, G- 1941. Th. iadilication oI clay fiircrals by
,iars oI ag|regat. X-n| dilftattion didgn ns. J. Srci. lust., lt, l(xFlol.
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23, NAGaLscExrDr, G. 194,r. X-raf diffro.aioa .rbc"i .nk o* illi* 6d
brqtoicit . Mi\,. Mag., 27, 6&61.

Oac aaEple ol illite and a Iresh glauconite sho*ed tro chante itr basal
spechg oD saturatiotr witb calciuE. Two illitee tom llli-oois showed a sE ll
but distirct br@dedng ot the belal rellectiotr toya.als lar8er sFciots oD
laturatiotr vith calcitrE. A]t]oE8h fite may be assum€d to have a basal
spdcing ot l0 A, there rlay be htef,roediate prcducts oI l,€athcdng in which
lO alrd 16 A packets are itrterstratified itr !'arious \rays.

IfINER,{LOGY OF AIR-BORIiE DUSTS AND COAIS
2.i- NAGELscEurDr. G. and KING, E. J. 194f. Tk biarchcrnin t oI

sitaci, acid. 9, Isolotion and id.ntifcatior of nancrals in k ng ,.sifu.s
orrat air4orn. &as.s frorn coal ntincs. BiocheE. J., 35, f62-f58.

t6. NAGBLSCEUTDT, G. and HrcKs, D. 1043. f& ,ni.a of c2rlai, .tu1-
,r2a.*tc shal.s ir Sot th Walcs. ftin. Ma9., 26, 297-:!03,

2G. N^cELscEr.tDr, G. atrd HrcRs, D. 1943. X-rdl dillrdtrion t?clrniqu.
for thc idcttr;ficalion of nor.-coal nin.rols in coar. Paoceedings of a
Coalctrence on tlre ultra-fine structure of co€.ls atrd cok6, B.C.U.R.A
IrEdoB, June 1943.

27- NAcBLscExrDr. G. 1943. Chrontc palnonary disc&s. in So'Ilt
lyatcs coalrr.incrs. II. Environ nental stttil;.s. D- Tk .arrrposilior.
oI uE air-born iltsls at th. coal-Ja<e tfi ccrrain mi*.s. Special Reporl
Series No. 244 (}ledical Res.arch Coflncil) published by H.M.
StatioBerf OEce, 9i124.

28. HlcKs, D. ard NAGELSCHMTDT, G. 1943. Chroni pdao;ary distzst
i South Wal.s codmiicts. II. Efiri/oimcntal stut ias. F. Th.
chcrticdl anil X-ray dillroclion analyis of lhe ,oof crut dd of sori.
Sotalh Wal.s s.arrrs, dnd of lhc m;ncral rndttcr in ri, coar. Sp€cial Report
Series No. 24,1 (Medical R€s€arch Couocil) published by H.M.
Statiorery Omc., 159186.

29 HrcKs. D. aad NacELscHMrDr, G. lW'J. Chronic pdmotzry dkcasc
ii So'/rh Wal.s coalrnincrs. Appendix IL Th. co ?osi ion oJ hc A/s,
ar lhc n n-of-rniflc coar. Special Report Series No. 244 (Medital Research
Courcil) published by }I.M. StatioEer,' Office, 218-292.

m. KrNc, E. J. and NacELscHMrDa, G. lMi. Chroni. fi.lflorqy disaasc
in Sor.lh Walas coalrrrin rs. III. Ezpctimcald studics. B. Th.
t tii.idl contcn, oJ ltu luttgs of uorh.rs frora llv Sot lh Walcs .idJiab.
Sp€cial Report Series, No. 250. Chrotric hrlEoDary Diseas€s in South
Wales C,oalmioets, Part III (Medical Research Council), published by
Ir.M. Statiodery Ofrce, l-20.

GENERAL
tl. OLDERSEAv, A. W. and G^RNER" II. V. 1042. Tunshg .Fpaiments

tlJi,rh carbor.alc of liri.. Agriculture, 49, 37-39.
A su8mary of the lirst l0 yeals' tesults oa a replicated experiBent otr

ttre acid soil (pH 4 -0) et Tustall, Suffolk, shoyi[g tie exheustiotr of ground
chall applied at 4 tevels iB 1932. Excellent yietrds rere obtaited, but defirit.
deterioratioo of the plob receivitrg only I ton of carbonate pcr acre sere
appa,rclt towards the end oI ttre period.

31. OLDERSEAI', A. W. and GaBNBR, H. V. 1544. Lieht land .t?.'li-
tttttts at Ttnstall, Srrror*. J.R.A.S.E., l05r 9&rr4.

Ar accoutrt of thc Tunstall experiEetrts siacc their coEDcDccEent ir
1025. The t€$ ts ilclude replicatc cxperiments oa potatocs and carlot.r,
tcstiot duEg atrd its itrteractions vith mineral lertilisers.

33. GABNER, H. V. 1911, T^o ttal-liric n dru."ing oJ ssgdr b.ct. F*fras
Wcekly, AEgust 1044.

t4- GARNER, I{. V. 1943. Ttc ?/dt ctiot of ali*g b.rl.t. l, lff,orp.
BreEers Guild, NoveEbcr 1043.
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30.

37.

6,

35. G^RNER, H. V. f9$. Sta com?osting- Farmer & Stockbrc€der,
December 1943-

GARNER, If. y. 1941. Ag/icvltl1la, salr. Agriculture, 48, 183-186.

NoRxAN, A. G. 1939. The cornlosirion of foragc croPs. IIf. Cochs-
Joot, Chalgcs in the herbage d.tling {outh, luith and uirhott afulitions
of ,.itrogenous ferriliscr. BiocherE. J.. 33, 1201-1208.

CRowasBi, E. M. aod WtrL, J. W. 1939. Re?otl otL rhe d*alyses of
barteys tdhed for thc Rolhamsted. ConJerences ol 1536, 1936 arul 1931
J. Inst. Brewing,45, No. 12.

39. BuNrrNc, A. H. 1945. Seftr.tgz sh.dge arld lhe,nalhet gald.ener. AgIi-
culture,52, 123-126.

A geD.eral discussion oI modern sewage sludges, their Eaquria.l value al1d
use ia composting straw.

{0. CRowrEER, E. II. lll45. Russians ouerLotne lule frosls in Poldroes.
Farmer & Stockbreeder, Jul] 17, 1129.

Itr ao account of recent Russian developme[ts ir aSricultural scieace,
metrtion was Eade oI methods of overcomint late frost damage to potatoes itr
tie extrenie trorth by plantiq in wide hightdges a6oss the-direcion ol the
whds prea.ailing itr the dangerous period of August and September-

41. CRowrrrER, E. I{. 1945. Agtoohemistry, Nature, 156,227-
A rel,iew of some of the outstatrdioS achievemeDts of Russiatr agricBltural

chemistr,v, as demonstrated during the celebratiotrs oI the 22oth Anrdye$ary
o, the Acadeny of Scietrces ol I'.S.S.R. itr Jutre. 1945.

,12. CRowrEER, E. M. 1945. M*.h, nlagic 4nd cornPosls. Farmer & Stock-
breeder, 59, 1960.

A review of Sir Alb€rt Horrard's " Farmilg and Gardenitrg for Ilealth
aad Disease."

13. CRowrEER, E. M. 1941. 6 eut. of salr: 5 cut. .rtla srgar. Farmer &
Stockbreeder, 55, 62(,.
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