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CHEMISTRY DEPARTMENT
G. W. Cooxr

I. K. Otter lelt in March and R. K. Cunningham joined the staff
in Julre. P. W. Arnold and D. S. Jenkinson attended the Seventh
Congress of the International Society of Soil Science at Madison,
Wisconsin. G. W. Cooke visited Israel in March as a guest of Dead
Sea Works Ltd. and of the Agricultural Research Station of the
Israel Ministry of Agriculture; he gave a series of lectures and
visited research institutes and experimental farms. In October
Cooke attended a Conference at Seville on " Nitrogen in Agriculture "
organised by the joumal Agrochimica.

R- G. Heathcote of the Colonial Research Service left in Septem-
ber to go to Nigeria. Y. C. Lin (from Hong Kong) joined the
Department for training in soil-fertility work. N. J. Barrow
(Australia), M. Birecki (Poland), S. Oliv-er (Spain), R. C. Salmon
(Rhodesia), K. Singh (India), L. V. Vaidyanathan (Iudia) and
Y. Yamada (Japan) all rvorked in the Department during the year.

Solr OncaNrc MATTER AND OncaNrc Merunrs

Soil organic matter and freshly added organic materials have
quite difierent efiects on crops. Decomposed organic matter ia
soil coutahs reserves of plant nutrients (ma.inly N, P and S) that
are released slowly; it also modifies permanently some of the
physico-chernical properties of soil, but often it has relatively little
efiect on gross physical characters. Freshly added plant residues
and organic manures usually improve physical properties and also
provide a " flush " of N and P when they decompose; both efiects
may increase crop yields but are short-lived. In laboratory work
we are attempting to distinguish between " old " and " new "
organic matter and to measure rates o{ decay. In field experiments
we are examining the efiects oI farmyard manure, and of crop
residues to try to separate nutrient ard physical actions. We are
also developing simple methods for measuring physical improve-
ments in soils produced by organic matter, and for characterising
" difrcult " soils where crops beneft from improving physical
properties. Such work is essential for interpreting experiments on
organic manures and lor assessing practices that increase soil organic
matter.

Decotnposilion of plant malerial in soil
Ryegrass roots and tops uaiformly labelled with 14C were

incubated with soil Irom two Broadbalk plots (Plot 28 has farm-
yard ma-mrre (FYM) each year and the soil has 2.4o/o of organic C,
Plot 3 has no merrure or fertiliser and the soil has only 0.97lo of
organic C). With both soils the plant carbon lost as CO, was
directly proportional to the amount added when N supply was
enough for microbial activity. About one-third of the plant carbon

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-1-93 pp 3

41 ROTHA]ISTED REPORT FOR T960

(frorn either roots or tops) rvas le{t in the soil after laboratory
incubations lasting 156 days, and after field incubations lasting from
April to October; there was little further loss of carbon in the field
during the next winter. Adding fresh ryegrass tops increased rates
of decomposition of " native " soil organic matter, in soil from
Plot 28 by 50o/o and in soil from Plot 3 by l00o/o. Some o{ the
CO, evolved during incubation was fixed (presumably by micro-
orgalisms) and retumed to the soil organic matter. The same
proportion of CO, was fixed in the laboratory exPeriments on both
soils (llo/o of that evolved), and was not afiected by adding Plant
material. (Jenkinson.)

After ryegrass uniformly labelled with l'C had decomposed in
soil for a year in the field, residual activity (3fo/o of that added) was
determined in fractions of soil organic matter separated by J. M.
Bremrer and T. Harada's system (J. agric. Sci. (f959), 52, f37).
The results given a.re from an experiment where 0'3o/o oI labelled
plant material was added to soil lrom Broadbalk Plot 28:

Total Added
carbon plaat carbon

(Percent4ges oI carbon in
each lraction)

IDorgaDic
Soluble in o.lN-HCl ... ...
Soluble in 0.5 -NaOH ...
Sohble iD .lV-HCl : N-HF
Residual

The distribution of added plant carbon was not very different lrom
that of carbon in the whole soil organic matter. " New " soil
organic matter did not occur predominantly in one fraction of the
rvhole organic matter, as rvould happen if this method separated
" labile " and " stable " fractions oI organic carbon in soils. The
distribution of " new " organic matter in the two Broadbalk sofu
wassimilar. (Jenkinson.)

Oxidalion of suil organic mal.tet b! diabomate

In titrimetric methods for detcrmining carbon in soil, the
oxidising mixtures must be at a high temperature to oidise organic
matter completely, but this also tends to decomPose the dichromate.
By omitting HrSOa and using only H.PO. and KrCrrO, in the mix-
ture, oxidation may be done at 175" without decomposing dichro-
mate rapitlly. The organic carbon of a number of soils was oxi-
dised quantitatively by this method, the CO, being collected gravi-
metrically and the Os used determined titrimetrically on the same
sample.

.. o/" C calculated from O, used
I he ratro i" C calculated rrom e6ri"o'iGa

ranges from 2 for CH. to 0 for COr, with soils about l. Soils difiered
significantly in this ratio: values for Broadbalk FYM-treated plot
(2B) and the unmanured plot (3) were l'05 and 0'97 respectively,
implying that carbon in the FYM plot is less oxidised. The oxidation
ratio of a low-moor-alkaline peat was l'00, that of a high-moor sedge
peat 1.16. For this ratio to be determined accurately, samples must

I
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iontain no Fe**, Cl- or charcoal. (Jenkinson.)
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Farmgard nanurc
Elaborate field experiments are needed to measure the separate

contributions towards crop lelds made by the nutrients in FYM
and by any other direct or indirect efiects it may have. Besides N,
P and K, other elements supplied, such as Ca, Iltg and Na, may in-
crease yields. Neither the chemical forms of these elements in
manure, nor their availabilities to plants, are knowa precisely,
which complicates even Iurther any experiment on FYM that
attempts to interpret its value.

Chemioal oompositioz. The total contents of N, P and K difier
in difierent samples of farmyard manure, depending on origin and
on storage methods. Three samples used fui experiments at
Rothamsted and Wobum had the following contents:

Sanple
I
3

Dry Total
matter N P K
(%l (% in dry matter)
20.0 2-o 0.3 1.5
18.0 3.0 0.7 2.0
25.5 3.5 r-2 4.4

The difierences i.llustrate t}re difficulties of comparing similar
amounts of nutrients as FYM and as Iertilisers in field experiments
of simple design. Thus if FYM at 15 tons/acre were compared
with 0.9 crt. N,0.75 crtrt. PrOu and I.5 cwt. Kp/acre; the compari-
sons tha.t were satisfactory with either sample I or 2 might fail with
sample 3 (this was so high in K that l5 tons/acre supplied 4 cwt.
Kp/acre in a readily soluble form).

The solubi.lities of Ca, Mg, K and Na of FYM in several solvents
rvere determined lor a few samples (Smith). Amounts of elements
dissolved in boiling concentrated HCI were used as " total " con-
tents, and the average values for the manures tested were Ca
1.7o , g O.4o/o, K 3.60/0 and Na 0.3o/o. Of these amounts water
dissolved 5o/o of Ca., I0o/o of Mg, 75o/, of K and 80o/o of Na. Cold
N-HCI and N-ammonium acetate both dissolved 95o/o of the total
K and l00o/o of the Na. In contrast, these two solvents extracted
difierent proportions of Ca and Mg. Ammonium acetate extracted
l5o/o more of the Ca and Mg than did water, and dilute HCl dis-
solved 85o/o of the Ca but only ttoo/. of the Mg. Approximately all
the K and Na in FYM can be rated as available to crops, but more
than half of the Mg is not even soluble in dilute acid. Some at least
of the Ca that is hsoluble in a neutral salt solution is present as
carbonate, which would serve as a Ca reserve.

Position efects. Rothamsted experiments summarised by H. D.
Pattersou arrd D. J. Watson (R4. Rolharnst. erf. Sta. Ior 1959,
pp. 164-168) showed that FYM was more efiective relative to
fertilisers for sugar beet than for potatoes, perhaps because the N, P
and K equivalents oI FYM are greater for sugar beet than potatoes.
Besides the possibility that nutrients in FYM and in fertilisers have
not the same relative eftciencies for varied crops, the positions in
the soil of the nutrients supplied by the two kinds of materials
difier, especially where Iertilisers are broadcast on the surface of
a seedbed for crops like sugar beet. At sowing, and for at least
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a month afterwards, nearly all broadcast P and K Iertilisers are
confined to the top 2 or 3 inches of soil, and dry weather after
sowing prevents much of these nutrients reaching plant roots. In
contrast, nutrients supplied by FYM are deeper and in moister
soil.

Difercrces in bolh quantities and position of nutrients may
explain the higher yields from FYII than from fertilisers obtained
in both the }larket-garden and the Ley-Ara.ble Experiments at
Woburn. In the Market-garden Experiment FYM supplied much
more total N, P and K than \vere given as fertilisers, or were needed
by the red beet grown. Both P and K have accumulated in the
soil from FYM dressings, and analyses below show the two nutrients
have moved into the subsoil at least 24 inches deep.

Read,ily-soluble P and K (rng.l100 g. of soil)

Depth
(in.)
0-9

l2-18
t8.21

Fertilis€r
plots

PK
Farmvard Eaaure

plots
PK

3l
t2
I

88535
621 33
51732

P and K levels are much higher in the FYII plots; the nearly con-
stant high level of K for all three sampling depths in FYM plots
indicates that much added K has passed below 24 inches and iinow
out of range of globe beet roots. The 30 tons/acre average annual
dressings of FYII used are maintaining at each depth a " saturation
value " of 30-35 mg. K 'l0O g. of soil. On tbe plots of the Rotham-
sted Classical Experiments ' saturation " level has not been reached,
even in the surface soil, for, although the readily soluble K is much
higher on Barnfield than the " saturation value " at Woburn, K
levels in Rothamsted subsoils (9-18 inches) are only two-thirds of
those in surface soils.

In the Market-garden Experiment at Wobum much P has
accumulated in soils where FYM and sewage sludge have been
applied for the last 18 years. Table I shows the gains, relative to
soil that has had P only as fertilisers.

Most oI the gains in total P are as increases of inorganic P soluble
in acetic acid and in NaOH; organic P increases are surprisingly
small. Apart from the increase in alkali-soluble inorganic P in the
second depth oi the FYM plots, most oI the P has accumulated in
the O-9-inch layer; but gains of P, expressed as percentages of the
tot4 gain for each profle (Table l), show that much more inorganic
P had moved into the second soil depth with FYM than with
sludge, even though much more total P was applied as sludge than
as FYM. The Market-garden Experiment has been redesigned to
test higher rates oI fertilisers incorporated a.t two depths, and mag-
nesium. The results should indicate whether factors other than
the nutrients in FYM improve the crops.

In the Woburn Ley-Arabk Erleriment tuom 1956 to 1959 FYM
applied to sugar beet tave l0 fid. more sugar/acre each year when
this crop u/as grown after 3 years of arable cropping or 3 years oI
lucerne, whereas NK ferti-tisers had onlV small effects on yields.
Where the test crop of beet was preceded by a 3-year grarid ley,
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however, there was no respoDse to manure, and yields without FYII
were as good as in the other rotations where FYM was given-

Where no FYM was given the soil had little readily soluble K
(3.5 mg. K/100 g. soil) after all rotations excePt the grazed ley,
rihere it was high (7 mg. K). \l'here FYM was given to beet,
soluble K values were high immediately after the crop was taken,
but at the end of 3 years of arable cropping, or 3 years of lucerne,
values (ca 4 mg. K) were only a. little above those of plots receiving
fertilis€rs only. Soil under grazed ley still had l0 mg. of soluble
K/100 g. when the plots were due for the next dressing of FYIL

TABLE I
Exba P iru soils of lhe Woburn Marhet-garden Expoimenl rcceiuing

larmyard manure and sewage sludge, as compared uilh soils hauing
ferlilisers

Farmyard manure plots Se$'age sludge plots

In ID NaOH In In NaOH
acetjc ----- - -^-.._ acetic 

-- 
--

acid Inorganic Organic Total acid Itrorganic Organic

,ng. oI P Per IOO g. so;l
97145

r0310
t0

Soluble

Depth
(in.) Totar

0-9 15
12-ta 25
ta-24 15

(F9
12-18 -18-24 -

79

3

34
8
4

36 18
5l
20

84 95
125
40

Soluble K in the soils of the arable rotations without FYM is low
because more K is withfuawn by the croPs than is added by
fertilisers, but in the grazed ley rotation 0'7 cwt. KrO/acre was
gained in the 5-year rotation o[ test and treatment croPs, Wtere
FYM wa^s applied, the K added exceeded the K withdrawn in ail
rotations; ihe accumulation was Sreatest rvith the grazed ley
(3.6 cwt. K,O/acre per rotation).' ln lhis ixperiment the K fertiliser broadcast on the surlace
before sowing iupplies 0'9 cwt. Kp/acre; the 15 tons/acre dressing
of FYM, which is ploughed in, supplies 3'9 cwt. Kp/acre. The
fertiliser K has had little efiect on the yield or on K uptake by
sugar beet; in contrast, both K accumulated ia the soil during the
grazing period and K supplied by FYM have greatly increased per-
centa6e K in beet toPS:

210
Percet ages of eodns for ,he uhole Plofle

14 24 58 93
t7 50 25
928t7-4

Peraentage K in d.ry maker of sugar-beet tops

Ilrclease by

-\Iable rotation ... ...
Gmzed ley rotation

... 2.2 0-2

... 3.6 0.05

Fertiliser FYI{
l.l
0.6

The Market-garden and the Ley Arable Experiments at Wobu-rn
both suggest that difierences in the amounts oi K supplied by
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fertilisers and by FYM, and also differences in the positions oI
fertiliser-K and of K from FYM within the soil, may account for
much of the geater yields produced by FYM than by fertilisers.
A preliminary experiment tested these two factors in 1960 on
Stackyard Field at Woburn on land that had grown suga.r beet in
1959 and where the soluble soil K was higher than in the plots of
the arable rotations of the Ley-Arable Experiment. The fertilisers
were either broadcast on the seedbed or dug in and were compared
\yith FYM (15 tons/acre) and with peat saturated with solutions of
NH.NO" and KCI at rates so adjusted that the test dressing pro-
vided as much organic matter as the FYM treatment, ard as much
N and K as the NK fertiliser treatment. The whole experimental
site received the same basal &essing/acre as the Ley-Arable Experi-
ment (0.7 cwt. N, 0.7 cwt. PrO, and 0.9 cwt. KrO). Table 2 gives
weights of sugar-beet seedlings at singling and tops and roots at
harvest. There were clear gains from using extra NK Iertilisers and
also from digging the dressings in. In the Market-garden Experi-
ment FYM ga.ve greater yields of red beet than fertilisers, and the
beet developed earlier; in this experiment sugar-beet seedlings with
NK fertilisers dug in were even earlier than those with FYM. At
harvest FYM gave nearly 1.5 tons more roots per acre, but slightly
less tops, than dug-in NK fertilisers; both treatments increased
yields by about 50% above the " untreated " plots (which had
received the standard rlressings of the Ley-Arable Experiment).

TaBIJ 2
Weights o! sugar beet al singling tirw onl hoflest

Treatment/acre
(addition to ba-sal NPK)

Nole...
0.7 c,,r't. N { Broade-st "'

( I-,Ug ID

At singling At harvest
(9. dry matter/ (tons/acre)

microplot) Tops Roots
... 20 10.3 9.3

-.. 2l
... 33

la,2 tl.3
15.6 ll.9

rr 10.7 9.721 tt.z l2.S3.6 cwt. K.o tBlyJast ' ' -"

0.7 cwt. N+ (Broadcast ... ...
3.6 c$t. KrO lDug in
FYM ...
Enriched peat

Broadcast NK fertilisers checked germination and retarded gro\trth
of the seedlings; at harvest yiekls of tops and roots were each
2 tons/acre lower than ftom the same fertilisers dug in. prl ing the
K fertiliser lower in the soil increased its efiectiveness, but much of
the difrerence in yields of roots between fertilisers and FYM was
eliminated by equalising the amounts oI K applied. (Warren and
-Iohnston.)

Orgatic ualler and, stil struclure
On many soils, Rothamsted clay is an example, crops grown in

continued arable systems yield well for many years without needing
more organic materials to improve structure than the residues of
crops grown on the land; with other soils, this treatment degrades

l5.l 12.4
ti.z 14.6

16.5 16.0
t6.l 15.3

t2
{8
25
38
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structure because organic matter is lost, and yielcls IaIl. At present
there is no better basis for advising farmers on the need to improve
soil structure than local knowledge, and there is no suitable routine
laboratory or field procedure Ior identilying " difficult " soils.
Poor structure that interferes with root growth is probabty asso-
ciated with proportions of sa,nd and silt that lead to close packing of
soil, and with too little clay or organic matter of the right kind to
bind aggregates. Close packing leads to shortages of water and
air, and to pores that are too small for roots to grow through when
the soil mass dries and becomes rigid.

Clay and sandy soils, mainly from Rothamsted and Wobum,
which have had contrasted but continuous treatments, were used
in laboratory experiments. Thin sections made by D. .{. Osmond
(Soil Survey) sholred close packing in natural aggregates of sandy
soils under continuous arable cultivation. Pore-size measurements
showed that checks to root $or&.th were not likely in the clays, but
were possible in the sands. The effects of grass grot n for many
years, and of regular annual &essings of FYM, on several physical
prop€rties were measured in both sands and clays. Continuous
grass was much more effectil'e than regular dressings of FYM in
improving the soits by making them more permeable and giving
them a structure sta.ble to water and resistant to effects oI mechanical
ill-treatment. In both sands and clays, atgregates formed under
permarent grass were quite stable to ryater, and the soils rvere very
permeable. Annual diessings of FYM prevented the crumbs of
clay soil slaking, but did little to stabilise the sand. Clay aggre-
gates from land cultivated continuously without FYM slaked, but
not as seriously as sands haling the same treatment (these were
quite ulstable). Sandv soils in continuous arable cultivation had
low water permeabilities after slaking, but where FYM had been
given each year the slaked soils were more permeable. CIay soil
continuously cultivated had lorv permeability after slaking, but
rvhere FYM had been applied each year slaking rvas prevented and
permeability remained high.

A practical test \,\'as developed. The percentage loss in pore
space, after wetting and draining an aggregated soil sample twice,
measured structural inslabilily', passing water through the sample
remaining from the slaking test measured perneability. The two
parts of this test indicate rvhether soil structure \r'ill deteriorate in
wct weather and whether trouble may be expected from impermea-
bility when slaking occurs. Samples from the Woburn Ley-4r"6,"
Exp€riment showed that continuous arable cultivation without
FYM gave very unstable aggregates and the soil packed badly after
slaking- Where FYM was given to root crops in the rotation, soil
structure was a little more stable and permeability was higher, but
neither improvement from FYM was great. Six months after
undersowing cereals v'ith a ley, the soil ri.as much more stable, but
it still packed badly. Three years under.ley stabilised structure
completely, but most of the improvement was lost a year after
ptoughing.

The test devised needs no elaborate apparatus, is simple and
quick to do, and can be used on soils taken during routine sampling
for fertfity measurements. In this work the test showed thi

D
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essential difierences between sands and clays, and distinguished the
difierent effects of FYM and of grass on soil structure. But its
value for farmers cannot be assessed uatil manv soils have been
examined. (Williams and Cooke.)

Ftero aNo LenoneroRy EXrERTMENTS oN N, P AriD K FERTTLTsERs

" Mic/o-?lot " expeiments
Much of the Department's field work on soil and crop nutrition

problems is with " micro " plots ( -12 sq. yd.). Experiments with
such small plots are used when land is limited-several nerv experi-
ments have been superimposed on the large plots of some of the old
Classical Experiments. They are also essential when many
materials or trea.tments to be tested make " farm-scale " experi-
ments too unwieldy. Micro-plot techniques sufice where yields
need not be related closely to agricultua! pra.ctice and where crop
composition is important. The work is exacting, and much must
be done by hand; aU op€rations must be more carelul and uniform
than is necessar5r when larger plots a.re used. Errors with small
plots and la.rger plots ha.ve been similar, and micro-plot techaique
is now one of our standard working methods. Much more field
experimentation oi this kind has been done by the Department
recently by limiting ordinary experimentation on commercial larms.
A skilled team under Penny (and in association vith Widdowson)
now provides this service to the Department. Most oI the field
work repo ed here has been made possible by this change.

Tining of nilrogen d/essi'l.gs Jol uirder toheal

Seventeen experiments done from 1958 to 1960 measured the
worth of autunn seedbed-dressings of N for winter wheat, in terms
of equivalent spring top-dressings applied either early (in March)
or late (in May). Combinations of these three times of manuring
were also tested, Table 3 summarises fourteen experirnents on
medium-heary loams giving satisfactory results at harvest.
Autumn N increa-sed yields at thirteen of the fourteen centres, but
usually by less than equivalent amounts of N given as spring top-
dressings. March top-dressings produced the strongest growth,
but this was often reflected adversely in severe lodging at han'est.
May topdressings caused very little lodging and usually gave the
highest fields. Dividing the lower dressings had no advantage
over single May top-dressings, but with the higher level of N,
applfing half in autumn and half in May, or half in trIarch and half
in May, was b€tter than a single dressing. Twelve of the wheat
crops followed roots or a legume, and for these IIay was the best
time to apply N. At two centres where the wheat followed a
cereal, March N was better than May N, perhaps because it helped
to limit ddnage from " take-all " disease.

Farmers growing wheat on heavy land (and most " wheatland "
is heary) may apply part oI their total N dressing in autumn without
losing much Iertiliser efficiency, provided the remainder is applied
as a " late " (May) topdressing. This makes " early " (March)
spring top-dressing unnecessary, an operation which iS o{ten
delayed, or made impossible, on heary land by w'et weather. This
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work does not apply to wheat grown on light land, where autumn
&essings are likely to be leached from light soils; also light land
usually provides less N from soil reserves and crops may need early
dressings in spring. (Widdowson and Penny.)

Tesrr 3
Mean yiclds of tti cr uhcal gruon vithoul nibogen anl thc iwrcases

givcn by singlz atd doubk iloses of nitrogen
(14 erperiments in 195H0)

(Yields of traitr io c*t./acre at 15% moisture content)
Yield without N fertiliser, 33.2

Iocrease itr yield from N applied

-A.t single rate At double late
All in a,utumn ... ...
All iD March
All in Irtay

7.1
84
8.6

I autumn and I llarch
l autumtr and I trtay ...
l March and l May .--

I autumfl, l Malch and I f,Iay -. 6.{ S'3
(The rates givea were: 0.6 and 1.2 cwt. N/acre in 1958, 0.5 and 1.0 c$t.

N/a.re id 1959 and 1960.)

Urea for ba ey on chalk soils

Table 4 gives mean yields Irom three exlxriments on Chalk soils
in which urea was compared with ammonium sulphate. Each
fertiliser was tested when broadcast, combine-drilled (in contact
with seed) or placed I inch to the side of the seed; the rates used
supplied 0.35 and 0.70 cwt. N/acre. Broadcast urea was consis-
tently superior to broadcast ammonium sulphate at each centre at
each rate. Combine-clrilled urea checked growth slightly at two
centres, but did not afiect yietd; at the third centre drilling urea
checked gro\ith severely and gave lower yields than broadcasting.

Terrr 4
Mcan yiekls oJ grair itt thrce 1960 batlcl erlerir e s

(Cr t. ol g.ain/acre, at 15% moisturc coBtetrt)
Yield vrithout N, 20.4

Yield with N applied at

0.35 c$t. \/'acre 0-70 c{1. \/acre

... 7.4 9.8

... 6.3 8.4

... 6.1 10.2

... 6.0 lo.t

-{mmonium
sulphate... 27.2

Urea ... 28.1
28'8 29.5
28.3 29.0

Broad- In contact -{t side
cast $ith sced of seed

Placed

Brcad- In contact At side
cast Y.ith seed of seed

31.9 33.2 3t.5
32.5 3r.? 34.0

Slight checks to early grotth from combine-drilling ammonium
sulphate did not afiect yields, and drilling rvas better than broad-
casting. Urea placed I inch to the side of the seed did no
damage and gave better yields than broadcast urea. Side-placing
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was slightly better than combine-drilling ammonium sulphate.
(Widdowson and Penny.)

Armnoniun suQhalc, " Niho-Chalh " , urea atd caleiun nitrate for
spriag uheat and. barlcy

Each fertiliser was compared broadca-st, combine-drilled in
contact rvith the seed, placed I inch to the side of the seed or top
dressed in early May. At Rothamsted spring wheat was checked
by 0'8 cwt. N,/acre broadca-st as calcium nitrate, but not by broad-
casting the other N fertilisers. Combine-drillint 0.4 cwt. N/acre
as calcium nitrate checked grorth, and this amount as urea caused
a slight check. Combine-drilling 0.8 cwt. N/acre checked growth
with all the fertilisers, most with calcium nitrate. Placing these
fertilisers I inch to the side of the seed caused no damage. Yields
at harvest showed no consistent difierences between metho& of
application. Ammonium sulphate gave lowest yields and calcium
nitrate the highest, perhaps because the wheat was grown on a
freshly limed but previously acid clayJoam. At Woburn similar
comparisons at 0.3 and 0.6 crlt. N/a.cre u.ere made on barley.
Initially there rvere slight checks from broadcasting 0.6 cwt. N/acre
as calcium nitrate and from combine-drilling 0.6 cwt. N as urea or
calcium nitrate, but these efiects were less than those on wheat at
Rothamsted. Drilling a.mmonium sulphate gave better early
growth than broadcasting, but there was no visual benefit from com-
bine-drilling or side-placing the other forms of N. At harvest,
May top&essings gave the highest yields with each fertiliser.
(Widdowson and Penny.)

Tesls oJ concerdtaled fertilisers and Jonns of nitroget.
A concentrated fertiliser (20o/o N, l0o/o PrO5, l0o/o KrO) gave

slightty higher yields of kale and Italian ryegrass than an equivalent
mixture of ammonium sulphate, superphosphate and muriate of
potash. The fertilisers supplied 1.0 and 2.0 c\trt. N/acre for these
two crops. In a test on barley 0.3 and 0.6 cwt. N/acre was applied,
and 20: l0: 10 was the better fertiliser a.t the double rate. The
experiment also compared ammonium sulphate, ammonium nitrate,
calcium nitrate and urea Ior the same crops and levels of N. 2.0
cwt. N/acre as calcium nitrate of urea checked early growth of grass
and kale; there were slight checks from ammonium sulphate and
ammonium nitrate; 2.0 cwt. N,iacre as ca.lcium nitrate reduced
yields of kale and the 6rst cuttiag of grass. There was no consistent
difierence between yields Irom the other forms of N. Calcium
nitrate lvas safe when only 1.0 crtrt. N/acre was applied, and this
dressing gave the highest y.ields of kale at this level o( manuring.
Ammonium nitrate gave the highest yields of grass (at 1.0 cwt.
N,'acre). At the second cutting of trass (grour on the residues from
spring dressings of N) urea gave lon-er fields than the other forms
at each level of manuring. For barley, ammonium sulphate and
ammonium nitrate lr'ere best. (Widdowson and Penny.)

Efecls of lreceding onz-year leys on nibogen uanuritrg oJ uheal
The Ley-Arable Experiments indicate roughly the adjustments

that are needed in nitrogen manuring of arable crops that follow

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-1-93 pp 12

CHEIIISTRY DEPARTMENT 53

3-year leys; but there is little modem information on the contri-
bution made by l-year leys to the N needed by following cereals.
Pure stands oflate flowering redclover (S.151) and of Italian ryegrirss.
(S.22) were cut once and twice respectively for silage a.Dd then
ploughed before sowing winter wheat. Three levels oI N were
tested on the 1959 ryegrass and four levels on the 1960 wheat.
Table 5 gives yields of the 1959 forage crops and the 1960 wheat:
Yields of wheat shown vrere obtained without N and yrith the highest
dressiag of N (0.75 crt./acre); the response curves showed that at
least this amount was needed on all plots. \ltren the 1960 wheat

TABLE 5
Yields of forage crols in 1959 and oJ lhe following wheat crops

Forage crops gro*'n in 1959

Clover

Cst. N,lade itr 1059 .,. ... 0
1959 Yields (cwt. dry matt r/a.re) 49.1

1060 Wh€at Felds (cwt./acIe witn
l57o moisture)

... 34.3

... 45.3

-.. 27.9 20,7 25.9 23.0
... 35.2 3t.l 3r.3 27.7

Ryegra-ss

c*t" {Ii:l.it N 
:::

^. (without N -..sraw t with N

0 0.75 t.5
30.6 68.5 78.6

29-7 3r.4 32-7
17'g 41-5 19,5

was grown without N fertiliser clor,rcr was the best preparation, but
N given to preceding ryegrass gave small increases in yield. \[']ren
0'75 c\rt. N/acre was applied the highest yieltls were after ryegrass
that received no nitrogen, with clover the next best, but yields
following ryegrass dressed with N were less. This may be because
the heavy crops oI ryegrass grown with N removed much K from
a soil containing littte available K. Further, potash was not given
to the leys, although the wheat had 0.4 c*t./acre KrO by combine-
drill. Results discussed on p. 46 show that high levels of soil K
can give lelds that may not be al tained by fresh fertiliser dressings.
(Widdowson and Penny.)

Nitrogen manuring of d.iferert grass sleoies
In planning experiments with ga-as as a test crop the relative

req)onses to N of difierent species of grasses should be known. In
spring 1958 pure swards of cocksfoot (S.37), meadow fescue (S.2f5),
perennial ryegras (S.24) and timothy (Scotia) rvere sown direct.
The leys were cut twice in 1958, three times in 1959 and tvice in
196O; each was grown without N and with 0.3 or 0.6 cwt. N/acre
as " Nitro-Chalk " for each cut,0.5 cwt. PrO. and 1.0 cw't. Kp/acre
was given to all plots annuallv. Table 6 shous total drji matter
produced from each ley over the three years and the efiect of this
cropping on the level of dilute acid-soluble K in the surface soil
immediately before ploughing in August 1960. Without N, cocks-
foot was less productive than the other species; but with N, cocks-
foot gave most dry matter at each level of manuring; timothy was
alrnost equally productive when N was used, bul ryegrass and
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meadow fescue were inferior. The tests for available K show heavy
N manuring of grass decreases reserves of soil K; the basal dressing
of K used would often be considered adequate for practice, but,
clearly, it was far too little. (Widdowson and Penny.)

TABLE 6
Total idns of .ozass s|ecies manured uith thrce leoels of nilroger lor
thlee leoas and the sohtuc potassium in lhe soils al the end of thc

etpaimcnt

Dry matter (cwt./acre f-rrrldo'f ir:rf
-_j.....................-Cirt. N/acre/cut ... 0 0 3

Cocksfoot... ... 45.3 162.5
lleadow fescue ... 66,6 144.3
Ryegrass ... ... 57.9 131.4
Timothy ... ... 56.8 158.1

* K soluble i! 0.3^'-HCl.

Aulunn nilrogen for Ilalian ryegross

Autuma N, applied on 14 November as ammonium sulphate or
calcium nitrate, was much inferior to equivalent spring dressings
applied on 5 February for Italian ryegrass gown on a light sandy
loam and for a similar ley on a clayJoarn soi[. Ammonium sulphate
and calcium nitrate behaved similarly. Yields of dry grass har-
vested on 5 April were: 2.1 crt./a.cre without N, 4.1 c*t./acre Irom
the November dressing and 8.8 cwt./acre from the February dress-
ings. (Widdowson and Peony.)

Comfarisons of solid nilrcgen fertilisels uilh soluliots
An experiment at Rothamsted on newly sown Italian ryetrass

tested ammonium sulphate, ammonium nitrate and sodium nitrate
applied at 0.5 and l'0 cwt- N./acre as solids and as solutions con-
taining 5o/o N. Solid ammonium sulphate gave higher yields of dry
grass and higher N uptake than the same Iertiliser applied in solu-
tion. Difierences between yields Irom solid and liquid forms of the
other two fertilisers were not significant. (Nowakowski and Pemy.)

T he efeds of nibogen fertilisers on the forns of solubk nitroge* in grass

Work on the accumulation of various forms of soluble nitrogen
in grass after manuring with difierent N fertilisers was continued,
and a field experiment on Italian ryegrass at Rothamsted confirmed
previous results. Grass receiring ammonium nitrate and sodium
nitrate contained much more NO3-N than grass supplied with
ammonium sulphate; l0 days after applying ammonium nitrate
grass contained 0.92o/o NO,-N in the dry matter and after ammonium
sulphate 0.560/o. Grass given ammonium sulphate contained more
NH.-N, amide-N and a-amino-N than grass given ammonium nitrate
or sodium nitrate. One month after applying the dressings, all
the NO"-N contents of the grass had decreased, but the difierence
in NO.-N level between grass receiving nitrate fertfiser and grass
receiving ammonium sulphate b€came greater. Grass grown with
solid {ertilisers and $ith solutions had sirnilar NO.-N contents l0

0.6 0 0.3
237.0 16 0
tgt.l 20 l3
147,2 16 t0
2lt-1 16 8

0.6
6
7

7
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days after the fertilisers were applied, but 3 weeks later grass given
solid forms had twice as much nitrate as grass given solutions.
(Nowakowski.)

Compaisous of potossium Jedilisers
Comparisons of muriate of potash with potassium sulphate and

potassiuh bicarbonate begun in 1959 (Rep. Rolhamst. ex/. Sl4. for
1959, p. 5l) were continued. At woburn a.ll forms of K lessened
potato flelds, which were less with the double dose of K than with
the single. The losses were least with bicarbonate and greatest
with muriate, rvhich depressed yields by as much as 3 tons/acre.
At Rothamsted K manuring increased yields considerably. Two
levels of N were tested; with 0 75 cwt. N/acre, muriate was the best
Iorm of K, but with l'5 cwt. N/acre, the double dose of potash
lowered yields-muriate by 3{ tons/acre and sulphate by nearly
I ton/acre. Bicarbonate did no damage; but it was inferior to the
other two torms of K at the low rate of N; at the high rate of N it
gave lowest yields with K at the lower rate, but it gave the highest
yield at the higher K rate. (Widdowson and Cooke.)

Rothaasled r eJercne e plol s

A micro-plot rotation experiment was established in spring 1056
on Great Field IV after ploughing very old grass. Responses to
N, P, K and to FYM are measured on a five-course rotation of
wheat, ka.le, barley, clover- grass ley a.nd potatoes. The standard
factorial lay-out testing all combinations of N, P and K (eight
plots) was supplemented with four additional treatments testing
double tlressings of N (with PK), and also FYM with and without
fertilisers.

Although the soil had long been under grass and was high in
total N, all crops except clover responded well to Iertiliser N.
Kale and permanent grass especially depended on N for high yields,
and both needed the full &ersing of 2.0 cwt. N/acre. Kale and
potatoes were the only crops to benefit appreciably from P Iertiliser.
Wleat, clover and potatoes all gave large req)onses to K. Only
barley gave regular and similar responses to N, P and K. FYM
improved yields of all crops, even when NPK was also applied, and
potatoes, kale and clover responded particularly well.

A similar exp€riment v-as begun in t96O on old arable soil on
Stackya.rd Field, Woburn; sugar beet and oats replace kale and
rvinter wheat, and there is a strip of plots with soft fruit bushes.
All crops except clover gave very large responses to N in 1960, P
and K increased yields only little. (Widdowson, Penny, Cooke and
\f illiams.)

Phosphale fertilisers
Previous work, mostly in collaboration with N.A.A.S. Soil

Chemists, valued fertilisers that could serve as altematives to super-
phosphate for annual arable crops and for grass, On very poor
soils, and with crops that are specially sensitive to P-deficiency, the
" starter " action of phosphate for young plants may be very
important. For such quick action, water-soluble phosphates have
obvious advantages over insoluble materials, but we know little
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aboltt rales of aclion of. fertilisers that are insoluble, or only partly
soluble in water. Nor do we tnow enough about residual efiects
of alternative phosphate fertilisers, and these are at least as
important as immediate efiects where the main value o[ new dress-
ings is to maintain reserves of soil P. Experiments r{ere therefore
started both on rates of action and on residual values of a range of
phosphate fertilisers.

Rates of action of lhosphale fertilisers
Micro-plot experiments on ryegrass trown on acid soils u'ere

done in 1959 and 1960 to test superphosphate, dicalcium phosphate,
potassium metaphosphate, basic slag, Gafsa rock phosphate and
three granular nitrophosphates having none, one-quarter and one-
half of their total P water-soluble. Grass sown in 1959 grerv slowly
because of drought and was not cut until April 1960. There were
good responses to superphosphate and dicalcium phosphate, both
of which gave equal yields; none of the materials tested wa-s signifi-
cantly difierent from these two standard fertilis€rs. Grass sown in
1960 grew more rapidly, and the first harvest was taken after 14
rveeks. Powdered dicalcium phosphate dihydrate gave higher
yields than granular superphosphate; atl the phosphates tested
(except potassium metaphosphate) gave significantly less grass
than did dicalcium phosphate. Gafsa rock phosphate and basic
slag were significantly inferior to superphosphate. Nitrophos-
phate with no water-soluble P, gave less grass than the other
nitrophosphates.

The second harvest, 22 weeks after sosing, sho*'ed dicalcium
phosphate and superphosphate to be nearly equal; Gafsa rock
phosphate and the nitrophosphate with lorv water-solubility had
both improved and gave sigai6cantly more grass than super-
phosphate. The total yield for the two cuts showed powdered
dicalcium phosphate to be significantly better than granular super-
phosphate, which, in tum, was not signiicantly different from any
oI the other phosphates tested. This experiment showed the
expected difierences in rates of action. Rapid action, illustrated
at the first cutting, was obtained from water-soluble materials and
from finely powdered dicalcium phosphate (perhaps because it had
a high surface area), but the slower materials were more efiective
later and, over the whole season, difierences between materials
rvere less than at first. The consistent superiority of powdered
dicalcium phosphate dihydrate over granular superphosphate was
sigaificant in these 1960 experiments. In earlier work the two
materials were more nearly equivalent. (Ilattingly and Penny,)

Residual oalues of lhosphale fe ilisers
In two experiments designed to last 6 years and started in 1959,

heavy dressings (3.0 cwt. Pp"/acre) of the phosphate fertilisers
listed in the previous section were mixed with surface soil by plough-
ing and rotary cultivating in autunn/'winter 1959. The first crops
were sown in 1960, when new small dressings of superphosphate
were applied to provide a scale for measuring residual efiects of the
larger dressings applied in 1959. Residues lrom 3 cu't- PrOr/acre
given as superphosphate in 1959 gave larger yields of swedes,

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-1-93 pp 16

CHE\IISTRY DEPARTMENT 57

potatoes and barley in 1960 than a new dressing of 0.5 cwt. PrOu
broadcast 

_ 
before sowing. Gafsa. rock phosphite residues givi

srgruicantly less potatoes than superphosphate residues, but the
other phosphates v'ere not significantly difierent from superphos-
phate. For swedes al.[ the fertilisers tested had similar 

-residual

efiects. (Yields given by nitrophosphates in lg60 were not a good
indication of the value of the phosphate, because these are NP
fertilisers and about 3 crvt. of extra N/acre had to be applied u'ith
the P drgTing and this had not leached completely frorn [he soil by
summer 1960.) (Uattingly.)

Urea

Urea is potentially valuable as a fertiliser because it is highly
concentrated and cheap to make, but experiments in the last few
years have shosryr that it may have disadvanta8es. Some samples,
particularly of granulated products that have been heated in pro-
cessing, may contain biuret, which is toxic. The other disadvantage,
comrnon to all samples, is that tvhen urea decomposes rapidly
arnmonium carbonate or bicarbonate is formed, and the pH near to
the fertiliser pa.rticles rises. High pH and high a.mmonia concen-
trations near to young seedlings may damage them -this happened
in barley exFriments reported last year. The same decomprosition
may also lead to loss of N (a-s NH" gas) (and therefore reduced
efficiency) when urea is applied as a topdressing for grass or arable
crops, or when it is not buried deeply enough in a. seedbed.

Losses of nilrogen lrom urea applied. to soils

In laboratory experiments, urea equivalent to 0.9 cwt. N7'acre
was applied in difierent ways to several soils at each of several
wa.ter contents and at 5" and 25". Air was passed over the soils
and the NH. lost was measured. Losses were more serious from
light than from heary soils. The least loss of N (<l%) was from
heary soil at 5', the greatest (20%) from light soil at 5'. Except
with a light soil containing little organic matter, losses rvere less
t'hen urea was mixed rvith the surface inch than when it was broad-
cast on the soil. Changes in moisture content of soil within the
runge 40-40o/o of the water-holding capacity generally made little
difierence to losses of NH., but again the poor light soil was an
exception, at 25'much more l(H, was lost from the driest sample.
Temperature had little efiect on total losses of NH" but they occurred
much more quickly at 25' than at 5'. The exception was atain the
light soil with low organic matter, from which twice as much NH3
was lost at 5'as at 25'. (Gasser.)

Efects of buret and uleo on gelrninol;on
The efiects on germination of kale of samples of urea having

difierent biuret contents were measured in a field experiment. The
fertilisers were tested at 0.9 and I.8 c\trt. N/acre, both broadcast on
the surface and placed immediately under the seed, which was sown
in rows 9 inches apart. Germination percentaSes, averaged for the
rates and methods oI application and taking the plants established
on un{ertilised plots as l0O%, were: granular urea (60/o biuret)
560/o, prilled urea (1.5o/o biuret) 85%, cr,"stalline urea (0.6/o biuret)
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7lo/o, pelleted urea (0.5/o biuret) 82o/o, ammonium sulphate 73o/o

and calcium nitrate 9I%. Only the granular urea wa-s more dan-
gerous than ammonium sulphate or calcium nitrate. Damage was
greater at the higher rate of dressing and also when the fertilixrs
ivere placed direc-lly under the seed. 

- 
(Gasser and Penny.)

In a pot experiment with kale high rates of urea usually depressed
germination, with no difierence between the four samples; Sermina-
tion was higher in moister soil. Yields and total-N uptakes at
harvest were proportional to biuret contents, and were least with
the sample containing most biuret. (Gasser and Close.)

EXPERTMENTS rN FoREsr Nunsruss

Lofi g-letrn r otalion e, p etimetuk

In l95l two long-term rotation experiments of about 350 plots
each, cropped with Sitka spruce seedlings or transplants, were laid
down in nurseries at Wareham (Dorset) and Kennington (Oxford).
(Their desigrr and lay-out is described h Rep. For. Res. For. Comm.
ior 1952-53, pp. 84-f00.) The experiments compare continuous
conifer cropping with a rotation in which one conifer crop in three
is replaced by either bare fallow or a " treen " crop (rye, ryegrass
or yellorv lupins); they also compare annual applications of compost
made from bracken and hop-waste with a mixture of " Nitro-
Chalk ", superphosphate, KCI and MgSOn. Over eight seasons
there has been no advantage, at either centre, from intemrpting
continuous cropping with conifers by any of the three green crops,
but at Kennington bare fallow improved growth. At both centres
fertiliser-growa seedlings have been 20-30% larger than those having
compost.

In a supplementary experiment on continuously cropped seed-
beds, compost and fertiliser each increased seeclling height; at
Wareham the unmanured crop failed completely. At Kenrirlgton
compost ard fertiliser applied together were no better than fertiliser
applied alone, b]ut al. Walehorfl the two manures together produced
larger plants tha.n either material applied alone. This result might
indicate that compost had other furctions besides suppllng
nutrients, but there is no present evidence that this is so. The
fertiliser-grown plants sufiered from Cu deficiency (Nalure, Lond..

0956), 178, 864), and in several seasons also showed Kdeficiency
symptoms. During wet seasons compost plots, as well as fertfiser-
treated plots, pass through periods of nitrogen deficiency, and these
periods are rarely coincident on the two kincls of plots. Therefore
plants grown with compost plus fertiliser have received a steadier
supply of N, and have been less subject to either K or Cu shortages.
The experiments are being modified to eliminate, as far as possible,
difierences that may come Irom lack oI nutrients in tie fertiliser.
(Benzian.)

The problem ol " uorn-oul " nursffies
In some of the Forestry Commission's nurseries (mostly those

started on farming la.nd between 1920 and f940) some conifers, such
a-s Sitka spruce, Tsuga hetercphylla a,J.d Pinus cottl.oia remain small
and stunted, even with ample plant nutrients applied either as
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compost or fertiliser. This sturted gror*th normally occurs on
soils with high pH, but there are exceptions, such as failures on acid
soil at Ringwood. In several nurseries stunting is associated with
root damage caused by fungi and, at Ringwood, with root-parasitic
nematodes as well. Root damage of either kind is greatly decreased
by " partial sterila.nts " such as forma.lin and chloropicrin; but
these materials are also of benefit where no efiects from pests and
pathogens have yet been recogaised. Improvements have even
been observed in highly productive nurseries like Wareharn, where
groMh seems normal.

It is dificult to isolate the factor or factors responsible for
sturtint and for the dramatic improvement in growth with " partial
sterilisation "; members of several departments at Rothamsted
are working together on the problem. Materials like steam, for-
malin and chloropicrin not only profoundly change the soil flora
and fauna, but chemical changes in the soil may alter nutritional
conditions, such as producing and maintaining a higher concentra-
tion of ammonia. " Partial sterilants " and acidifying agents both
tend to increase the amount of Mn in seedlings, and the untreated
plants may well sufier from Mn and/or Fe deficiency. Mn as well
as Fe chelates have been tested as foliar sprays, but so far without
success in the nurseries, and with only very slight benefit lrom Mn
chelate in pots.

As stunting is confined to older nurseries, it is important to dis-
cover whether, with modern manuring, cultivation and weed control,
nurseries can remain lertile indefnitely. The two long-term rota-
tion experiments mentioned abol,e will Lrdicate problens that may
come from intensive conifer cropping. Although during the first
eight seasons, there r,r'ere no signs of deterioration in growth re-
sembling the troubles encountered in " worn-out " nurseries, size
(1959) and plant number (1960) were much decreased on many
compost-treated plots at Kennin8ton. In 1959 the Wareham plots
sufiered from an attack of. Fusariwn witt, which was much more
severe with compost than with fertiliser. The future will show if
these failures are isolated occurrences or if they are the first indica-
tions of a gadual deterioration. (Benzian.)

Tesls on soil d,iluents

Most recent work on partial sterilisation has been done at
Ringrvood and Old Kennington Nurseries; at both, but particularly
Ringwood, poor soil structure is likely to have contributed to
stunted $o$th. Close packing may interfere with supplies of
water and air, as well as with drainage, and may obstruct growing
roots and so favour attacks by parasites. To open up the soil, two
materials were incorporated into the top 6 inches a few weeks be-
fole sowing: 12 lb./sq. yd. of coarse-grade sedge peat and f00 1b./
sq. yd. of quartz grit from St. Austell. At Old Kennington the
diluents were tested together with formalin; at Ringwood bad
weather made this impossibte. In the Old Kennington experiment,
peat alone increased height by $)o/o ar.d iormalin alone by 70/o.
lVith formalin, peat improved grorth only slightly; and with peat,
the response to formalin was lessened. Bad physical conditions
may have aggravated attacks by pathogens. However, in the very
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wet 1960 season part of the benefit from peat may have been Irom
a slow release of N. At Kennington there was no response to St.
Austell grit. At Ringwood peat improved gro*th but, in contrast
to Kennington, the nutritionally inert quartz grit gave a slight
benefit. (Benzian.)

Axtox-Cerrox RrLATroNSHrps rx Cnop NurnItIoN

Uptake of nutrient cations by crops is usually decreased by
other cations present in the soil; similar effects exist with anions.
Uptake of positive (or negative) ions is also afiected by the presence
of ions of opposite charge. These relationships are particularly
important when healy dressings of fertilisers are used, and they are
more pronounced on light than on heary soils. Such efiects alter
the eftciencies of nutrients supplied as fertfisers, affect the use that
plants make of nutrients in soil and may influence the quality oI
crops. As there is little systematic information, work began in
summer 1960 to obtain information about ion relationships. Micro-
plot field experiments done with ryegrass and kale on heary soil
at Rothamsted will extend to light soil at Woburn in 1961. The
efiects of combinations of fertiliser salts on crop composition are
being examined. (Cunningham. )

NTTRoGEN I\ Sorls

Using lhe nass speobomelu for d.etermining 15N

Alrnost all of Newman's time was spent in making the mass
spectrometer (Ref. Rothanst. exf. Sla. Ior 1959, p. 4l) work satis-
factorily and in estabtishing a service for determining r6N in soils
and plant materials. The instrument has been used efiectively
since May 1960.

The steps in the analyses oI the samples are: (i) Kjeldahl
digestion; (ii) distiling the digest from alkali and then titratint
$ith acid; (iii) converting ammonium salt solution to nitrogen gas;
and (iv) analysing the gas sample in the mass spectrometer. Each
step can lead to errors in the final ratio oI rEN l.N and each has
been examined to make the total error small.

Some rvorkers state that KjeldahlSome rvorkers state that Kjeldahl digestion can lead to an
impurity (possibly methylamine), rvhich gives ions of mass/charge
ratios of 45, 3l and 29; this is particularly likely with Cu-Se
catalysts (which we generally use), but it never happens with Hgwe generally use), but it never happens with Hg

J the mass spectrometric analysis of N, the ratiocatalyst. During the mass spectrometric analysis oi N, the ratio
of ions 28 (r.N.+) to 29 (raNrsN+) is measured, and the impurity
leads to a.n over-estirnate of ions lrN16N+, giving an erroneously highleads to a.n over-estirnate of ions lrN16N+, giving an erroneously high
ratio of rsN : 1{N. Samples from incubation experiments with soilratio of rsN : 1{N. Samples r.orn ir""uiiir" 

-"""i";;;;i;;ih;ii
ard straw (described belo\r) gave this impurity (which was diagrosedard straw (described belo\r) gave this impurity (which was diagrosed
by ions produced at mars 31), and it prevented reliable estimates of
16N in these samples. In further rvork soils alone were digested
with Cu Se, and with Hg catalysts and soil +traw incubations were
digested with Cu-Se catalysts. No trace of this impurity was found
in any sample, and 16N: raN ratios were normal. It is considered
the " impurity " was caused by too short digestion time.

During distillation of the digests a sample high in r5N may leave
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a micro-amount of r6N, which may contaminate a following sample
having normal 15N content. In distillation tests where appreciable
contamination occurred only with 14% oI 15N, distilling several
blanks eliminated the efrect.

Converting NH. solutions to N, gas is tedious, as all air must be
removed from the solutions to prevent diluting the 16N content in
the sample. Only small quantities of N, are needed for analysis,
and good high-vacuum technique is essential; we have been able
to convert only five or six samples per day. A simpler technique is
now being tested.

Consistent results are obtained only by standardising operations
rigidly. Calibrating the resistance chain on which the final ratio
depends showed maximum error of about -llo/o and ratios are now
corrected to allow for this. The instrument shows " mass descri-
mination " errors and tends to over-estimate the lighter mass ions
at the expense of the heavier; this over-estimate increases as the
sample is consumed during analysis. Extensive modifrcation would
be necessary to lower this mass descrimination; but for the ratio
28 : 29 the efiect is small enough to be netlected, the ratios obtained
from the Kjeldail experiment described above u,ere examined statis-
tically and found to be accurate enough for determining sma.ll
enrichments with 15N. For Breater enrichments oI 1iN, the few
results show errors of 15o/o; more work is being done to improve
this.

For other ma-ss ratios, e.9., N, to Or, or N, to A (both necessary
for correcting nitrogen samples for the presence of air), the results
have not been very consistent; apart Irom the mass descrimination
efiect mentioned above, N8:O, has varied from 5.5 to 6.1 (the
volume composition of air gives 3.7), and although it is not unusual
Ior mass spectrometers to give a value Ior this ratio of 6, its varia-
bility makes correcting for air in the samples rather uncertain.
Using the instrument for gas analysis is also hindered by this in-
consistency.

With an assistant preparing gas sa.mples from NH, solutions,
we have been able to analyse 20 25 samples each week. 200
samples have now been analysed, over half of which were for mem-
bers of the Soil Microbiology Department. (Newman.)

)i on-gnnbiolic fxalion of nitrogen
Detectable amounts of N can be fixed when soil is incubated

with much (13%) added straw carbon (for example, J. M. Bremner,
J. agric. Sci. 1958, 5f, 23). Ushg rEN in the mass spectrometer
measures N fixation more sensitively than the Kjeldahl method
used by Bremner, and work was done to see whether there is any
fixation with small amounts of straw under aerobic and anaerobic
conditions. Straw (l% addition of straw carbon) r'as mixed with
calcareous soil lo*, in organic matter, and the soil alone, soil + stra$',
and soil f strarv + KNO., were incubated for 42 days in atmo-
spheres containing N, gas enriched with r6N. The 25O p.p.m. of
NO5-N added more than sufficed for the microbial population
attacking the straw and (under aerobic conditions) NO-;N did not
fall below 67 p.p.m., in contrast to treatments with straw alone,
uith which the initial NO8-N of the soil (15 p.p.m.) Iell to zero in
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20 days and did not increase again. Four atmosPheres were used:
aerobic with removal of CO1, aerobic allowing CO, to accumulate,
anaerobic with removal of CO, and anaerobic allowing CO, to
accumulate. The nitrogen gas contained 6 atom o/o excess i5N,

although in a few experimenta a 20 atom /o excess was used. Total
l,i in tFe incubated ioits, as determined by Olsen s modification o[
the Kieldahl procedure, showed no fixation in any of the treat-
mentsi in the a.naerobic treatments NO, had been qua.ntitatively
lost in contrast to the aerobic treatments, where there was no loss
of added NQ". Determining r5N ir the Kjeldahl distillates was
difficult because of an unidentified contaminant discussed above
(possibly methylamine), rvhich increa-sed the height -of the 15N

iiat< iII ttre mass spectrometer. Some samples therefore showed
an a|farcnl fi,xalion of nitrogen which was not caused by an excess
of tti. But " Bxation " (reat + apparent) was never Ereater than
l0 p.p.m. of N. (Jenkinson, Btuecki, Newman.)

S6me other factors governing non-s)'rnbiotic futation of N are
being investigated. The a.mount of N fixed when straw was added
to waterJogfed soil under anaerobic conditions increased linearly
with straw additions of. 2'5-2O'/o, were maximal when 30o/o was
added and fell with larger additions. The ma-ximum fixation (50

mg. N/10O g. of soil or I.7 mg. N/g. of straw) was the same in old
arable soil and old grassland soil. (Jenkinson and Barrow.)

The efects oJ 11ear lqts and. fe ilisers on soil trogen slolus

A field experiment (done by Widdowson and Penny and de-
scribed above, p. 52) measured the efiects of growing clover or
ryegrilss on the N needed by following wheat. Soil samples from
this experiment showed difierences in N status. When the leys
were ploughed in autumn plots where clover had grown contained
more mineral-N, and more N that could be mineralised in laboratory
incubations, than plots where ryegrass had grown; giving N-ferti-
liser to the ryegrass raised the N reidues left in the soil. These
differences in N-status disappeared by the following spring.

In another field experiment \Rep. Rotham.st. exr. Sta. lor 1958,
p. 1(i) urea-formaldehyde (UF) fertiliser was compared with " Nitro-
Chalk " (NC) ; UF was much less efrcient than NC for 2 years of
cropping with grass, presumably because it did not decompose
quickly or completely enough. In the Iollouring spring, rvhen
cultivations were complete, levels of mineral N in the soil rvere
higher on plots fertilised ri/ith UF than on unfertilised plots. In-
creases (in p.p.m.) of NH.-NlNOr-N on incubating the air-dry soils
were:

Treatmetrt itr tbe 6eld
e4)eriEleut

]Iineralisable N

t95S 1950
Sp.illg

1960
39
4l

38
4t
39
54

9.1

1059
Notre

NC
UF

36
4l

43
47
4t
a2

8.7

N-
UF
NC
UF

\C
UF

Significart diflerence (P <0 05)
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Inorganic N fertiliser had little efiect on the N reserve of the soil,
but applying UF in spring 1959 si$ificantly increa-sed the minerali-
sable-N in both autumn and spring 1959/60; UF given to plots in
1958, with none in 1959, had much less eftect on the soil than the
I9S9dressings. (Gasser.)

Sorr Plrospraro

Losscs oJ los?harc lron sandy soil
In a field expriment on very light and acid (pH 4.5) sandy soil

in the Forestry Commission's Research Nursery at Wareham (Dor-
set) several phosphate fertilisers equivalent to 16 mg. of P/foO g. oI
soil were applied between 1955 and 1959. Samples taken at the
beginning and end of the period showed the following changes in
total P contents and in isotopically exchangeable P (" A " values)
measured in pot experiments on ryegrass:

ChaDges Irom 1965 to 1959

Total P "A"waluc
mg. P/'r00 g. of soil

-0.1
+ t.r
+1-2
+3.8

Annual treatment
No phosphate -1.0Superpho6phate ... ... 0,1
Basic slag ... +4.3
Gafsa rock phosphate ... +0.8

Yields of grass in pot experiments on the soils were highest with
basic slag and rock phosphate and much less with superphosphate;
differences in favour of the less-soluble materials were much greater
in 1959 than in 1955. The total P content of the soil, 5.6 mg./100 g.
in 1956, declined during the period on the " no phosphate " and the
sup€rphosphate plots, but rose on the basic-slag plot by one-hatf,
and on the plot receiving rock phosphate it doubled. All the super-
phosphate not used by the crops gown had leached out in the 4
years, and three-quarters oI the P applied as basic slag and half of
that added a-s rock phosphate had also probably been lost. Rock
phosphate and basic slag clearly have much greater residual values
than superphosphate.

Teare 7

Charges in P conleut oJ sand ard silt fractions belu'een 1955 and. 1959
(iu ng. P1100 g. of soil)

Phosphate applied a-s

Particle size range
(microtrs)
2,000-200

2@-75
7 5-20
20_5

Total

Super Rock Basic
phosphate phospbatc slaA

+0.3 +2.0 +0.5
-0.6 +6.0 +0.7
-0.3 +r.3 +0.0+0.0 +r.3 +r.3
+0.4 +9.8 +3.4

Measuring the total P contained in four size fractions oI the soil
separated by sedimentation (Table 7) showed little change from
adding superphosphate, but considerable changes from adding the
other phosphates, ard particularly rock phosphate. Three-quarters
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of the total P accumulated in the rock phosphate plots was in the
coarse and fine sand fractions, All the fractions were enriched by
basic slag, but the fine material more than the coarse.

Distribution of phosphate was also measured in an acid clay
soil at Rotharnsted used for a field experiment testing super-
phosphate and rock phosphate (described in Rey'. Rothamst. exr. Sta.
for 1959, p. 49). Ilost of the extra phosphate supplied by super-
phosphate was in the clay and silt. Phosphate had accumulated
in the fine sand (200-75 pr) fraction only on plots treated with rock
phosphate. This confrms the result at Wareham a.nd suggests that
rock phosphate accumulates in acid soil as undissolved particles.
(Uattingly.)

Fraclionoting inorgatio soil phosphorus by ion-exchatge resins

The rates u'ere measured at which Ca, Al, Fe and P are remor-ed
Irom soil (<40 mesh) in l0o/o ion by Cllsaturatedirom sorl ( <40 mesh) m I07o aqueous suslxnsron by Ll'-saturated
Amberlite IRA,-40I (20-30 mesh) and Na-saturated Zeo-Karb 225
(10-20 mesh) exchange resins. (The resins were rapidly and com-
pletelyetely separated from soil by stainless-steel sieves.) Va

wet resin " : soil ratio suggested an optimum weight

resins were rapidly and com-
ss-steel sieves.) Varying the
n ootimum weisht ratio of

1.5: I for both anion- aud, cation-exchange resins to remove most
phosphate ions and cations from the soil at equilibrium. In IR.6'-
401 (AER) and Zeo-Karb 225 (CER) respctively this weight ratio
is equivalent to average values of 55 : I and 35 : I for the ratio of
the ,olal exchangeable ions in the resin to those in the soil. Phos-
phate was not recovered completely Irom AER by successive extrac-
tion with 0.01M-2.0M solutions of NarSOn, NaCl and NaOH (even
on boiling), and the resin had to be incinerated at 550' belore
analysis. Before extracting rvith resins, the soils were brought to
equilibrium u'ith carrier-free a'P for 320 hours to label the isotopi-
cally exchangeable phosphate uniformly. The rate of change of
the specific activity oI P removed Irom soil by resin was measured.

Soils prorided by I{r. J. \Y. Blood (N.A.A.S., East Midtands
Region) in 1958 from unmanured and phosphate-treated sections of
a field experiment at Shardlow (Nr. Derby) rvere examined. The
phosphate extracted from soils that had been maintained in the
fietd at pH 4 or pH 6, lith CER or AER, had a constant specific
actjvity at aU times, indicating that each extracting mechanism
removed only part of the isotopically exchangeable phosphate (P").
The amount removed in I day was directly proportional to P., and
was larger u'ith the soil oI higher pH. Equilibrium &'as reached
rapidly with CER, but with AER 12 days contact was required.
The fra.ction of P. extracted by AER increased only slightly with
increase in soil pH (u'hich remained constant during extraction).
By contrast, CER extracted approximately twice as much of the
total P" from soil with pH 6 than from soil rvith pH 4, and during
extraction with this resin the pH rose by I-I.5 units. Table 8
shou's that the total phosphate ions removed by AER plus CER are
equal to the " rapid " isotopically exchangeable phosphate " P, ".
Therefore phosphate ions in " P, " are held: (4) as anions compen-
sating positive charges on the soil, and (6) as counter ions associated
rvith cations in the ion atmosphere surrounding the soil colloid.
The proportion of P, held on positively charged sites diminishes
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with increasing soil pH, and a larger proportion appears as counter
ions in the micellar liquid.

The specific activity of phosphate extra.cted by a mixture oI
AER plus CER falls slowly after several days' reaction with soil,
indicating that non-isotopically exchangeable forms oI phosphate
are extracted together with P". Wlen completed this work will
clarily the natue of slowly exchanging and non-exchangeable forms
of soil phosphate and their relationships with soil pH.

TABLE 8

Phosfhate renoaed by AER qrrd CER from luo Shardlou soils in
1 day and. the isoloricall! exchangeable lhosthale in ng. P1100 g-

of soil

Soil of pH 4.2 Soil oI pH 5.9

Field tr€atment No P
PhosPhale rernovcA

ByCr-AER ,., 3-l
By Na'-CER ... l.S

Total with resia 5.6
Isoto?ica y Ezchan$able

... 8.3

... 17.6

with partially unsaturated CER (x-!-" * O 
: 0.ll 

), 
either alone

or mixed vrith AER, non-exchangeable phosphate was removed from
soil within }_l hou-r of contact, and soil pH was lowered by I-2.5
units. (Vaidyanathan and Talibudeen.)

" Aaailable phosphale "
About l8O individual soils, taken from sites of field experiments

done between l95l and 1956 to test P fertilisers, r'ere analysed by
seven methods for " readily soluble " P. None of the methods was
outstandingly successful in predicting crop responses to P fertilisers.
The best methods were those using a slightly acid acetate buffer
solution, a solution of 0.5,11-NaHCO, or extraction with O.OIM-
CaCl, solution. Methods using acetic, citric, sulphuric or hydro-
chloric acids were less useful. Partial regression coefficients (cal-
culated by J. H. A. Dunrvoodfl showed that analyses by an in-
dir.idual method rarely accounted Ior more than half of the varia-
tion between the efiects of P fertilisers on crop felds; there was
little improvement when the values for soluble P determined by
two or more methods were used together. The soils used for the
field experiments had all been selected as being P-deficient, so they
did not extend over the normal practical conditions of extreme
shortage to a large surplus oI soluble soil P; nevertheless, the soils
used ranged from those where arable crops failed without added
P fertiliser to those u'here P fertilisers did not increase yields. This
work shows that no close relationship between soluble P determined
by a chernical method and uptake of soil P by crops can be expected
within the steeply rising part of the cun'e relating chemical measure-
ments of soluble P to uptake of soil P by crops. \Yeather, and soil

E

P NoP P

6.3 5.1 6.9
3.7 6.6 9-0

tl.o lt.6 t6.9

t2.o ll.3 t6.726.0 28.8 35.3
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structure and depth, must afiect the accessibility of soil P to roots;
pests and diseases may also influence yield and resporue to P fer-
tiliser. Many similar investigations have produced disappointing
correlations between soluble P in soils and effects of P fertilisers on
the crops grom, and have tended to discredit soil anal5rsis as a tool
for advising on P manuring. Too much attention ha-s been given
to erratic relationships between low values for soluble P and the
uptake oI soil P by crops, and too little to the fact that the better
methods of analysis generally predict very well the richer soils
where crops obtain enough P without added fertilisers. Future
work should aim to establish limiting values for soluble P ia soils
above which responses to extra P will not be exp€cted, and where
P fertilisers urill be needed only to maintain reserves. Crops grown
on soils with less soluble P will need normal P manuring. (Williams
and Cooke.)

All methods used in this country to measure soluble P for advi-
sory purposes are empirical. The better ones often succeed be-
cause o{ comFnsating errors; they measure a quantity of P that
combines the " intensity " oi immediately available P that is
ionised and the " pool " of useful P that could ionise and which
acts as a reserve (the terms were defined by R. K. Schofield (Sols
& Ferl. 1955, f8, 373-375). In the early stages of growth a crop
must depend on the ionised P expressed by the intensity factor, and
there is a good argument for using this quantity as a measure of
" available " P (and neglecting the reserve in the " pool ") for
immediate advisory purposes. Schofield gave a theoretical basis
Ior using the amount oI soil P in equilibrium with 0.01M-CaCl,
solution as a measure of P intensity. This method is therefore
beiag examined for practical limitations or diftculties, and to see if
the values are stable throughout the year, and whether they are
affected by variations in laboratory techniques. (Cooke, Bla"kemore
and Mattingly.)

Soils from old arable fields where FYM has not been applied with-
in the last 50 years were sampled at difierent periods during the
5'ear. W}ten under fallow or cropped with a cereal, changes in
NaHCOT-soluble P within the range 0.3-1.5 mg. P/I0O g. of soil
show changes of less than f0o/o during the year. (Warren and
Johnston.)

Relalionship oJ soluble P and total P
Soils from the sites of four Classical Experiments (Agdell, Hoos-

field Permanent Barley, Bamield and Exhaustion Land) show that
" soluble " P increas€s with " total " soil P. The increase is
slowest for Agdell a:rd fastest for the Exhaustion Land. (" Soluble "
P was determined with 0.5M-NaHCO3, and " total " P by the per-
chloric acid method.) With 3G4O mg. " total " P/100 g. of soil,
" soluble " P would probably be negligible; the insoluble P in-
cludes the stable organic P in soil. (The temperature of the
NaHCO, solution afiects the amount of P dissolved, and must there-
Iore be kept within tl" of a selected temperature.) (Johnston.)

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-1-93 pp 26

CHE}IISTRY DEPART]IE\T

Sorr Poressruu

C ategories of soil ?olassiuru
In continued glasshouse cropping the amounts of non-exchange-

able K released from many soils tend to become directly propor-
tional to time. Extrapolating this rate ol release of " native " K
to zero time estimates the total uptale of K from other sources.
In most soils examined this estimate was much larger than the fall
in exchangeable K, showing tha,t a second ca,tegory oI non-exchange-
able K contributes to uptake by crops. This category of " loosely
held ", or "fixed", K carr be depleted rapidly; it is not known
whether the K is released Irom vermiculite-type minerals which have
fixed K or whether it is {rom some o{ the more highly weathered
planes in hydrous micas which rapidly lose their remaining inter-
layer K and expand u'hen exchangeable K is lost. Because the
estimated releases of " loosely held " K increased in many soils with
the total K contents, and with the amounts of fine-clay, highly
weathered hydrous micas may be important sources of this fraction.

Rothamsted soil releases " native " K very slowly, and the
" loosely held " K may be largely derived Irom accumulated residues
of K-feitilisers held in vermiculite-type minerals. During exhaus-
tive glasshouse cropping, soils from the Agdell Rotation Experiment
releaied non-exchangeable K at rates that were linearly related to
the initial exchangeable K values; this indicates that an equilibrium
is established beiween exchangeable K and " loosely held " K.
Ratios for (release of non-exchangea-ble K) : (fall in exchangeable K)
with Agdell soils are about 2'6 lor top-soils, and 3 8 for subsoils,
v'hethei or not potash fertiliser has been applied. (Arnold and
Close.)

Efects of time of satnlling and pretious crofling on sol'uble polassiutn

Soils from old arable fields rvhere FYM had not been given within
the last 50 years have been examined at difierent times of the 1'ear
and in difielent yrars. Under fallow values for soluble K do not
vary sigaificantly during the year, or from year to year. On soils
witL httle solubie K, crops rvith moderate K requirements (cereals)
change soluble K little; irops needing much K (kale, sw-edes, sugar
beet)-decrease the soluble K values so much that succeeding cereals
showed K deficiency slmptoms rrhen young. This decrease is only
lemporary. and solirble R relurns nearly to the initial level during
the year. 

- 
On soils haring " medium " soluble K the \alues do not

return to lheir initial levels after Srowing crops that need much K,
but the decrease is less than the amount of K remor-cd by the crop.
(Warren and Johnston.)

Measuring " readil,y-aaailable " lotassium
The K status of soils rvas assessed by measuring the K concentra-

tion in dilute solutions of CaCl, shaken with soil. For ca-lcareous
Rothamsted soil cropped with perennial ryegrass in the glasshouse
the uptakes oI K in the first han'est increased stea.dily as the free
energy oI exchange (calculated for the replacement of K by Ca) in
the soils decreased over the range 4,300-3,100 calories/g. equivalent.

67
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Yields of grass were greatest when the energy of the K-Ca exchange
was less than about 3,700 calories. K uptakes by the grass were
better correlated with the energies of exchange than with the ex-
changeable K contents of the soils-

Cotswold soils, examined in collaboration with Mr. R. D. Russell
(N.A.A.S., South-western Region), usually have values for exchange-
able or " easily-soluble " K that axe poorly correLated with the field
performance oI crops. Crops on many of the soils yield baclly and
give little response to K fertilisers; equilibration tests using 0'0lM-
CaCl, as the " blanketing " electrollte gave energies of replacement
of K by Ca in the range 4,500-3,900 calories. By comparison with
Rothamsted soils these Cotswold soils are very deficient in K. In
laboratory tests dressings equivalent to 3 cM./acre of KCI mked
with the Cotswold soils did not change the energies of exchange o{
K by Ca to levels that favour uptake oI K by plants. This may
explain the poor response of such soils to K-fertilisers; larger
dressings of K Iertilisers wiJl be required, or the dressings that are
used should be localised near the roots of crops. With some soils
having high Ca status and high exchangeable K va-lues, equilibration
with dilute electrolyte underestimates the abilities of the soils to
supply K to ryegrass in the glasshouse; until such anomalies can
be explained the technique cannot be applied generally. (Arnold.)

THE VALUE OF PHOSPHORUS AND POTASSIUM RESERWS IN SOILS
OF THE LONG.TERM EXPERIMNTS

A gd.ell Rotaldon E xleriment
The effects of the residues of P fertilisers, accumulated in the soil

during the main period of this Experirnent (1848-1951), on yields of
barley, potatoes ard sugax beet were again measured. Responses
to fresh dressings oI superphosphate in Table I are mears from
experiments in 1959 and 1960. The three crops responded to new

TABLE 9

Mean aro! res|onses to new dressings of superphosphate supplying
1.0 owt. Prouf acre on the site of the Agdell Rotalion Ex?erinLent

]llarturiog and
rotation treat- Barley

ment in old giaitr Potatoes
experiEent (cEt,/acrc) (tons/acre)
., .Clove, 12.7 4.8:totrttr'"tt.* 6.5 5.g

P soluble ir
Sirgarbeet o.5M-NaHCOr

roots mg./100 g.
(tons/a.re) soil

2.7 0.4
3.8 0.4

"" {g:1ffi tt
NPK{$rjL.; l:i i:3

0-7 1.2
1.3 t.5

dressings of superphosphate in the same way as in experiments on
the Exhaustion Land in 1957 and 1958. Barley arrd sugar beet
used residues of P ferti.lisers that had accumulated in the soil during
the main Rotation Experiment (1848-f951), and where these resi-
dues had raised the level oI soil P to I'0 mg. P/loO g. of soil (soluble
in O.5M-NaHCO") fresh dressings of P fertiliser gave only small

1.2 1.2 0.8
2.2 0.5 16
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increases in yiekls of both crops. In contrast, potatoes needed
fresh P fertiliser, even though this crop removed the same amount of
P as barley and less than sugar beet.

The residual efiects of a single dressing of superphosphate applied
in 1959 at I.0 cwt. PrOu/acre were measured on the three crops in
1960. Table l0 gives the amounts of " new " (i.e., 1960) super-
phosphate that were equivalent to the residues of the 1959 dressings.
These figures are derived frorn broadcast superphosphate response
curves for the range 0.6-l'5 cr*t. Ppu/acre on plots where the crops
responded to these new dressings. On the two soils where crops
gave the largest responses to fresh P (clover and fallow sections of
the old unmanured plot) the 1959 dressing had high residual values
for both barley and sugar beet in l9@. (Two oI the lour values
indicated that residues were nearly equal to a new dressing of the
same amount of superphosphate, one value suBgested that the
residue was more efiective than a new dressing.) For potatoes
grown in 1960 the residues of the 1959 dressing were only about

TABLE l0
The resid.ual talues of single dressings oJ supophosphale applied in
1959 al 1.0 eul. Proulacre for oro?s gloun in 1960 (dala are out.laue

oJ neu Pp urcquird to giae the sqme yiells as lhe residues in the soill

]lanuring and rotation treatment
in old erperiment

,- (Clover

PK Clover

half as eflective (relative to a new dressing) as for the other two
crops. Potatoes difier from other crops in ability to use old resi-
dues of P fertilisers that have accumulated in soil. This efiect has
also been demonstrated in work on the very old residues on the
Exhaustion Land. The 196O experiments on Agdell show that it
also occurs with l-year-old residues in the highly responsive soils
of the " unmanured " plots. The soil of the clover section of the
PK plot of the old Rotation Experiment has a higher P status
(barley and sugar beet gave smaller responses to new P), and esti-
mates lor all crops were that the residues were equal to broad-
casting a nerv dressirg of 0'4 c\rt. PrOu/acre. Therefore, for barley
and sugar beet grown on the richer soil, l-year-old residues were
only half as efiective as residues in the poorer soils, but the
residues had the same value for potatoes on all three soils.

The results of the new micro-plot experiments on Agdell in 1959
and 1960 showed several differences from the results of compara.ble
rvork on the Exhaustion Land in 1957 and 1958. On each experi-
mental field the increases in yields given by fresh P fertilisers differ
in the tu/o years; this effect was greater on Agdell, where there was
the extreme behaviour of sugar beet not responding to new super-
phosphate in 1959 on a very P-deficient soil, but a large response
(nearly 6 tons of roots/acre) in 1960. On the Exhaustion Land, but
not on Agdell, a single broadcast dressing of fresh superphosphate
(1.0 cut. Pp"r'acre) increased the yields of crops on the P-deficient

BarIey
0.8
t.5

04

Potatoes Sugar beet
0.5 0.9
0.4 0.6
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soih to the same levels as those obtained on soils enriched with fer-
tiliser residues and which had received the same amount of new
superphosphate. Another difierence between the two sets of results
wa-s in the req)onse curves to nerv phosphate. On the Exhaustion
Land superphosphate supplying l-0 cl*t. Pp"/acre was adequate
for all crops on P-deficient soi.ls. On Agdell, however, some of the
response curves in 1950 were linear up to the highest amount of P
fertiliser tested (I.0 cwt. Pps/acre). In 1960 the highest rate used
on Agdell was 1.5 crt. PrOu/acre, and some oI the response curves
still did not show a maximum.

The Agdeli soil is much heavier than the Exhaustion Land soil,
and this, by making broadcast Iertiliser less accessible to plant
roots, may be partly responsible Ior the difierences in the results
on the two fields. The very high values of the l-year-old P fertiliser
residues (in terms of new dressings) for barley and sugar beet on
Agdell in 196O are partly explained by the new dressings of P
fertiliser being relatively inefiective. The conventional method of
broadcasting new fertilisers is probably not satisfa.ctory for pro-
viding P response curves that will evaluate Iertiliser residues in the
soil, and difierent methods of incorporating P fertilisers are therefore
now being compared. Broadcast dressings of K fertilisers may also
be unreliable, even when used as a basal manure, with crops needing
much K. In the new experiments with P fertilisers planned for 196l
part of the basal dressing of K is being ploughed in, and the re-
mainder rvill be applied during seedbed preparation.

Conlinuous Wheal and. Barley sites on Stachyad Field., Woburr
A 2-year programme of micro-plot experiments was begun to

measurc the value of the residues of P and K fertilisers left in the
soil from dressings given annually between 1877 and 1927 to the
Classical ll'heat and Barley Experiments. The test treatments and
basal manuring were similar to those used on Agdell, but only barley
and potatoes $'ere gor,!Tr. The 1960 results gave two estimates {or
each crop of the separate effects of the P and K residues. The
first estimate was made by comparing y'ields on the plots of the old
experiments after applying a basal fertiliser (NK in testing P
residues, and NP for testing K residues). In the old experiments
each treatment had only a single plot, the old manuring schemes
were identical for the barley and the wheat sites except for difier-
ences in occasional light drersings oI lime on a few subplots; as the
two sites have been cropped and manured (with N only) in the
same way since 1954, there are pairs of plots rvith identical manuring
history for each treatment. In 1960 the plots that have residues of
P fertilisers gave 6 cwt./acre more barley than the old unmanured
plots, but less than I ton/acre more potatoes. The residues oI K
fertilisers had much smaller efiects on barley than the P residues;
on the site of the old \\treat Experiment there was no increase in
yield. K residues increased yields of potatoes by 3 tons/acre.

The second estimate of the value of P and of K residues in the
soils was derived from the yield-response curves obtained with new
dressings of P and K fertilisers. For each crop, and each nutrient,
this second estimate is higher than the first. This difierence is
because nerv fertiliser dressings did not increase 1,ielG on the old
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unmanured plots to the level oI lelcls obtained where the same new
dressings of fertilisers had been given to old Iertiliser plots; as in
the Agdell Experiment, this may be because " adequate " amouats
oI nutrients applied broadcast when making the seedbed are less
efrective than nutrients distributed through the whole soil. (Warren,

Johnston and Penny.)

ANALysEs oF SoILS BuRIED ulopn e Rouel EARTHwoRK

Sarnples were taken in 1959 from soil buried under a. Roman earth-
work ori the Chalk at Winterslow, near Sa.lisbury. The site was
excavated by the Ministry of Works. The mound was porous arrd
very calcareous (75o/o CaCO"); the buried soil underneath was well
dra"ined and aerated. Contents of CaCO", toial K and exchange-
able K were the same in the buried soil and in the surrounding field.
Total N and C and organic P were only one-third as much in the
buried as in the surface soil. If the C and N contents of the buried
soil were about the same when the earthrvork was built as they are
now in the surlace soil, approximately 6G-70/o of the C, N and
orgaric P has been mineralised in 1,50O years. Iuuch of the mineral-
ised organic P has been retained by the buried soil as inorganic P
soluble in O.5M-NaHCO,. Similar changes may occur when well-
aerated soils on the Chalk are cultivated. These soils contain
much P. perhaps Dartlv because inorganic P, derived from the de-
compositibn of brginic 

-ma.tter, 
is adso;bed on the surface of CaCO".

(Mattingly and Williams.)

MecNrsruu

Magneshon in basic slags

As the nutritional disorder in ruminants called hy'pomagnesaemia
mav be related to the ItIg contents of soils and crops, and because
basic slag is widely used on grassland, the value of the trIg in a few
slags was investilated in greenhouse experiments with Perennial
ryegrass. Four sandy loams having the following characters were
used:

Exchangeable IrIS I
pH (m. eq./100 s.)
4.0 0.07
5.1 0 28
6-8 0'37
i.4 0.1{

* Itr N-a:Dmonium acetate.

Two Open-Hearth slags and one Bessemer-process slag were used,
they contained:

open-Ilearth {
Bessemer...

Total Total 1I8 soluble in
Ca }fg l% citdc acid

\o. (%) l%) e/.)

I ll 5.{ 4+
2 27 5.9 3l
3 33 t.2 55
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The experiments tested thee levels of MgSO. as standard; there was
also a test of three levels of CaCO, to value the liming efiect of the
basic slags.

Magnesium-deficiency s).rnptoms on the grass were most severe
with tlE rrcry acid soil; they were unafiected by CaCO, &essings
or by Bessemer slag, but the gTass was normal where MgSOn or
Open-Hearth slags were applied. Slight s1'rnptoms of Mg-de-frcie'ncy
on the alkaline soil appeared after the frrst curting where no Mk
had been given. All the sources of }lg had onl]. small efrects on
yield of grass with all soils except the very acid one, with which alt
Mg treatments increased yield and slag I u.as superior to slag 9 in
one experiment; on this soil Bessemer slag also gave much 

-lower

yields than the two Open-Hearth slags. Tht amounts of Mg in the
crops were measured by A. \\'eir (Pedology Department). Mag-
nesium uptakes were compared in pots u'ith slags and in those wheie
lirning had given the same pH values. The iollowing results are
averages of three experiments with the very acid soil ind one with
each of the other soils. The second Open-Hearth slag tvas superior

Petcenlage " magnesiun sulphale equioalents " for tuo basic slags
(atnounls of Mg (gioen as MgSOr\ that would haoi gioen lhe same )lp
uflahe as lhe basic slags, exprcssed as o/o of total Mg srpilied lrJ the slsd

Cut I Cut 2
23
54

Slag I 2l
SIaS 2 40

in all experiments, an-d continued to release Mg a.s the experiment
progressed; slqg I did not release more Mg after the first iut with
the acid soils, but uptake by grass on the alkdine soit continued.
The uptake of trIg decreased with increasing Ca tevels in the soils
oI pH 5.1 and 6.8 and for the lower level of Ca on the alkaline soil.
Increasing the CaCO, level (up to 8 c$.l./acre) of the very acid soil
increased Mg uptake during several cuts; with more CaCO., which
raised soil pH to 4.9, Mg uptakes did not alter further. ?art at
Ieast.of the_ Itlg in basic slags is clearlv available to grass. \lrhere
dressings of 5-10 c\trt./acre of Open-Hearth slags of the kinds tested
are applied, 25-50 lb.lacre of Mg wiU also be su"pplied; even if onlv
a proportion of this Mg is available, as in these iiperiments, it majr
have a worthwhile eftect on crops troun on ltg-d;6cient soils. Nir
general advice can be given without much more rvork, because,
even for slags of similar Mg contents, the value o[ the Mg to croos
laries for unexplained reasons; Ca-trlg interactions, .u."h ". *eie
demonstrated here, uill also afiect l{g uptake. (Heintze.)

Magnesium in soils

- Little of general use is known of the Mg status of British soils,
but reports of llg-deficiency in crops on certa.in soil tr,.oes are com-
mon. Information is needed on factors that sor.ern "t'he suoolv of
Ilg to crops and on the need for Mg fertiliseri. Work has'6eiun.
in parallel with existing work on soil K, to determine the nai'ure.
importance a.nd properties of fractions of soil IIg. (Salmon and
Amold.)
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The efect of nitrogen fertilisers on magnesium conlenl.s of grass

In a field experiment at Wobum in 1959 ammonium sulphate
and sodium nitrate were supplied at 1.0 c$t. N/acre and tested
rvithout Mg and with magrresium sulphate suppllng 93 lb. Mg/acre.
The grass had the following Mg contents:

Without nitrogen
\\'ith ammonium sulphate
With sodium nitrate ... ...

Without With llg
llg to gra.ss Danuring

o/o of llg in dry matter
0.101
0.146
0.164

o sos
0.209

%
3.t4
3.38

3.07
3.07
2.80 0.3r r72
2.A7 0.30 1.88

The amount and form of N manuring can obviously greatly afiect
the Mg content oi grass, but much more work is required to
establish general principles. (Nowakowski and Otter.)

MorvsorNuu

The 1959 luceme of the Ley-Arable Experiment on Highield
contained only 0.1 p.p.m. of Mo (Rep. Rothamst. ex|. Sta. Ior lg5g,
p. 56). In 1960 strips of the 2-year-old lucerne in both the High-
field and the Fosters Field Experiments were sprayed three times
rvith sodium rnolybdate at 4 oz.lacre; the first spray was when the
crop was half-grown before the first cut, and the second and third
were immediately after the first and second cuts. Table lI gives
analyses of the cuts. (Mo rvas not determined in the first cut as there

TABLE ll
Amounts o! Mo, N, P and K in dly ,nalter of lucerne from lhc

Rothausted Ley-Arable Erperimeuls

Highlield Expedment
Ito \ PK

Fi*tc,t {+il:}:..
secotrd cut {;l[] :.:

ru,a *t { lll!} '

Fi*t *t {til8} :..

secoad cut {;lX:} :..

rhnd*t {;ll|} :..

(p.P.mJ

o.0l
0.40
0.03
0.29

Fosters Field Experiment

o.24 2.94
1,05 2.95

0.32
r.88

0.35 2.28
0.36 2.26

3.10
3'36

0.36 2.20
0.37 2.20

2.71 0.32 t.86
2.45 0.3r t.93

was risk of contamination by the spray, N determinations for this
cut were on the uppermost Browth; the lowest gro*th was excluded
in samples from the second and third cuts.) The sprayed and un-
sprayed luceme looked alike, and yields were not increased by the
sprays. Mo contents of lucerne on unsprayed plots on Highfeld
were even lower (0.01 and 003 p.p.m. Mo) than in 1959. Applying
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sodium molybdate increased Mo to 0&{4 p.p.m.; this did not
afiect N, P and K contents o( the lucerne, which were normal and
similar to values for luceme in the Fosters Field experiment, where
the levels of Mo were much higher. The very low Mo content of
untreatedlucerne on Highfield had not afiected N fixation. (Warren,
Johnston and Foale.)

Auer'-rrcer Wonx

NaJuruJ r adioaclitrily in soils

A scintillation counter Ior the assay of the natual F- *d y-
radioactivity in soils was designed and made in collaboration with
B. Edwards (Workshop). The counter consists of two parts: (a)
The sample holder, which can receive 10O-30O g. of dry soil, has an
interchangeable face so that it can be used with difierent solid
phosphors: (6) the photo-multiplier tube assembly incorporates a
Finch diameter EMI 95308 photomultiplier tube with associated
voltage distribution circuitry and cathode Iollower unit. The whole
assembly is housed in a deeplreeze unit at 0'. (Talibudeen.)

Detzraining oafion in aqueous ertraols ol soil olganic mafrct

A method for determining carbon in acid or alkaline extracts oI
soil organic matter without preliminary concentration was de-
veloped. The solution is adjusted to pH 4, boiled to drive ofi
absoibed CO, and cooled: excess sodium persulphate is added and
the solution boiled. The evolved gases are bubbled tfuough satur-
ated KI solution to remove halogens, over hot CuO to oxidise CO to
COr, dried over MgClO., and CO, is determined gravimetrically by
absorbing in soda-lime. The organic carbon in Ar-HCl: Ir'-HF
extracts of soil can be determined by this method, even when they
contain only 50 mg. organic carbon/litre. (Jenkinson.)

Medsuring lou phosPhate aoncenlralions in the presence of much
electrclyte

Colorimetric methods for measuring phosphate in the range 0'04-
4.0 p.p.m. P are very insensitive when M-KCI solutions are used.
A method of using Cl'-saturated anion exchange resin and standard
r2Plabelled phosphate solutions containing M-KCI was developed
to overcome this difficulty. The solutions were shakeu with resin
for varying times and at difierent resia: solution ratios. The frac-
tional activity in solution under the conditions tested was a linear
function oI: (a) log of phosphate concentration i (D) log of time of
shaking; and (c) resin: solution ratio. The relationship between
the fractional activity left in solution and the izrTia, phosphate con-
centration was steeper with smaller reaction times. Resin : solution
separation is instantaneous, so the method is simple and rapid, and
its accuacy depends only on the accuracy of reproducing the weight
of wet resin. The resin: solution ratio used at present is 80O mg.
wet resin : l0O ml. M-KCI containing between 0'04 and 4'0 p.p.m.
of P. By decreasing the resin: solution ratio and the time oI
shaking, phosphate concentrations <0'01 p,p.m. can be measured
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in the presence of other electrolytes. The method could be used to
determine isotopically exchangeable lorms of phosphate in solution
when they are mixed with soluble non-exchangeable forms that are
hydrolysed by the acid treatment necessary in colorimetric measure-
ments. The method could also be used to a-ssay ions of other
elements for which there are suitable radio-isotopes. (Vaidyanathan
and Talibudeen. )
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