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CHEMISTRY DEPARTMENT
G. W. Cooxr

G. H. Owen lelt in January to take a post at the University
College of North Wales. T. Z. Nowakowski joined the stafi in
April, M. St. J. Foale in May and Miss Marie Blakemore in August,

J. M. Bremner retumed alter a year in the U.S.A. on a Rocke-
feller Foundation Fellowship. A. C, D. Nerrynan went to Russia in
July, where he will spend a year working mainly at the University
of Moscow under an exchange scheme organized by tbe Russian
Ministry of Agriculture, the British Council and the Agricultural
Research Council. His place has been taken by Dr. B. P. Pleshkov
of the Timiry?zev Agricultural Academy, Moscow. B. Benzian and
J. K. R. Gasser attended a meeting of Commissions II and IV of the
International Society of Soil Science in Hamburg in August. F. V.
Widdowson studied field-experiment techniques and results at
experimental stations in Denmark, Sweden and Norway. G. W.
Cooke attended the Third Congress of the Association Internationale
d'Etudes Phosphatidres at Biarritz in October and gave two papers.

P. W. W. Dabom of the Forestry Commission returned to the
Commission's Research Station in August. J. W. O. Jefiery of the
Colonial Research Sergice left in November for Sierra Leone after
receiving training during the year in field experimentation and soil
fertility work. D. P. H. Tucker joined the department in October
for similar training. B. O. E. Amon (Nigeria), P. Arambarri (Spain),
H. H. Bluejack (Nigeria), S. N. Chakravarti (India), M. Kushizaki
(J.pan), J. Rodriguez (Spain), M. Salomon (U.S.A.) and Miss A.
Stojkovska (Yugoslar.ia) all worked in the department during the
year,

K. Shaw, now of the National Agricultural Advisory Sewice,
obtained the Ph.D. Degree of London University for work carried
out in the department.

SorL ORGANTC MATTER

Organic matter binds soil particles together and increases aera-
tion, drainage, root range and water-holding capacity. Some of
these important eflects are not easily achieved in other ways.
The practicat value of increasing the supply of organic matter in a
soil is difficult to define because the physical efiects oI improved
soil condition on plant growth depend on the t5rpe oI soil, the
season and the kind of crop; in addition, the changes in nutrient
supply, which are linked to changes in organic matter, themselves
affect crop growth, and it is rarely possible to separate and measure
physical efiects alone. Organic matter may be increased by apply-
ing organic manures or w.lste materials; as these also supply plant
nutrients, organic manuring increases both the physical and chemi-
cal sides of soi.t fertility. Soil organic matter is also iacreased by
growing grass continuously, but when the grass is cut and carried
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away so many plant nutrients are removed that chemical Iertility is
depleted dthough organic matter resewes, arld soil condition, may
be- improved by the grass. Some of the factors that affect the
balanci betweea additions and losses of organic matter are being
investigated together with the changes in plant nutrient supplies
that are involved.

Changes caused by leys and by arable cropping

Organic matter accumulates in soils under temporary or per-
manent grass and decreases when land is ploughed from grass Ior
arable cropping. Changes of this kind are being measured ir the
soils oI the ley-arable experiments on Highfield arld Fosters Field
at Rothamsted. The two fields provide an interesting contrast, as
High6eld was ploughed from very old pasture when the experiment
was started whereas Fosters had long been in arable cropping.
Both experiments test 3-year rotations, a 3-year ley as treatment
phase being followed by 3 years o{ arable test crops (wheat, potatoes
and barley). Table I gives the organic carbon determined after
one 6-year cycle, the losses from cropping (relative to the organic
matter status under permanent grass on llighfeld) and the gains
from leys (relative to the organic matter level under permanent
arable cropping on Fosters).

TABLE I
Amounts oJ organic carbon bt the soils of ,he Rothamsted

ley-ar able exp erimants

(tr{easurements refer to the surface 12 itrches oI soil)

Highneld fosters Field

Irss (rela-
tive to

permanent
Carbon, grass). Carbon,

/o /o /o

0.20 r.68
o.48 1.42

0.47 1.56
0.89 1.60
0.44 r.64

Gain
(relative

to arable),

,:a

0.14
0.18
o.22

Codir.uot s trectmenl tith
Permanent Brass
Reseeded Srass ... ...
.{Il-arable rotatiotr

Ley arable /oraJioh, 3 yeats
arable c/o?s allil

3 years of Iuceme
3 years o( grazed ley ...
3 yeals oJ cut Srass

3.02
2.71

2.83
2.74

On Highfield about one-seventh of the organic carbon present
when the land was ploughed from grass v'as lost during 6 years of
arable cropping; on this highly organic soil the rate of loss was
much the same when 3 of the 6 years of arable crops were replaced
by lucerne or by a grass-clover ley. At the lower level of organic
matter on Fosters Field the introduction of three years of le1'
increased the carbon content by 10-15 per cent. Reseeded grass,
grown for the whole of the 6-year period on Fosters, increased the
original carbon content of the soil by nearly one-fifth. The results
illustrate both the rapid loss in organic matter when grassland is
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ploughed for arable cropping and the slow increase when old arableIlld is so$Tr to grass or is cropped with a rotation including a ley.
(d'Arifat and Warren.)

On light soils continuous amble farming may decrease organic-
matter levels so much that some crops do not succeed for reasons
not clearlv understood. On parts of the headland of Stackvard
Fietd (Series C) at Wobum cereals grow very poorly. The iand
contains little organic matter and in 1958 the mineral nitrogen
level in the soi-l determined the amount of growth made by barliy;
soil acidity also directly or indirectly affected growth, though muih
less. Some other factor or factors may be involved, and investiga-
tions will be continued in 1959. (Warren and Johnston.)

Changes cdused by ploughing in straw
The changes in soil organic matter levels caused by ploughing in

straw were measured in the Three-Course Rotation Experiment at
Rothamsted. Dressings of straw ploughed-in at the rate of 53
cwt./acre every second year (and also compost made hom the same
amount of straw) increased the soil organic carbon level by 0.1 per
cent and soil nitrogen by 0.005 per cent over 18 years. There was
also a small increase in the value for " mineralizable '' nitrogen on
the plots that had had straw or compost. These changes in olganic
matter are inseparable from the changes in the potassium status of
the sofu caused by the straw. Values for K soluble in dilute acetic
or hydrochloric acids were increased by I to I.5 mg- K/I00 g. of
soil on plots that received compost or straw. (d'AriIat, Johnston
and Warren.)

Forms oJ organic mafret in soils
On land where arable crops have been grolrn continuously for

Iong periods without adding organic manures, soil organic matter
generally decomposes to release inorganic nitrogen at a slow but
relatively constant rate. In contrast, recent additions oI organic
matter decompose rapidly and release nitrogen much more quickly.
This behaviour complicates attempts to forecast the value o{ soil
dtrogen reserves Ior crops. There is at present no chemical way
oI distinguishing between the " old " and " new " forms oI soil
orgarfc matter, and an attempt is now being made to follow the
changes when plant remains decay in soil. Ryegrass uniformty
labelled with r{C was grown from seed in a specially-corstructed
growth chamber and methods of Iollowing its decomposition in soil
are being developed. (Jenkinson.)

Nnnocex n Sors
Fired, ammo um

Work on ammonium fuxation in soil showed ttrat much am-
monia-N is taken up by soil organic matter when soils are treated
with NH, gas. Treating such ammoniated soils with N-HF : N-HCI
releases more ammonium-N than do€s treatment with.lV-KCl. The
N HF : N-HCI method ol determining clay-fixed ammonium in
soil previously described (Rep. Rothamst. ex!, Sta. Jor 1957) shottld
be modified for use with soils that have received nitrogen as
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ammonia gas or ammonium hydroxide by including a Pre-treatment
with hot N-KOH to eliminate interference by ammonia-N fixed by
soil organic matter. Other investigations made in collaboration with
workers at Iowa State CoUege and at the University of IUinois show
that methotls oI determining da]-fixed ammonium in soil based on
the use of cation exchange resins or of fine grinding are unlikely to
be useful. (Bremner.)

The efect oJ low-temperatule stalsge ofl intrganic nibogett itt soil

When freshly taken samples of moist soil are stored at ordinary
temperatures, their contents of inorganic nitrogen change, and any
labolatory measurements of ammonium and nitrate must be done
immediately. The effects of storage at temPeratures near to, and
below, freezing point, were therefore studied. Inorganic-N con-
tents of a series of soils were doubled during 28 da,s storage at 2'.
Altemate freezing (-10") and thawing (2') during 32 days, such
as is necessary during repeated sampling ol frozen soil samples, also
greatly increased inorganic nitrogen. Both these Pre-treatments
ilso affected the amounts of irorganic-N released when the soils
were incubated at 25" for 2l days. Continuous storage at - 10" for
32 days had no efiect on the inorganic-N contents of the soils or on
their behaviour when incubated. Freezing the moist soils was also
a good way of cond.itioning them for sieving and sub-sampling.
(Gasser.)

Changes in irorgaric nitrogen letels in soil
In an experiment on wheat a part o{ each plot was uncropped

and inorganic-N levels were followed both under the crop and in
adjoining bare soil. Nitrate fertilizer applied in October was lost
from the upper 6 inches of uncropped soil by mid-January, but
where ammonium fertilizer was applied some was still retained in
the top-soil. The amounts of inorganic-N in the surface soil of alt
the plots which had received their nitrogen in autumn (either as
a.mmonium or as nitrate) were the same as the amountsin unfertilized
plots from March onwards. Nitrogen fertilizers suppllng l0O lb.
N/acre and applied in mid-March r.r-ere taken up rapidly by the
wheat. By June, three-quarters of the N supplied by ammonium
sulphate had been removed, and five-sixths of a dressing of calcium
nitrate. On uncropped plots the nitrogen fertilizers applied in
March persisted through most of the season, but by September all
of the calcium dtrate had been lost from the surface soil and only
one-sixth of the inorganic-N from ammonium sulphate dressings
rema.ined.

In a field experiment on uncropped land, increasing the amount
of cultivation did not increase the amounts of inorganic-N in the
surface soil.

A few plots of the Broadbalk \\'heat Experiment were sampled
at intervals through one season, and the amouats of nitrate in the
surface soil were determined to provide information relevant to the
work at other centres. On the section of Broadbalk fallowed all
summer, the soil on the plot that receives farmyard manure each
year contained r14 p.p.m. NOB-N h September; on plots receiving
no manuring or inorganic fertilizers only, the levels were 10-15

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-1-91 pp 6

45

p.p.m. NO3-N. \l'here wheat had been growa the levels were only
5 p.p.m. on the farmyard manure plot, and l-2 p.p.m. NO,-N on
thi!;ther plots. The nitrate content of the fallowed section fell
steadilv dririns autumn: nitrate levels in the sections which had
carried wheat rose for a time during October through cultivating
and ploughing the stubble. By November tbe nitrate levels of
plots-in sections that had carried wheat were the same as those of
iorresponding fallowed plots. On plot 15, which received 83 lb./acre
of N as ammonium sulphate in autumr, the whole of this dressing
bad been lost from the surface 6 inches by March. Nitrogen fer-
tilizers applied to other plots in March temPorarily increased in-
organic-N levels, but all the added N (83 lb./acre) had gone from the
surface soil by mid-June. (Gasser.)

M ineralizable-N in soils

Investigations designed to correlate the " mineralizable-N "
(measured by incubating soils) vrith the responses of crops to N
fertilizers in field and pot experiments have been continued. (Gas-
ser and Close.) The mineraluable-N values of air-dried soils stored
for 6 months exceed those obtained when the soils are incubated
immediately after airdrying. This appears to be a general effect;
as it mav interfere urith the aDDlication of mineralizable-N values in
assessini soil nitrogen statud,'the effects of various methods and
times ofstorage are being studied. (Gasser.)

FrELD ExpERr[ENTs oN NrrRocEN Frnrrrrzrns
Cercals

Although farmers are generally advised that they should apply
all the nitrbgen fertilizer needed by autumn-sown cereals as a top-
dressing in ipring, many apply part or all of it at sowirg time; in
additio;, th;re ii little-expendental evidence on the best time of
applying spring dressings of nitrogen for modern stifi-strawed varie-
tie!.- Capale'\f,heat was sown in October 1957 in slx exPeriments
which t;ted seedbed tlressings of ammonium sulphate (supplying
0.6 and 1.2 ctt. N/acre) against equivalent top-dressings applied
either in mid-March br in mid-May. Also, divided dressings, applied
either at two, or at all three of the dates of manuring, were compared
with single dressings. At hawest three of the experiments were
standins-and the other three were severely lodged. At the 6lst
three ce-ntres March dressings produced the highest average increases
in vield. and Mav dressings the lowest; autumr applications were
intirmediate. Oiviaa aressings gave lower lelds than single
dressings apptied in March. There were large increases in feld
from ti'e fiisl dose of nitrogen at all three centres, and the e-xtra
vields eiven by the second increment were profitable at two of the
ihree cintres. 

-At 
the otber three centres lodging decreased average

vields: March dressings gave the lowest, and May dressings the
Lighest, mean increaseis. 

-March dressings caused severe lodging,
Miy dressings slight lodging and autumn dressings had an i'nter-
mediate effect.

Work on combinedrilling lertilizers with barley seed was con-
tinued in 195? and 1958 to examine the possible risks of applying
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the whole o{ the nitrogen needed lor a full crop through a combine-
drill, and to see whether benefits from drilling as compared with
broadcasting were maintained when heavier rates of manuring were
used. In 1957 the barley was sown on batlly prepared seedbeds,
and a spell of dry weather {ollowed. Under these conditions &illing
a heavy dressing of ammonium sulphate (0.9 cwt. N/acre) delayed
emergence by 7-10 days, 0.6 cwt. N/acre gave a slight check and
0.3 cwt. N/acre was not harmlul. In 1957 drilling gave higher
yields than broadcasting at the low and medium levels of manuring,
but was inferior to broadcasting at the highest rate. There was no
check to growth in the moister and better-prepared seedbeds used
in 1958, and drilling ammonium sulphate gave more barley grain
tharr broadcasting at each level of manuring. Drilling adequate
quantities of nitrogen vrith the seed ol spring cereals does not seem
to be dangerous, and higher yields will usually be obtained from
tlressings applied in this way.

The amounts of potassium fertilizers usually recommended for
barley are based on pre-war experiments v/ith older varieties aud
much smaller dressings of nitrogen than are justified now that new
stifi-skawed varieties are grown. Four barley experiments were
laid down in 1958 on potassiumdeficient soils to measure the efiects
of potassium dressings used with medium and high rates o{ nitrogen.
Yields were decreased in two experiments by the high rate o{ nitrogen
(0.8 cwt. N/acre), as the crops were severely lodged, and at these
centres potassium fertitizer had little effect. In the other two ex-
periments there were responses both to nitrogen and to potassium
and 0.9 cwt. K2O,/acre gave higher yields than 0.45 cwt. Kp/acre.
(Widdowson and Penny.)

Forms of nitrogen Jor kale

One experiment on kale compared seedbed dressings of ammo-
nium sulphate, calcium nitrate and urea supplying 1.0 and 2.0 cwt.
N/acre. Seedbed dressings of calcium nitrate and urea both de-
creased plant establishment considerably, and urea more than calcium
nitrdte, but at harvest both these fertilizers gave higher yields than
ammonium sulphate. The crop responded well to nitrogen fer-
tilizers, and yields were increased five times by the heary dressings;
nitrogen applied partly to the seedbed and partly in mid-seasoa
gave slightly higher lelds than dressings applied wholly to the
seedbed. (Widdowson and Penny.)

Grass

Pure stands of four kincls of gra-ss (perennial ryegrass (S.24),
timothy (Scotia), cocksfoot (S.3?) and meadow fescue (S.2I5)) were
established in spring 1958 to measure the responses of the individual
species to three levels of nitrogen. The grasses were cut at silage
stage. Unmanured yielcls of the four species were similar; at the
two cuttints taken in 1958 cocksloot gave the largest responses.

Another experiment was laid dornn with newly sown S.22 Italian
ryegrass to measure the response to several levels of nitrogen fer-
tilizer in the presence and absence of potassium dressings. Three
cuts produced a total yield of about 4 tons/acre of dry matter on
heavily manured plots; 0.3, 0.6 and 0.9 cwt. N/acre were applied
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belore each cut, and there were good responses for each additional
dose, There were no responses in 1958 to potassium fertilizer at
any of the levels of nitrogen given.

Attempts to obtain a slowly acting nitrogen Iertilizer for grass
have been continued. A comrnercially produced batch oI urea-
formaldehyde (" Urea-form ") was applied as a single dressing and
compared with single and with repeated dressings of " Nitro-Chalk "
supplying the sarne amount of total nitrogen in an experiment on
S.22 Italian rye$ass. At the fust cutting " Urea-form " gave a
yield sinilar to that given by only one-third as much nitrogen
applied as " Nitro-Chalk ", and afterwards " Urea-form " had little
efiect on the yield. When " Urea-form " and " Nitro-Chalk "
were both applied as a single dressing before sowing, " Nitro-Chalk "
gave consistently higher yields at the first and also at later cuttings.
It is clear that a material ol the type tested in this experiment is
not as useful for grass as inorganic fertilizers and it is very much
more exp€nsive per unit of N. (Widdowson, Penny, Williams and
Cooke.)

Ammonium sulphate, calcium nitrate, ammonium nitrate and
urea were compared in small-scale field experiments on p€rmanent
pasture and on newly sown Italian ryegrass; both swards were cut
ieveral times at silage stage, and all the fertil.izers greatly increased
the yield. The materials listed were applied at 05 and l'0 cwt.
N/acre and were compared both as solids in the ordinary way and
as solutions containing 5 per cent N. Tests were also made oI dilute
ammonia solution containing 5 per ceut N. This damaged perma-
nent grass seyerely and did not increase the yields; ammonia solu-
tion applied to the seedbed belore sowing ryegrass did not afiect
germination but Baye lower felds than the other nitrogen fertilizers.
All the fertilizers tested (except ammouia solution) gave very similar
yielils irom permanent grass, whether applied as solids or as solu-
tions. Later in the season tests were made of dressings delayed by
14 days as compared r*'ith those usually applied immetliately a{ter
taking a cut. " Late " dressings gave smaller responses than
" normal " tlressings, but the grass contained more nitrogen. In
the experiment with Italian ryegrass, calcium nitrate was signifi-
cantlv better at both levels of dressing than the other fertilizers.
Except for ammonium nitrate, all the Jertilizers gave significantly
highei yields when applied as solids than when applied in solution.
HowevLr, the difference is sma.ll, so fertilizers in solution can be
used on grassland when it is convenient to do so without much loss'
(Nowakowski and Cooke.)

Efods of ttiboger ferlilizers or tht brorganic nitrogen in grass

Produce from the experiments testing solid and liquid fertilizers
was used to investigate the efiects of nitrogen dressings on the
amounts of water-soluble ammonium and nitrate in the grass. A
sample was macerated with water, and the ammonium and nitrate
contints of the aqueous extracts were determined by the method of
Bremner and Shaw (/. agric. Sci.40 (1955), 320-328)- Measure-
ments of nitrate on both fresh and dried samples of grass were satis-
factory, but labile nitrogen compounds appeared to be decomPosed
by the magnesium oxide used in the ammonium determination:
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this cause of interlerence is being investigated. Ammonium levels
in the grass were increased by increasing rates of nitrogen manuring,
but the form of nitrogen fertilizer and the method of application hid
little efiect. The type of lertilizer and the time anil method oI
application had very large effects on the amounts of NO"-N in the
grass (Table 2). Nitrate coDtents of the grass rose to very high
levels when calcium nitrate was applied; ammonium sr:lphate gave
much lower levels and the values 

-in 
$:rss gron n with irnmoium

TABLE 2
The efects ol triboger ferlilizers on tha nitlatc-nitrog.n in glass

(All fertilizers supplied 1,0 cwt. N/acre)

NOr-N in parts per
milliol in dry matter

Time . o( --:t 
qt*-

applica- PerEaneDt Newly sown
tiotr grasslaDd ryegraig

8l 29
Form

Without N

AoEonium sulphate Solid \
Solution I
Solid I
Solution,

NorEal

Late

Solid ) .-
SolutionJ Aonual

3:11u,,"") Late

r 4811 zsl( 8001 sro

I t,1s2t 3t6
,1,309( 848

t s16\ 221
t 2,t34
r 1,124

1,409

1'
1,179

3

171
257

AmEoDiua nitrate Solid )
5;i";"" , NorDal
Solid I
SolutionJ late

C.alcium tritrate

. " Normal " applications were given iust before the rrass had beEuo to
trow, " late " dressiDgs *ere lal days alter this date.

nitrate were intermediate. When dressinss were aoolied late (i-e-
14 days after the normal dressings) nitrale levels'ri,ere s"rre.;Uv
treater, In the experiments on both permanent gra_ss ai'd newli,
sown ryegnlss the nitrate levels were higher when the fertilizeri
ygre lppli{ as -solids than when they -were given in solution.
(Nowakowski and Cooke.)

pHospEoRus rN SoILS
Phosphale in acid. soils

Soils from the plots of the Park Grass and Broadbalk Exoeri_
ments, which bad received the same manuring on each 6eld'but
difiered in pH, were used to investigate the efieit of chanees in DH
on labile phosphate values. In Broidbalk soils both the t;tal h6 ;
pool, and the phosphate concentrations in 0.02M-KCI extracts-
were lower on the more acid soils, In contrast, on park Grass the
more acid plots had larger pools of total labile soil DhosDhate and
gave higher concentrations of phosphate when extracted'y/ith KCI
solution. These differences may be related to the difierent contents
of organic matter in the two soils. (Talibudeen.)
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The equilibrium concentrations of iron, aluminium and ortho-
phosphate ions were measured in suspensions of acid soils in 0.02M-
I(Cl iolution. The ionic products of the solubility of compounds of
the t]?e (Fe3+ or A13+)(OH);HfO. were calculated for groulx of
English and Indiar soils. For sofu with pH values (in 0'02M-KCI
solution) o[ 3.G4.2 the ionic products were very similar to the
published solubility product values of synthetic preparations of
iron and aluminium phosphates having the compositions stated.
The ionic Foducts ctc'ulated in this way for the phosphates in
English soils were about 200 times greater than the average values
for the In<lian soils. The relationships between the potentials of
dihydrogen phosphate and the hytlroxide of the trivalent cation
suggest that, in soils having pH values above 5'2, adsorption com-
pliies of orthophosphate ions and the metal hydroxides are formed.
in more acid soils compounds of the composition postulated above
may exist in admixture with the hydroxides of iron and aluminium.
(Chilaavarti and Talibudeen.)' The reactions between 5 per cent suspensions (in 0'02M-KCI
solution) of several clay mherals with a dilute phosphate solution
(4 x 10.514) were studied to 6nd how phosphate in-fluences the rate
it which the minerals break dowrl and the compositions of the
products formed. For all the pH values used (3, 4 and 5), phosphate
treatments raised the aluminium concentrations in the mineral
suspensions. This effect rvas obtained with St. Austell and Merck
kao-Iinites, with \\'yoming bentonite and glaucoaite. Phosphatg
lowered the iron concentrations of the suspensions in contact with
the kaolinites, but increased the concentration when the threeJayer
minerals were used. It appears that treatment with phosphate
solution may degrade all clay mineral surfaces. The process is slo-w
with kaolinites, and at pH 3 it probably reaches a peak 3 months
after treatment begins; at higher pH values there is less total
breakdown, but it is at a maximum only a month after applying the
phosphate. With the three-layer minerals, breakdown was maxi-
hd ilter a month, at all pH values tested. A mild treatment with
phosphate for I month dissolves aluminium and irou from three-layer
inineials but with the twoJayer minerals only aluminium is removed
and the reaction is slower. " With such defadation by phospbate,
tree silica must accumulate in the system. (Chakravarti and
Talibudeen.)

Ph.osfhate in calcareous soils

An investigation of the effects of organic anions and- of tempera-
ture on the totat labile phosphate (measured by isotopic exchang-9)

has now been completed. In neutral and calcareous soils the labile
soil ohosphate is decreased bv the presence of l03M concentra-
tions'of iitrate and diethyl-baibituraie ions; onty that fraction of
the labile soil phosphate'which exchanges stroraly is affected, and
the effect is more definite with the diethyl-barbiturate ion. Citrate
ions dwap increase the amount of labi.le phosphate in solution,
and do so-greatly at concentrations above IO3M. Both ions-speed
up the pr&ess bf isotopic exchange, but citrate is more efiective
than diethvl-barbiturate.

A grou! of calcareous soils containing varying amounts o{ total
D
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phosphorus were used to investigate the effects of difierent tempera-
tures on measurements of isotopically exchangeable phosphate made
in a suspension of soil in 0.02M-KCI solution. Ail th6 quantities
measured (rate oI solution of phosphate, equilibrium concentrations,
labite phosphate and its componehts, and-also rates of isotopic ex-
change) changed regularly for all sofu as the temperature ;as in-
creased Irom 25'to 35'. When using soils with irigh phosphorus
contents these changes continued regularly up to r16d; howe-ver, in
soils containing less phosphorus there were abnormal increases in
labile phmphate, equfibrium concentration and rate of exchalse
at 45", suggesting that a new and more labile phosphate phase wis
formed at this-temFrature. Tbe new phase appearS to be issociated
with the slowly exchanging component, as iG-rate o{ exchanse in-
creases ten times between 35'and 45", which is double the dte of
change in soils oI high phosphorus status. This work is beins con-
tinued to see whether the apparent alteration in the calcium-phos-
phates is due to hydrolysis at the higher temp€rature or tA the
presence of KCl.

Other experiments on neutral soils have tested the effect on
labile phosphate of varyiag both the cations present in the exchanse
complex and also the extracting solution. - The amount of lab e
phosphate was usually afiected only slightly by varying the cation,
but sodium soils generally gave higher values. In-tw6 anomalous
soils the labile phosphate in a sodium system was much higher than
in a calcium system; this appeared to be due to the s;lution of
organic phosphate. (Arambarri and Talibudeen.)

The isotopic exchange of calcium ions in aqueous solution with
precipitated calcium carbonate was studied as a prelimarv to in-
vestigating the absorption of orthophosphate i6ns bv "calcium
carbonate. The kinetic features of th6 reaition are: '

. (i) a very fa-st exchange which is mostly complete after tr-lhour;
(ii) a slow reaction which continues indefinitely.

The former is probably tnre surlace exchange, whereas the latter mav
be due to exchange with layers deeper than the surface larro o. -.i,be the result of recrystallization. By assuming that" the mos"t
frequently occurring crystal face in tlie calcium-carbonate is the
rhombohedral_ cleavage face (microscopic exanination con_firms
this), it was calculated that there are two 

-calcium 
atoms Der 4O.2 A_2.

The speci6c surface calcuJated by using this figure is givin below:
Ca cotrcentration

io solutioD, Specifc surface,
M x 1A-. M,lc.

1.6 0.1552.1 0.t604.0 0.139

The specific surface ca.lculated from the size analvsis (determined bv
a sedimentation vetocity method) was 0.O26 m.4e. 'The difierencl
betn een the " geometric " surface and the exchair"se surface mav be
partly due t-o the shape of the particles (because t-he geometric'sur_
face is based on that of equivalent spheri=) but as thi shape factor
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is unlikelv to be as larse as 2. additional internal surfaces must be
involved.' The exchan"ge surface is, of course, the most important
quantity in studies of the adsorption oI phosphate on calcium car-
bonate. (Newman.)

" Availnble " soil Phoslhare
Most methods of andysing soils to determine phosphate are

empirical, and may Iail if the axtractant used disgolve,s phosphate
which cannot be ried Uy the crop grown' 8'P-labeUed superphos-
Dhate was added to soili, which wire then extracted with several
ionventional reagents to see whether they dissolved phosphate
unable to exchanfe with labelled superphosphate. Total exc]tange-
able phosphate (-'A") values were measured lor these soils in a
ereenhousi Dot exDeriment on ryegrass, The acid reagents used
il oer cent iitric .ila. 0'SM-acetic icid, 0'0o2N-sulphuric acid and
0.3N-hvdrocholoric acid) all gave much higher mean values {or
" availible " P (27-32 mg. P/r00 g. of soil) than the "A " values
measured in the pot expeiimint (average value 19- m8. P/I00- g-.-of

soil). An acetic 
-acid-sodium acetate buffer solution and a 0'5M-

sodium bicarbonate solution at pH 8'5 gave mean values (19 and
l? mg. P/100 g. of soil respectively) whiih were closer to the " A "
vatuei ddterminea in the irot expiriment. Acid reagents dissolve
more soil phosphate than iicontaiired in the Pool of latentphosPhate
crops can use. Two acid sandy soils derived from the Trial ga-v-e

an 
-extreme 

example of this effect; when they were extracted-wi-th
citric acid nearV all of the inorganic PhosPhate was isotopic{ly
exchangeable, birt in the greenhouse experiment little more than
half wi exchangeable. (Mattingly, Pinkerton and Close.)

It is verv almcUt to analvle satisfactorily by conventional
methods for i'available " phosphate when soils contair much free

calcium carbonate. Severil soils of the Sherbome Series derived
Irom Oolitic Limestone were examined in ioint work with Mr. R. D.
Russell of the National Agricultural Advisory Service. The
amounts of phosphate extracted from the soils by O'5M-NaHCO, at
pH 8'5 and the- isotopicallv exchangeable phosphate rvere both
ilosety related to the phosphale statui of the soils measured in pot
exoeriments. The phosphate concentrations of the soils measured
in'0.01M-CaCl, solutiori were less useful. It apPeared that -re-
sDonses to ohoiphate mieht be expected in soils containing less

tilan 0.9 ms.'P (soluble irr b-icarbonatd solution) or having " A " values
of less thari 7 nie. P/100 g. of soil. (Mattingly and Close.)

Work on th; Eihaustion Land and Four-Course Rotation ex-
periments at Rothamsted showed that, even for soils-with small
imounts oI calcium carbonate, acid extractants gave high values
which d.id not agree with the performance of crops. Extractjng
these soils with s"odium bicarboirate solution was sttisfactory, and
this method was also most suitable Ior examining the soils Irom the
Asdelt Experiment. The muJtipte cropping planned for Agdetl in
tg'S9, togeiher with the proposed changes in the Bamfield Experi-
*.ni, u l provide excellient material for further tests on this and
other methods. (Warren and Johnston.)
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Poresstuu rx Sorls
Remolal of lola"ssinm by ctols

Wlen arable root and forage crops or trass are removed fiom
land mucb potassium is carried away. When cropping of this kind
is continued for long, soil potassium is deplete and must be re-
plenished by manuring iI crop yields are to be maintained. In the

TABLE 3
Amou s of lolassiutr rcmaved. b1t tho bedmenf caors ifi tlp

Rothamslcil lqt-arable erfe"irlolts

Foste!s
Highoeld Field

(old (old
Arass) alable)

(ClIt. of K/acre/year)
Meau values lor

1964 and 1066
Meatr va.lues for

1966 and lg5?

Fost€f,s
Eighfeld Field

(old (old
grass) arable)

1.3
0.6

0.7 0.7

0.7 0.81.2 l.t0.4 0.3

Field (history)
Tlealrnerrt .rop?ing uili lcys

Cut Srass:
Yea! L..
Year 2 ...
Year 3 . -.

Luceme:
Year I ...
Year 2 -..
Year 3 ...

Grazed ley:
Year I ...
Year 2 ...
Year 3 ...

2.0

t.8

o.7
t-7
1.3

0.8
1.0
0.6

0.8

t.2
0.6
0.8

1.7 1.3
1.1 t.3
0'6 1.0

0.7 0.7
1.5 1.7
l.t 1.2

r.l 1.0
1.4 t.l
1.3 1.0

1.4
2.O
1.8

0.5
1.8
1.8

0.6
0.8
0.6

Pcrr,aizrl cro??ing
Res€eded grass grezcd ... f.0 I.O
Reseeded giass cut for hay

and thetr gr_azed:
Hay period t.2 1.2
Grazedperiod.,. ... 0.4 0.4

PerEaneDt gass grazed ... 0.9
PerBaDent Srass cut for hay

aDd ttreD Brazed:
Hay period I .0
Grazed period ... ... (}4

A"ablc rotation rlcat att
Seedshay...
Potato€:

WittroDt (armvard EaDure -With Iarmvara maEure -Oats (trai! + straw)

0.7
0.6

ley-arable experiments at Rotharnsted, K-deficiencv occurred in
test crops fotlowing 3 years of either cut grass or iuceme. The
crops growa in- several recent years were anallrsed to provide a basis
ror appll,'rng the extra potassium needed to maintain both the K_
status of the soils and the crop yields (Table 3). Suoolernentarv
dressings of potassium fertilizeis, equiva.lent'to tir6 amountl
of potassium removed by the leys, have now been applied since
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1950. The two pairs of years, 1954 with 1955 a:rd 1956 with 1957,

therefore compare K uptakes by the ley crops for two levels
of K manurinA. On average of the 2 years before supplementary
potassium fertltizer was applied, the uptake of K by the cut grass
iro$,n on Hiehfield (the old srasland soil) decreased markedly with
ihe aee of thi lev; ti\ere waionly a small'decrease on the oldirable
site, ivhere the ioil contained initially more readily soluble K than
the old grassland soil. Applying extra K lertilizer in 1956 and 1957

oreventEd this fall in K uptale on the cut-grass plots. In the first
ieriod first-vear lucerne removed less K tharr was taken up by
hrst-vear cui erass; uptake by lucerne was most in the second year
and decreased-in the tlird; the extra potassium given in the second
period maintained the level of K uptake by third-year lucertre on the
ald arable soil but not on the old grassland soil. In contrast, where
the levs were erazed the uptakes of potassium in the firsi period
were iery simiiir {or all staAes of the ley and for both soils. In the
second period the uptakes by grazed ley decreased to about two-
thirds oi the previoui vdues ioiboth soils and all 3 years; this was
due to lower-vields and not to a fall in the Potassium contents of
the grass, which were maintained at about 3'5-4'0 per cent K (of
dry -matter) for the whole of the 4 years. Both cut Srass and
luierne leys removed more Potassium than the annual qoPS grown
in the arable rotation,

The efiects of the Potassium deficiency which developed in- the
earlv years, and oI the supplementary dressings which were given
to ioriect the deficiency, hal.e been measured on the test croPs oI
potatoes (Table 4). In 1955, 1956 and 1957 the potatoes were grolvn

TABLE 4

Tha res|ottscs oJ lotatoes to drcssilgs ol lottssium tedilizet in tfu- 
le1,-arable erperiments at Rothamskd

HEUeU
l966
t060
t967
1968 .

F$rcrs FicU
1065
t956
1967

1958. ... 0.03 -0'43 0'77
t Supptedetrtary K bad been given to the plots which had Srown luceme

and cut trass.

following crops which had not received eatra K; lhe cut Srass.and
lucerne leys wh.ich preceded the 1958 Potato croP had recerved
extra K flrtilizer td comPensate for the greater uPtake, b-ut the

$azed ley plots did not receive any extra K in ary year.. For the
tears 1955-57 the mean response by Potatoes to Potassrum lertr-
iizers in Highfeld was l'8 tons,/acre where they followed lucerne and

Lucerae Cut grass Grezed lcY

ResEoGe to K Iertilizer (toDs oI Potato€s/acre)

r.34 1.67 1'07
2.22 2.31 0'7E
r.84 t.78 0'60

... -0.30 -0.66 0.77

... 0.06 0.96 0'34

... r'16 0.48 0'70

... 1.26 0.29 0'48

Preceding ley crop
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I.9 tons/acre where they lollowed cut grass, no suDplementarv K was
given to these leys; following grazedley the meii response"was 0.8
ton/acre. In 1958 on plots vr'here the lucerne and iut grass had
received supplementary potassium the test dressings of iotassium
had no signfficant efiects on yield. After gr zed ley thi potatoes
gave the same response (0'8 ton/acre) in lg58 as was obtained on
lvelage of the earlier years. Many of the efiects of potassium
fertilizer on potato€s following graied leys were not.titirti"rlv
significant, nevertheless the resutls are viry consistent, -d *hei,
all years are taken together they indicate a iall in potassiun status
on these plots. On Fosters Field the trends were similar to those
measured on Highfield, although the actual effects were smaller,
pp.s3m3bl)' because the old arable land conta.ined more potassium
at the beginning of the experiment than the old grass field. The
supplementary dressings.of potassium now given to the luceme and
cut-gTass treatments appear to be stoppbg the drain on soil potas-
srum. .Lrom 1958 onwards the potassium dressios siven to the
grazed ley has also been increasedjrom a total of f.dcivt. Kp/acre
(for the 3 years) to 1.8 cwt.

The crops from the Woburn lev-arable exoeriment were similarlv
examined. \lrhere no farmyard manure is given in the continuout
arable rotation, and in the arable rotation which includes a hav
crop, the amounts of K removed by the crops exceed the amount"s
added over the 5-year period of ihe rotation. \\rhere farmvard
manure is applied atl rotations receive more K than is remo'ved.
(\!'arren and Johnston. )

Potassiatn fxation in Rothatnsted. and. Woburn soils
Soil analyses showed that, when a fresh dressine of Dotassium

fertilizer is added to the soil of the Exhaustion Land exoiriment. a
large proportion is quickly converted to a non-exchangiable form.
In laboratory experiments on slightly calcareous Rothainsted soil at
least 80 per cent of the K present in a solution added to the soil was
held in a non-exchangeabli form; over a wide range of additions of
potassium, from well below to well above the usuairates of applying
K Iertilizers, the amount fixed was proportional to the iir6uni
added. Acid Rothamsted soil, and slilhtiy acid Woburn soil, both
fixed only about hall of the added potasaium. The soils of the classi-
cal experiments will be analysed to see how much of the K added
each year over long periods has been fixed. (Warren and Johnston.)
Availability of soil potassium

In many soi.ls, particularly those low in exchangeable potassium.
some fraction of the reserves of non-exchangeable fotassirim may be
of value in crop nutrition. Pot exDerimen-ts crodoed continuo"*I,
with perendal ryegrass are beinq uied (with Cloiei to measure th'e
rate of release of non-exchangeable potassium from a number oi
soils which are taken as standa-rds in issociated laboratorv work on
the.value of cation-exchange resins for extracting pota_ssi"um. The
sodium form of "Amberliti IR-I2O ', takes up io'oroximatelv the
amounj 

- 9f potassium that can be exchang& by leacNng'with
neutral N ammonium acetate; the calcium r"esin t-akes uo lis and
the hydrogen resin extracts considerably more potassiuir than ii
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ammonium-exchalgeable. The amount of non-exchangeable K
extracted by H-resin in 14 days and the uptake of non-exchangeable
K from the soil by 3 or 4 cuts of ryegrass grown in pot experiments
agreed well. Some soils must be partially dispened with sodium
hexa.metaphosphate before adding the H-resin to obtain a suffi-
ciently rairid riaction. The technique may be applied successfully
to calcareous soils provided that wide ratios oI resin to soil are used,
together with a longer time of extraction; non-exchangeable potas-
sium is released after the calcium carbonate has been dissolved by
the resin, and from some calcareous soils quite large quantities may
be extracted. In well-weathered soils most of the non-exchangeable
K extracted bv H-resin comes from the clav fraction: a soil over-
lying Malmsto'ne was an exception, the 2-10-p fraction releasing
one-third as much K as the clay fraction. Extraction with H-resin
for 14 days recovered at least 90 p€r cent of the potassium recently
" fixed " by wet soils, but the results with soils that had 6xed Potas-
sium on dr5ring varied much more. H-resin extracted Potassium
which was-noi ammonium-exchalgeable from certain minerals;
dioctahedral micas released little of their non-exchangeable K to
H-resin, but considerable quantities were released by trioctahedral
micas. (Arnold.)

The amounts o{ exchangeable soil Potassium and the amounts
soluble ir dilute HCI correlate satisfactorily with tbe K taken up
by arabte crops on the Extraustion Land a-nd on Agdell. Some of
tie potassium supplied by fertilizer dresings is held_in a form n-ot

readl.lv excbangeable; tttempts were made to determine the
amouirts held ii this way and thet relation to exchangeable K.
Repeated extractions witfi hot HNO. dissolved about te;-times as
much fixed fertilizer potassium as was exchargeable. For tie grass
crop grown on theAgdell experiment in l958,the relationshiPbetween
K ripiake and exchangeable K levets in the soil was not satisfactory,
and-more work is needed to de6ne the behaviour of different crops
towards soil potassium. (Warren and Johnston.)

Potassium ileftciney ir sfruce seedlings

Sitka spruce seedlings showing severe signs of Potassium defi'
ciencv were tested for Dutrecine, but none was {ound. The purple
coloui of the teaves was due to an anthocyanin. (Jenkinson.)

THE VAruE oF PHosPHoRUs AND PorASSluM Rtsrnvrs lx
Sorts or mB LONG-TERu EXPERIMENTS er Rotrelrsmo

Work has continued on the residues of P and K fertilizers which
have accumulated in the soils of the Exhaustion Land and Agdell
experiments from manuring.

Thc Erhaustion Lard erf eiment
R. G. Warren showed (Proc. Fertil. Soc. 1956, no. 3?) that the

residues from P aad K fertilizers applied before l90I were useful to
barlev erown in the oeriod 1949-53. In 1957 and 1958 th.is work
*.. iak"eo Iurther by subdividing the old plots and superimposing
tests of new tlressings of P and K fertilizers on six crops (barley,
spring wheat, potatoes, sugar beet, swedes and kale) which were
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grown side by side. All plots received a basal dressing of N fer-
tilizer, basal P fertilizers were given when K was being tested and
basal K was given where test dressings of P were applied. The
increases in lelds given by new additions of P and K fertilizers are
stated in Tabte 5 {or the six crops gro\trn in 1957 and 1958.

TABLE 5
Ttu increoses bt yields gioen b1 frxh additio* of P and K ferl,ilizers

in thz Erhaustion Lard. exporirnaflt

U.!ui!a i! 1856-190r
Fiod ...

Y@

BatLy (*t. of sr.iD) ...WIet (dt. of ,raiD) ...
Poteto.. (tG oI tubcrs)
Suad b.ct (tN o, etsl
sr.d6 (t@) ... ...
Earc (!@i)

IEles AE6 Iw dlEiq< o(
l 0 BL PrOJaEr

No phcpbat Ph6ph.t.
,.+'

1957 1958 rt6? 1968

No potei@ Pot s6iu

1967 l95E 1967 1958

ttro.ar. t@ E dEils of
tot t{@ fdtilir.r .

I@.4r. in yka lp m) ol tco tctt aopc
615
2.6 l0
88
3.' 4.5
513
66

06 100201.r 5.5 6.5 6

0l
0 0.5
4t
00
00,.! o

o20.5 3,.5 2

o l.!0t
l0

' 1., et. Kto/.ct !o! potat €, strgd be6t aDd liale; O 6 c*t. K,O/acr€ for cdeb etld sEed6.

The weather in the 6rst half of the two seasons difiered; in
1957 there was a drought until July, and in lg58 it was wet. Atter
early July in each year rainfall was abor.e average. This difference
in s_pring and early summer rainfall in the two years was reflected
in the responses of barley and wheat to fresh dresiings of phosphate.
For both crops the increases in yield were much grealer in-the ietter
sea.son. In 1957 residues o[ phosphate in the soil resulting from
manuring between 1856 and I90l suftced to grow full crops, ar:d
adding superphosphate did not increase yields. In tbe wit vear
(1958) bartey grown with phosphate residues alone gave 5 cwt.i acre
of grain below the maximum vield obta.ined bv aopl-virrg suoemhos-
phite; simitarly, wheat grovd nith p resiauei atbirri vijtaei Z'c*t.l
acre less tban the maximum obtained by applying sdperphospbate.
Jhe greater responses to new &essingd of pliosphate niea_suiA in
1958 occurred because the cereals without fresh phosphate gave
smaller crops than in 1957 and not because the treatid crops yielded
more. As there is no reason to consider that the chemica n avail-
ability " oI the phosphate residues in the soil was less in the wetter
than in the drier year, it is likely that the accessibility of the phos-
phorus difiered, jxrhaps becarise root grouh difidred in ihe 2
years.

Potatoes, sugar beet and kale responded similarly irr both vears
to.-new dressings of phosphate wheie these crops we.e groum on
soil which received no phoipbate from I856 to l90l (and no,-ne since)-
The mean yield of sugrar dret in 1958 was 5O per cint greater ttrah
in 1957, kale gave a 25 per cent higher yield in the latier year and
potatoes gave similar mean yields in the two vears. On ihe same
soi.[ the response of swedes to new dressings of phosphate was much
greater in 1958 (13 tons/acre) than in 1957 (5 tbns/icre): the mean
yield of swedes in 1958 wai double that oUtainrh ln'igsz. :fne
phosphltg residues from the old manuring were sufficient for full
crops oI barley, wheat, sugar beet and sw-edes in l9b7 but not itr

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-1-91 pp 18

1958. In 1958 the phosphate residues were equivalent to about
one-half to four-fifths of the value of the new phosphate lertilizer
dressing for these crops. For potatoes and kale the phosphate
residues were inadequate in both years: each year the extra leld of
potatoes {rom the residues was only bal.f as great as the increase
given by a new tlressing of I cwt./acre of Ppu. For kale the corre-
sponding extra yields in the 2 years were about two-thirds as great
as the responses to new dressings.

On soil that received no potassium manuring between 1866 and
f90I (and none since) fresh dressings oI potassium fertilizer greatly
increased yielils of potatoes in both years. In 1957 there was little
or no increase in yield of the other crops grown due to fresh dressiags
of potassium; in 1958, however, new dressings of potassium also
increased the yiekls of sugar beet and swedes; as in 1957, cereals
and kale did not respond. On other plots that had received potas-
sium between 1856 and l90l barley, wheat, sugar beet and swedes
obtained suftcient potassium in both years from the residues left in
the soil. Potatoes, however, responded well to fresh &essings of
potassium in both years, kale gave a moderate increase in yield in
1957 only. (Warren and Johnston.)

Tfu Agdell exletirnanl
R. G. Warren (RaO. Rolhomst. exf. Sta. for 1957, p.252) bas

described the soih of the Agdell ery€riment and summarized the
immediate and residual efiects ol fertilizer dressings on crop yieltls
up to 1957. Hitherto, information obtained on residual effects has
been lor the combined efiects of the residues from P and K manur-
ing; plans are now being made to separate the efiects of the two
nutrients for several crops in 1959. This work usefully extends
that on the Exhaustion Land, because the levels of the residues
Irom P and K manuring are higher on Agdell. In 1968 Italian
ryegrass was sown on half of each of the Agdell plots. The grass
was cut t\ rice at silage stage and analysed (with the help of Widdow-
son and Williams). The amounts of P and K (in lb./acre) extracted
in 1958 by the two cuts oI grass were:

P
Froa uamanured soil ... 6.6
From soil containing &sidues from PK manuring ... l9

Gain Irord r€siduB ... l3'5

K
105
205
100

The arJza amoults of P and K taken up by the grass from the plots
containing PK residues were only a little greater than those taken
up by the potatoes gro*.n in 1957 (10 lb. of P and 95 lb. oi K/acre).
TherC was, however, a large dif{erence n l}:e total amounts of K
removed by the two crops, which is uot sbowr by the values for
" gains from residues ". In 1958 grass grown on tbe " unmanured "
plot extracted four times as much potassium as did the Potatoes in
1967, but less than twice as much phosphorus. The greater extract-
ing power of grass than of potatoes no doubt Partly comes from a
longir season of grou'ih anil from more complete " searching " of
the soil by the grass roots. (\\'arren and Johnston.)
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CATToN-EXCHANGE Cepecrrv oF PLA\T Roors

There has recently been considerable interest in the cation-
excharge capacity of plant roots. The literature suggests that the
values iecorded are relative rather than absolute, and the rcactions
at or on a root surlace include diffusion and possibly chelation as

well as simple exchange. The concept o[ an exchange caPacity oi
roots mav have somC use in work on the uptake of cations. In
pretirniniry investigations the exchange caPacities of well-washed
ioots were-determ.inid ia three ways: (l) The roots were allowed to
take up barium, which was then displaced by acid. (2) Titration
curves were obtaiaed alter the root material had reached equilibrium
in a dilute HCI-KCI solution. (3) In a Jelv experiments roots pre'
treated with neutral dilute CaCl, solution were allowed to exchange
vrith another Caclrsolution containing asCa 

; rates of isotopic exchange
were then determined by a scintiUator counting technique. Values
obtained by barium exchange were reproducible, and this method
appeared to be more satisfactory than that involving titration of the
roots. Rather few values were determined by using asCa, but they
agreed with those given by the barium exchange method. All three
mlthods were used to obtain inlormation on the roots of several
crops.

Values given below for cation exchange capacities are in milli-
equivalentsJl0o C. of dry root. The lowest value (1'7) was found
with 2-year-old luceme roots ard the highest (75) with peas grown
in pots. Perennial and Italian ryegrass, cocksloot and timothy all
gave sirnilar values (20-28 m.e.q.) although some oI the roots used
nere grown in pots and others were laken from the fietd. The
range of values for wheat and barley from pots or the field was
12-16 m.e.q. In general, the values determined resemble those
quoted by other workers except for red clover. Pubtished informa-
tion states that clover has an exchange capacity o{ 40-50 m.e.q.,
but four samples used il this work gave values o{ 13-16 m.e.q. For
some of the crops measurements were made at seyeral stages of
growth. There was little change in cation-excha.nge capacity of
wheat roots during spring artd summer; with kale and clover the
values decreased as the season advanced. The efiects of fertilizers
on cation exchange capacities of roots were not coDsistent, In
6eld experiments the values for wheat and for permanent grass
were not afiected by nitrogen fenilization, but with newly sowrt
Italian ryegrass in the field, and with barley grown in sand culture,
nitrogen fertilizer hcreased the exchange capacities of the roots.
Increases were also caused by phosphate manuring of perennial rye-
grass grown on calcareous soil in a pot experiment. Exchange
capacities o[ barley roots were influenced by variety and by applica-
tions oI potassium Iertilizer. This work will be continued to see
whether cation-exchange capacities oI roots can be related more
closely to the uptake of nutrients by plants grown under controlled
conditions. (Heintze.)
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Detcrminalior of nilrogen bt soils

The value of the Kjeldabl method for determinirg nitrogen in
soils was studied by testing the efiect5 6f changes in the temperature
of digestion, in the catalyst, and in the period of heating. For a
range o, soils containing from 0'03 to 2.7 per cent of N, the most
importart factor in Kjeldahl analysis was the temperature ol di-
gestion with sulphuric acid, which was controlled by the amount of
potassium sulphate added. Under the conditions normally used for
Kjeldahl digestion of soil there is little risk oI loss of nitrogen due
to consumption of sulphuric acid with consequent rise in the tem-
perature of the digest. Selenium was the most efiective catalyst
for Kjeldahl digestion of soil. The method recommended by the
Association of Official Agricultural Chemists gave much lower values
than the other methods tested, but satisfactory results were ob-
tained with this method when the period of digestion was increased
to 5 hours. The values obtained by Kjeldahl analysis were not
affected if the soils were pretreated with HF and HISO4 (to release
organic nitrogeu and ammonium fixed by clay minerals) or with HI
(to include compounds with N-N and N-O linkages). Kjeldahl
methods modffied to include refractory nitrogen compounds such
as nicotinic acid and try?tophan gave the same results as the normal
procedures, and it seems that soils contain little of such materials.
The Kjeldahl methods normally used for soil analysis are satis-
factory if digestion is continued for severa.l hours. The period of
digestion requied can be decreased b1' adding more potassium
sulphate. The results with micro-Kjeldahl procedures using 0.&-
1.0 g. of soil Bround to pass a 100-mesh sieve were highly repro.
ducible and identical with those obtained by macro-methods using
5-10 g. samples of soil. (Bremner.)

Cdcium in crels
When the EEL flame photometer is used to determine calcium

in crops, auions which are present at similar concentrations afiect
the results. This interference is much decreased by " blanketing ",
but with phosphate ions there is serious loss o{ sensitivity. J. Yofe
and R. Finkelstein (Anal,. chim. Acla,L9, 1958, 166) showed that the
lowering of the calcium emission caused by phosphate can be re-
stored by adding lanthanum chloride when using a Beck:nan.n D.U.
spectrophotometer. This method can be applied to the EEL flame
photometer, and the best results are obtained with a higher air
pressure (15 ib./sq. in.) than is recommended lor K (I0 lb.1sq. in.).
Ten tirnes as much lanthanum as phosphate (on an equivalent basis)
is necessary and thirty times as much is tolerated. (Johnston.)

Pottssium ir sqils

All naturally occurring potassium minerals conta.in the radio-
active isotope eK, which provides about 0.01 per cent of all the K
present. Soils have a little natural radio-activity from the isotope,
and measurements were made to see whether it can be used to deter-
mine the total amount oI soil K present, so that the customary
tedious analytical methods, which involve destroying the silicate
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minerals, can be avoided. Soil samples ground to pass a 4O-mesh
sieve were packed irr a Ml2 liquid Geiger-Miiller counter, alrd
oacking densitv and counts Der minute were measured. The
inethotl' was calibrated against ieterminations made with mixtures
of pure minerals artd sand. The potassium contents of atrout twenty
soils from Southern and Eastern England measured by counting
were slightly higher than the values obtained by chemical analyses,
perhapibeCause the soils contain small quantities of uranium and
ihoririm. Discrepancies between results obtained by counting and
by anaJysis were greater with soits formed from i6neous rocks in
Scotland and Wales. As tbe method is rapid and may prove very
useful, the interference by other radioactive elements is being
studied. (Rodriguez, Mattingly and Talibudeen.)
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