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InEoduction

The largest effort in the Department continues to be on yield variation and the related
work on nitrogen. This work is now at the stage where we are attempting to define the
reasons for the measured variations of yield between sites. As part of this, our interest
in the potential yield losses due to water stress is increasing, though we do not believe
that they are necessarily large. However, uncertainty on this poiut has persisted for many
years, and it appears timely to attempt to get clear answers to this question on major soil
types. For this reason our work under rain shelters is growing. Work on root-soil relations
has measured the water relations of root hairs, as part of the study of their value to roots.

The 'Nitrogen-Balanc€' method of predicting the best rate of nitrogen discriminated
between sites as well as in previous years, but slightly underestimated the best dressitrgs.
This method, in association with computer modelling of soil nitrogen changes, oflers the
possibility of a fully integrated method of predicting nitrogen requirements on individual
fields, and tests of it on a range of sites have started in association with ADAS. In the
work with r5N, an important result is the finding of a loss of applied fertilizer soon after
application to wheat in spring, and that the size ofthe loss is related to the rainfall shonly
after the application. Other work with 15N has explained the difference in the 'efficiency'
of nitrogen fertilizer as measured by rsN and by conventional means, which needs

careful attention in view of the economic and political implications of this subject.
There are now few significant practical problems relating to potassium fertilizers, but

very large sums are saved by the ability of some soils to release potassium to crops. To
define this prop€rty more closely soils from a number of long-term field experiments
have been used to test the cation exchange resin extractioD method developed here. It
correlates well with the long-&rm off-take ofpotassium, but in some tests a much simpler,
newly developed acid extraction technique was even better.

A great deal of work on mycorrhizas has been reported this year, including a 3-year
study of infection in cereal crops, where it appears to be of moderate importance for
phosphorus nutrition. The work now in progress is giving a much clearer fundamental
understanding of the processes involved in spread of infection.

The programme on metal toxicity in sewage sludge is developing rapidly. A particular
advantage to this work is the old Market Garden experiment at Woburn, which received

metal+ontaining sludges up to 1961. We are now testing the behaviour and availability
of the residual metals, on a site which is almost unique in this type of work. It is hoped
that there may be the opporhrdty to carry out trac€ element analyses on samples from
the Soil Survey's programme, and pilot work for this has shown interesting and poten-
tially useful correlations between total and 'available' trac€ metal levels in certain soil
series.

The mathematicat approach to spatial variation mntinues to be applied to several

facets of the Department's work, including soil structure and leaching processes. Much
pedological work is reported this year, with stress on pedogenesis of soils atrected by
loess deposition. Two studies are relevant to archaeology, one being on a 'dark earth'
layer found on urban centres of the post-Roman p€riod.

Studies on yield variation

Our studies on factors affecting yield and the capacity of ditrerent soils to produce high
yields continued. A major problem in comparing soil types is that the weather is almost
always diferent when sites are separated. For this reason we have concentrated on sites
grouped within 25 miles of Rothamsted, with the exception of Saxmundham, which
is included because of our extensive experience with the diftcult Beccles series soil.
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However, even small distances between sites can cause rainfall to be significantly ditrerent,
and this year we compared two sites close together on Woburn farm with yery different
soils.

A further short-distance comparison was made at Rothamsted. In previous years
three wheat trials had followed potatoes, but in 1982 oats and barley were the precursor
crops, to allow a test of the effects of take-all (see Multidisciplinary section, p. l9). To
maintain continuity of resuls, and to allow a comparison between the very different
nitrogen regimes established after the different pr@ursor crops, we established a smaller
wheat experiment following potatoes in 1982, on the same (Batcombe) series. We thus
had eiglt sites in all: two at Rothamsted, t}\,o at Wobum, and the usual four .outside'

sites.
The best yields were generally lower than last year, and only the Hexton and

Saxmundham sites had treatment combinations with over l0 t grain ha-r. This is puzzling,
because the national yield was greater in 1982 than l98l; however, yields in the Hert-
fordshire area were not particularly good.

The aim of obtaining more definite information on the yield loss due to drought is an
important part of Four-Institute Yield Yariation programme. As part of this, an attempt
is being made, in collaboration with rtre Soil Survey, to determine the overall national
picture from existing records and a simple drought model (p. 260). Much $eater stress
is also being placed on work under static shelters fu. 259) in a coordinated programme
with work in the mobile shelter on Little Knott (see Physics Department Report). This
has given important information on rooting and water extraction during drought, but
the loss of radiation under a static shelter must always make this an imperfect iesearch
tool, and we are now investigating the possibilities of cheap mobile shelters.

Comprrisotrs b€twcen sites

Wua follow g oas, fu ey ot potatoes, at Rorlrazrs,cd. During 1979-81 the wheat in
the multifactorial experiments at Rothamsted was growtr after potatoes, but in 1982 it
followed either barley or oats to assess the importance of soil-borne diseases. A smaller
wheat experiment following potatoes was made in 1982 on a different field, but on the
same Batcom& series. Three factors, sowing date, N rate and N tining were common
to this experiment and to the multifactorial one, and the variety on both was Avalon.
Although amounts of fertilizer N were different on the two sites they were calculated to
give the same total N supply after taking into account soil mineral N (p. ZOf).

The comparison of these crops following oats, barley and potatoes is interesting. The
lower yields following barley are presumably due to take-all (se€ p. 258). It is remarkable
that the early grofih after potatoes was the best, by up to 70 %, but that the crop fotlowing

TABLE 1

Yields of wheat grain at 85% DM t hrl
(data are for plots receiving fungicide)

Field ct. Knott I
Previous crop Oats

Gt. Knott I
Barley

2219 22lto

N applied early
4.67 5.25
6.16 6.28

N applied late
4.7t 4.91
4.36 4.83

Pastures
Potatoes

Sowing date 2219 221t0 2219 22lt0

7.85 7.157.87 1'76

7.64 6.88
a.26 7.s6

7 .90
8 .60

NI
N2

N1
N2

8.35
8.66

7.66
8.t I

8.15
8.93
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oats caught up, and its best leld (fable 1) exceeded that following potatoes by 0'6 t ha-r.
In alnost all cases the b€st yields were obtained with the N2 rate, as the 'balance method'
of prediction appeared to underestimate demand slightly this year (see p. 262). At the N2
rate, the crop after potatoes followed the pattem of previous yeals (also afrcr potatoes),
with the best yields being for late applied N for the early-sown crop, but early applied
for the late sown. The crop after oats was diferent, with early applied N best for both
sowings, but especially for the early-sown. The soil contained much more NOs-N in
wint€r and in spring after potatoes than after oats, and there was mor,e NOrN in the
sap of the wheat stems. The response to the second rate of N was almost exactly the
same after both oats and potatoes, but there may have been a remaining N deficiency
after potatoes, as yields were still rising slowly at 175 kg N ha-r.

We are awaiting the detailed soil and crop analys€s for nitrogen to see if they can
explain these results. It may be important that much of the N supply after potatoes was
distributed down the profile, as it was residual N, whereas that for wheat after oats was
almost all near the surface, as it was applied as fertiliz€r. @enny, Widdowson, Darby
and Hewitt)

Wba on a saady wrsas *hcd on a clott nil, a, Wobun" Six factors were tested on
whter wheat following potatoes on two very cotrtrasted soih ffable 2).

These data together with growth analysis, have yet to be studied in detail (see Multi-
disciplinary Section of the Amual Report). Table 3 shows comparable grain yields from
three of the factors tested both in the Rothamsted and in the Woburn experiments,

'n^iDly to show the similarity of yield and the different effect of irrigation on the four
sites. As usual, irrigation on the Rothamsted sites caused a loss in yield in almost all

TABI.E 2
The efect of six factors on grain yiekl, t ho-L at 85/. DM, of Aoalon winter vrheat at

Wobura, in 1982

Soil:

Factor teited
l. Sowing datc

23 Septlobc'
23 Oc{ob€r

2. Total N kg ha-r
N1
N2

3, N tirDe
Esrly
tata

4. Whtlr N kg ba-l
Without
with

5. ItriSrtio!
NoDp
Fbll

6. Aldica.b (5 k8 b8-1 to seedbed)
Without
with

Butt Clo6c
saody,

CrttcDhrE scri€s

1-57
7.43

(t2o).6.69
(180) 8.32

1-55
7-45

(0)' 5'91
(6()) 8.09

1 .16
7-U

7-4o
7.@

Broad Mead
saody+la1
Btithe scri6

8.2.
7.76

(30)" u'
(90) 8.3t

7.n
8.01

(o)' 7'85
(30) 8.13

8.00
7.98

7.72
8-26

Field
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TABLE 3

Yields of wheat grain at 85% DM, t hrl
(data are for plots receiving aphicide aod fungicide)

Field
Previous

crop

Sowing date

Gt. I(nort I
Oars

Pastures
Potatoes

Broad Mead Il
Potato€s

-_N 
rates (kg ha-r): 150 and 2m, cre3r Knott; 70 and 140, pastur€s; 45 aod 105, Broad Mead; 150 and

210, Butt Close

treatments, and also on average. Effects on the sandy clay at Wobum were generally
very small increases or a decrease. On the sandy soil at Wobum there were positivi
responses to irrigation, particularly at Nl rate for the early-sown wheat and at the N2
rate for the late-sown wheat. This confirms much other information suggesting that in
an averagely wet year only crops on sands or coarse sandy loams respond to additional
water. The shelter work (p. 259) indicates that even when crops are stressed by complete
droughting, on this Batcombe soil they obtain sufficient stored water to suffer only a
small yield loss. (Widdowson, Penny, Darby and Hewitt, with Welbank and Thorne,
Botany Department)

Field experimentstion on outside sit€s. In addition to the experiments made at Rotham-
sted and Woburn, less complex experiments were again made at Saxmundham in Suffolk
and on the same private farms used in 1981. Each tested a combined treatment of fungi-
cides and systemic aphicide, with none and four levels of nitrogen fertilizer applied either
singly or as a divided dressing (on two varieties, and following two different previous
crops at Saxmundham). The rates of nitrogen, chosen to give the highest yield at the
third level of N, were based on previous cropping and soil analysis for mineral N. The
varieties used were Avalon (3rd cereal) sown 3l October at Billington, Norman (llth
wheat) sown 3 November at Maulden, Longbow (lst wheat) sown 15 October at Hexton,
and Avalon and Norman (both lst and 2nd wheats) sown 13 October at Saxmundham.

Regular measurements of rainfall, dry matter and nitrogen accumulation, disease
incidence, soil water content, soil mineral nitrogen and plant stem nitrate were made on
all sites except Saxmundham where fewer stem nirate and no soil water measurements
were made- Grain yields were measured at all sites. Some of the data are still to be
processed. The main results are given below.

YicU oad fuf nattet. Dry matter accumulation in all experiments was exponential
from the end of March to anthesis when it became linear before declining in mid-July.
The patterns of dry matter accumulation were similar at Billington and Maulden, giving
maximum dry matter yields of 12.1 t ha-l at Billington and 13.4 t ha-r at Maulden.
The accumulation rate at Hexton .r as 30 % larger for the same period, giving a maximum
DM yield of 17.0 t ha-r in late July. At Saxmundham, following winter beans, dry matter
yields of 15.6 and 15.5 t ha-l were achieved by Norman and Avalon respectively. How-

,, 
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Woburn

231102219

7.93
7.89

Nl 7-16 7-54N2 7-78 8.18
7.56 6.96 7. 7.@
a.u 7.58 8.78 7.@

Butt Close I
Potatoes

2319 23lr0

7.52 6.s7 6-m
8.30 8.1I 7.76

7.20 6.788.,O 9.m

NI
N2

2219

7.74
8.60

22lto

8.36
8-62

z.lro 2319

Not ir.igated
7.O7 7.O
7.75 E.56

IrriSated
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ever, when they followed wheat the maximum DM yield differed considerably between
varieties; Norman achieved 12.0 t ha-1 whereas Avalon accumulated only 8.9 t ha-r.

The best combination of treatments produced grain yields of 11.06 t ha-l at Saxmund-
ham (mean of two varieties, after beans), 10.17 t ha-lat Hexton, 8.21 t ha I at Maulden,
S.lltha-l at Saxmundham (mean of two varieties, after wheat) and 7.63tha-r at
Billington. Applying the nitrogen fertilizer in two dressings gave significant improvements
in yield of0'60 and 0.28 t ha-l at Billington and Maulden.

Plant numbers m-z in March were only ll4 at Hexton, and 155,216, m5 and l9l at
Maulden, Billington and the two Saxmundham sites respectively. The crops compensated
for low plant numbers, and by anthesis the ear numbers m-2 stabilized at 286, 351, 380,
333 and 426 at Hexton, Maulden, Billington and the two Saxmundham sites respectively.
@arby, Widdowson, Penny and Hewitt)

Diseases. Foliat pathogens were not prevalent on any site, mildew was present in
trace amounts at Maulden and Hexton and was slight at Billington where Seprorr4 rf,as
also slight. Eyespot and sharp eyespot were present but trot severe at any site. Take-all
was common at Maulden and Billington, nearly half the plants were infected though
mostly only slightly so. The combined fungicide and aphicide spray treatments provided
a good control of leaf diseases but failed adequately to control Bottytis aad Fusar an
spp., which infected the ears of many crops in Hertfordshire and Bedfordshire and to a
much lesser extent in Suffolk. On average the disease control programme prevented the
loss of betwe€n 0.26 and 0.90 t ha-l. (Prew, Field Experiments Section, with Darby)

TABLE 4

Yield of grain at 85% DM, t hrL
Experiment

Aphicidei Fuagicide
N (kg ha-t)

Nil
70

lm
130
160
190
2m

Nooe Sprayed None Sprayed

Hexton

None Sprayed

BilliDgtoo Mauldcn

8.26
9.O7
9.16
9.19
,.ot

Experioetrt

Prcvious ctop
Aphicide/Fungicidc

N (kg ha-l)
Nil
70

100
130
l@
190
2m

NoD€ Sprayed
2.32 2.45

None Sprayed
7.54 7-91
9.19 9.59
9-43 10.25
9.90 10.55e.6r ,ojt

8.s9
9.80
9.93

r0.08
,o:,

6-A
6.37
6.85
7.47

3.53

6.63
6- 57
7.00
6.91

6.15
6.90
7 .41

7-51

3.78

6.93
6.89
6.89
7. so

4.43

6.68
6.83
6.85u.!

4.55

7.57
7.71
7.U

'l
w' Wheat W. Beans

Nihate N h wheat stems. This measurement has been shown to relate to the
concentration of nitrate N in the soil. It is regarded as an indication of the immediate
plant N status and as a possible method of determining whether N fertilizer is needed.
The contrast between potatoes and cereals as preceding crops showed clearly in the
Rothamsted experiments. The average after cereals was 810 pg 8_1 in February, declining
rapidly to 280 (8 March) and 5 (12 April) when no fertilizer N was given. In contrast,
after potatoes the value dectined on the same dates, from 920, to 830 and 340 pEg-l.
258
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However, the addition of 100 kg N ha-r to wheat after potatoes only raised the level
to 5510. On the Woburn exlrriments values declined in the same way, and reached zero
where no N was applied, on 2 April on Butt Close and 12 May on Broad Mead. On
outside sites they reached zero on 30 April at both Billingon and Maulden, but not until
8 July at Hexton. Fertilizer N application increased these levels for a time at all sites,
and they remained above 200 pg g_r at Billington and Hexton as late as 22 July. The
relatively poor yields at Billington could not therefore be due to shortage of nitrogen.
@arby, Widdowson and Bird)

Winter wteat crop model. The computer model described last year (Rothamsted Report
for 1981, Part 1, 248), with the addition of a new grain-growth sub-.model, was tested
against crop gowth from the 1979, 80 and 8l WW3 factorial wheat eq)€riments
(Rothansted Report for 1979,Parl l, 17,for 1980,Part l, 17, arLdfor 1981,Part l,19).
The data were for early- and late-sown crops of Hustler winter wheat, excluding those
plots where disease or lack of N or water were thought to have reduced yields.

The periods between growth stages (phases) were compared for simulated and observed
values for the six crops. When grouped into early- and late-sown crops the average
simulated phase lengths were within 2 days of the observed for sowing to emergen@,
emergence to double ridge, double ridge to anthesis and aDthesis to maturity. Thus the
model simulates well the shortening of certain phas€s with late sowing on average, but
it is somewhat less successful in predicting individual crop development.

Tiller growth was simulated using an assumed shoot production rate and an emerged
plant population of 250 plants m-2. The numbers of ear-bearing shoots at anthesis
for early- and late-sown crops,64l and 617 m-2, exceeded observed numberc by l2l.

The canopy leaf area was simulated by growing leaves to maximum sizes on each main
shoot and tiller. For early-sown crops the simulated leaf areas slightly exc€eded the
observed leaf areas, whereas those ofthe late-sown crops fell a little short ofthe observed.
This is probably the first time that a wheat crop canopy has been simulated in this detailed
way, and at present there are very few crop data on which to base the model.

The simulated total weights of the mature crops depend on the success of modelling
the growth of the leaf canopy. In fact agreement was good; the average weight of the
early-sown crop at maturity, 2035 gm-2, exceeded the observed weight by 270 gm-2,
whereas the late-sorm, 1541 g m-2, was I l0 g m-2 less than the observed.

In the new gain-growth sub.model, ears wene glowtr during the period of 18 days
before anthesis by increasing linearly from 0 to lm % the proportion of daily net assimi-
late diverted to them. After anthesis all new net photos)mthate went to grain production,
and, in addition, a fixed proportion of stem and leaf weight at anthesis was regarded as a
pool for either grain growth or maintenance respiration. An interesting consequence of
liDking a temperature-dependent grain growth rate with the thermal time total for gain
growlh is that the temperatue during the period from anthesis to maturity sets the
maximum grain weight. The average simulated grain leld of the early-sown crops was
893 gm-z,T lgreater than observed, whereas that ofthe late-sown, 768 g m-2, was 3 I less.

The model has thus combined initial data from many wheat crops to produce good
simulation of the growth of crops that have a narrow range ofyields. We wi.ll now model
against data from a wider range of conditions, and incorporate limitations to growth
from shortages of water and N. (Weir and Rayner with Dr P. L. Bragg, ARC Letcombe
Laboratory and Drs J. R. Porter and W. Day, Long Ashton Research Station)

Effects of water shortage

The cfecls of thouglt on growrh of w aer whcct uadcr a fixed sierren The mobile
shelter sited on Little Knott I was used this year to study the effects of drought oa
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winter wheat (see p. 176). An adjacent area was used for root and shoot growth measure-
ments of the same variety of wheat, Avalon, and with similar main treatments. The soil
is a silty variant of the Batcombe series, and is thus suitable for detailed soil and root
measurements, but it also has a large water holding capacity.

The crop was covered at the end of March with a fixed polythene shelter to exclude
all rain. Temperatures under this shelter stayed near ambient, but the shelter interc€pted
much light, so that the crop received only 65 % of the incident radiation, \vhich probably
caused the 20 f reduction in dry matter yield below that under the mobi.le shelter.

The soil in one halfofthe experimental area was brought back weekly to within 25 mm
of its drained capacity by irrigation, and the other half received no water. Top growth and
roots were sampled, and soil waGr contents monitored with a neutron moisture meter-
At harvest in early August grain yields were 520 and 490 g m-z (6'l and 5'8 t ha-1 at
15 % moisture) for irrigated and droughted crops respectively.

The irrigated crop transpired 295 mm of irrigation water and a further 40 mm of
stored soil water, mainly from the upper 0'7 m of the profile, but with small amounts
extracted down to a depth of at least 1'6 m. The droughted crop extracted 220 mm of
stored water from the soil. Water was extracted down to a depth of at least 2'0 m,
although only 3 mm came from between l'8 and 2'0 m, and 24 mm from below l'4 m.
Water was extracted from near the surfac€ first, and the soil between l'6 and l'8 m did
not start to supply the crop with lvater until mid-June, and that below l'8 m not until
the beginning of July.

Roots had penetrated to at least I m depth, were 6.4 km m-2 in total length and
weighed .14 g m-2 by March. Sixty per c€nt of these roots were between 0 and 0'2 m
depth. By anthesis, roots had penetrated to 1'8 m for both treatments, but45% of root
length was b€twe€n 0 and 0'2 m depth and only 8f below l'0 m. Droughting reduced
rootweightsby8f,froml63tol50gm-2,andlengthsbyl6)(,from26.7to22.4km-2.
Most of this reduction occurred in the top 0'4 m of the soil, where specific root length of
the droughted crop was smaller. Below 0'4 m root growth was very similar for the two
treatments and there was no evidence of compensatory root growth at depth by the
droughted crop. (Barraclough, Kent, Norrish and Weir)

Yield loss sssessment in wider toheot with a model of drought. It has been proposed
(Ihomasson (1979), Soil Suraey Technical Monograpl, l3) that the soil and water relations
of a crop can be summarized by (water available in the profile for that type of crop, AP) -
(the maximum potential soil moisture dencit for an appropriate period, MD). This was
tested on reported wheat yields from a group of Experimental Husbandry Farms for a
period including the very dry yea;r 1976.In wet and average years the winter wheat yield
was very variable, but only weakly related to AP-MD for these farms. In dry years the
yield tended to fall as AP-MD fell. This 'yield loss' is rather larger (in t mm-1 of water),
than estimates of maximum theoretical benefit from irrigation.

A more extensive study of soil supply and wheat growth has been started to take
advantage of new sources oF spatially defined information, and better methods of
handling such information, that are just becoming available- These include the transfer
of agricultural census information reported by parishes to national grid defined squares,
and the l:250 000 Soil Survey countrywide map which will be published in spring 1983

and is currently being prepared in a computer-readable form. This will give the soil
grouping, for any location, from which proflle-available water can be estimated.

With this information we aim to identify that part ofthe area sown to wheat that would
be likely to suffer loss from drought in any specified fraction ofyears, and thus to assess

the effect on the national crop. (Rayner, with Thomasson, Soil Survey)
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Inv€stigstioG on niEogen

NiEogen requirement prediction

Mircral nitrogen ia soils under wi er wheat dairA whter aad spring. Soils on all eight
sites in the Yield Variation Group (see p. 28) were sampled to 90 cm depth at crop emerg-
enc€ in autumn, and at least twice in spring, to measure NHa-N and NOo-N. On 6 October
the soils under the September-sown wheat on Rothamsted sites contained only 20 kg
NO3-N ha-1 after oats, but 156 kg ha-l of NO3'N after potatoes. There was more NOs-N
under October-sown that under September-sown wheat until 15 April by when, 40 kg
NOrN ha-r remained under the October-sown wheat following potatoes, but little
under the others.

As before, NO3-N accumulated in the lower horizons under the October-sown, but
not under the September-sown wheat, presumably because the roots ofthe latter extracted
it from depth. Again, on a clay loam, early sowing increased uptake and so diminished
the chances of NO3-N being lost either by leaching or by denitrification during winter.

At Woburn much rain fell soon after the September sowing, and on 6 October only
64 kg NOrN ha-t were found in the sandy soil, whereas there were 250 kg NOs-N ha-t
in the sandy clay. At Saxmundham and at Hexton, under the wheat following a legume,
soil NOs-N contents in November were large (96 and 136 kg NO3-N ha-1 respectively),
but declined to 74 kg NOs-N ha-1 at Hexton and 22kgNOrNha-r at Saxmundham
in April. Where wheat followed one or more previous cereal crops, two of these soils
contained only 30 kg NOs-N ha-1 in December, but ll0kgNOa-Nha-l was found
at Maulden, where old pasture had been ploughed I l-12 years ago. However, in spring
amounts after cereals varied between 20 and 60 kg NOrN ha 1.

These results are now being modelled with the improved leaching/mineralization/crop
uptake model described below. First indications are that it will be at least as successful
as last year, in that the mineral N in the profile in spring, and that taken up by the crop,
can be modelled starting with information on nitrate in the soil in autumn. (Widdowson,
Darby and Bird)

InEroved leachiry and ,rirtogen requircme prediction nwlels. The leaching model
based on the concept of mobile and immobile soil water phases (Rothamsted Report for
1976, Part l, 87) was incorporated in the model for prediction of nitrogen in the soil
profile under winter wheat (Ror&amsted Report for 1981, Part l, 251-252'). The original
form of the leaching model assumed that the profile had been recharged with water at
the start of the run and did not dry out appreciably during the winter. Running the
model from the time of harvest ofthe preceding crop may have the advantage of elminat-
ing the ne€d for autumn sampling, because it may be sumcient to assume that little
mineral N is left after a cereal, and that standard values can be found for other crops.
The leaching and prediction models have therefore b€€n modified so that they are able
to start with a dry proflle, and the latter has also been modified to allow for water removal
through the roots and for the effects of soil drying on N uptake and mineralization of
soil organic N.

The original form of the leaching model assumed that, after the downward movement
in the mobile phase, the solute concrntrations in the mobile and immobile phases were
equalized. A more correct but complicated form (Rothamsted Report lor 1979, Pafi I,
235) modelled the movement between the phases explicitly as diffusion from aggregates,
and this has made it possible to predict how close to equilibrium the solute conentrations
would become, and to use these values in the simpler leaching model and in the prediction
model. (Addiscott and whitmore)
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N*ogen balzme system. The third component of the predictioo, system (Rothansted
Report for 1981, Part l, 250) is the calculation of the best rate of N fertilizer from the
known levels of mineral N in the soil, crop N content, and crop yield aimed for. Again,
this year all our Yield Yariation trials recrived rates of N designed so that the penultimate
one was expected to give tie maximum yield. This was extremely successful for non-
sprayed crops (fable 4, p. 258), but crops sprayed with fungicide responded to more N,
and for these the prediction was low by 20..-30 kg ha-r. The efficiency of added N appears
have been a little low this year, for reasons we do not yet understand.

N conc*ntration of grain and grain yield in recent wfuter-whest experimetrts itr England and
Belgium. Our graphical method of presentation of grain-N/yield relationships (Benzian
& l-ane, Joumal of the Science of Food and Agriculture (1979), $, 5F70) was applied
to results for modern high-yielding varieties grown in England and Belgium in 1980 and
1981. Yields exceeding l0 t ha-r were obtained on many of the English pesticide-treated
plots and at one of the Belgian sites. The envelope curve on our earlier graphs of grain-
N f plotted against yield included most of the recent data points, but not some ofthe very
large yields with low grain-Nft values. The largest gain-N uptakes were 180 to 190
and 170 to 180 kg ha-t in the recent Rothamsted and Belgian experiments respectively,
compared with 160 and 170 kg in the older experiments.

A near-linear relationship between grain-N I and amounts of fertilizer N was again
observed in these experiments, with about 38 kg of added N needed to increase grain-N
concentrations by 0.1\, @enzian, Darby and Widdowson, with Lane, Statistics
Department, and Ir L. M. J. Verstraeten, Katholieke Universiteit ofleuven, Belgium)

Studies with rsN labelled fertilizers
Ihe cfea of additbns of ircrgaaic lenilizer N oa thc sapply of inorganic N trom the soil.

Experiments with 1sN labelled fertilizers often show that the addition of fertilizer increases
the uptake of N from the soil reserve by the crop, sometimes called a 'priming eflect'.
We are investigating this effect in soils incubated without plants, in pot experiments with
plants and in the fleld. Only the first two are reported this year.

After IsN-labelled (NHl)zSOl was added at the rate of 58 pg N g_1 soil and incubated
for l0 days the soil had contributed 4.3 pg unlabelld, NHr-N per g soil; the control
soil to which no NHa-N had been added produced only 0.3 pg, giving a 'priming effect'
of 4.0 pg. However, this was oDly an apparent effect, as the net nineralization of N by
the soil receiving NHI-N was slightly less than that of the control. The 'priming effect'
arose bause labelled NHE-N substituted for unlabelled NHI-N that would otherwise
have been immobilized. Sinilar results were obtained in soils that were fumigated to
prevent nitrification. (Shen, Pruden and Jenkinson)

Spring wheat was grown in a pot experiment ilr two Batcombe series soils, of which one
had been under permanent grass, and the other, originally also under grass, had been
fallowed for the last 22 years. The two soils thus difered gready in biological activity
and ability to immobilize N. tsN-labelled (NHa)zSOr was mixed into the soil immediately
before sowing to maximize a possible 'priming effect'. Recoveries of 15N in the crop
and soil were betweet 93 and lOlft, with a tendency for the best recoveries to be found
in the grassland soil. There was a large positive 'priming efect' in both soils; addition of
labelled N at the top rate roughly doubled the uptake of unlabelled N from each soil.
The grassland soil gave the largest priming effect but also immobilized most N, consistent
with the conclusion that the eflect was 'apparent', caused by labelled N standing proxy
for unlabelled N that would otherwise have been immobilized, and not by a real increase
in the quantity of N released by the soil.

The eflects of immobilization can also be seen in calculations of efficiency of uptake.
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Thus the efficiency of uptake of added N by herbage and roots (calculated from the
diflerence in total N uptake by the treatmetrts ref,Jivng 242 and 4'9 mg of fertilizer N
per pot) was 85'l % in the fallow soil and 94'81 in the grassland soil. Measured by uptake
of 15N, it was much less; 74.0 znd 6l'71 respectively. Efrects of this nature may be
important, and must be taken into a@ount in interpreting the results from experiments
with 15N labelled fertilizers. (Hart, Jenkinson, Johnston, Powlson and Pruden)

Losses otlaN bbelled fertilizer N applied to winter vh.at. In each of the last 3 years
rsN-labelled fertilizer has been applied to microplots within two winter wheat exp€ri-
ments at Rothamsted. In the multifactorial wheat experiment wheat followed a break
crop and r5N-labelled fertilizer was applied to high-yielding plots receiving oPtimum
pest and disease control. On Broadbalk, r5N was applied to areas where wheat has been
grown every year since 1966.

In both sets of experiments the loss of fertilizer N (i.e. that not recovered in crop and
topsoil) was geatly infuenced by the amount of rain falling shortly after application
(Iable 5). Over all the results, the loss of fertilizer N can be related to spring rainfall by
the regression equation

y:O'26x+ 6'95

where / : percentage of fertilizer N not present in crop or topsoil (0-23 cm)
r : mm of rain in the 4 weeks following application of N.

This equation rcnunts for 74f of the variation in N loss. Sampling to 70 cm on some
plots showed that little 15N was below 23 cm, so the loss must be due to denitrification
or to leaching of nitrate below 70 cm or both. Current work is aimed at assessing the
relative importance of these two process€s.

The results indicate there is more risk of loss by giving spring N fertilizer early rather
than late. However, in l98l the loss from the early application ofN to the multifactorial
experiment was less than later application to the Broadbalk experiment, which was
followed by a wet period. @owlson, Jenkinson, Pruden and Johnston)

TABLE 5

Recouery oftsNJabelledfertilizer by winter wheat at Rothantsred receioing near to oPlimum

rsN labcll€d
Year atrd fertilizgt

witrtrr sb€at applicd
Exp.dtneot varie9 kg N ba-r

Multifactorial l9m I
(Ilustted

l98l 4
(Hust1€r)

1982 t74
(AvaloD)

Broadbalk 1980 l4l
(Flaode6)

1981 t47
(Fl.n&rs)

1982 143
(FtaDd€rs)

rates of N fertilizer

Raiofall in
4 wceks

Date of following Graio yield
N N applicarioo (tha rat

application (mm) 85% DM)

Io qop atrd
soil

Ir crop (0-23 cm)

RecovEry of
feftilirfr N, %

8.89 53.8 69.6

9.10 68.6 87.1

7.13 83.6 92.2

6.56 67.0 83.9

6.33 50.8 70.5

5.15 61.6 88.0

Uptohe oJlertiliaer N by old grassland. In 1980, 15N labelled fertilizer was applied to
two plots on the Park Grass Continuous Hay Experiment, at the same rate as normal.
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In l98l ttre plots reverted to the usual additions of unlabelled fertilizer. The total uptakc
of N in both cuts of grass from the plot recriving NHa-N in 1980 was 145 kg. Oa this,
361anne from fertilizer applied in the same year and 641 from nonJabelled N already
in the soil.

Two years after addition of the rsN in 1980 about 60%, of the labelled N had been
rerroved in the crop and a further 3Ol remained. in the soil and roots, whether the
addition was as NOg-N or NHr-N (Table 6). In grassland, N is immobilized fairly
soon after its application and takes many years to be remineralized. (Jenkinson,
Johnston, Powlson and Pruden)

TABI.E 5
Fate oftsy 7r5r1"O fertilizer applied to old grasslond

t abell€d fertilizer application, April 1980

Io lst cut 1980
In 2nd cut l98O

In lst cut l98l
Io 2rd cut 1981

Nitrogen itr soil (0-50 cm), Matrh 1982

Io roots (0-50 c'rn), March 1982

Overall rccovery of ferfilizer N, %

Unlabelled Unlabelled

I-abellcd hb€lledftom fiom
fertilizer Unlabelled fertilizet
/l3.0 52.O 43.8
4-7 53.5 5.6

2.3 89.3 t.90.8 35.7 0.1

Unmanured
since 1856

(NH{):SOI anoually
sioce 1856

kg N ha-l

93.7

NaNOB annually
since lE56

8/100 28.3

50 1.9

93-7

25.8

36.3

87m

m

54.6
37 -7

89.7
37 -2

10,r00

130

23.7

5.2

90.4 8t.7

Nitsificstiotr itrhibitors
Mineralizatioa of dicyandiam le-nitogen Dicyandiamide (DCD) contains 67%

nitrogen by weight, and it may thus act both as a nitrification inhibitor and as a nitrogen
fertilizer- t aboratory t€sts using rsN labelled DCD suggest that DCD hydrolysis is
slow since, at most, 5% of the DCD-N was present as NH4- and NO3-N after aerobic
incubation of soil for I month at 30'C.

In a field experiment to determine the uptake of DCD-N by a crop, labelled DCD
(20 kg ha-) was broadcast on winter wheat at Woburn in November 1981. In July,
16% of the applied DCD-N was found in wheat given no spring fertilizer N and 2O"A
when 70 kg N ha-l was given. Although DCD is a nitrogen source for crops, its contri-
bution to their nutrition will always be small becsuse of the small amounts required to
inhibit nitrification (<20 kg ha-t1 and its slow decomposition in soil. (Rodgers)

Nitrificatioa irtibitors with aqueous urea for grassland. Inhibitors injected with urea
in 1979-80 inoeased dry matter production of, and nitrogen uptake by, a ryegrass ley
(Rothamsted Reportfor 1980,Pan 1,248). Potassium and phosphorus uptakes byherbage
harvested in 1980 were determined because alteration of the NHa:NOe ratio in soils by
nitrification inhibitors may affect P and K uptake. Inhibitors (nitrapyrin or sodium
trithiocarbonate) injected with urea in November, January or March had little effect
on K uptake by grass compared with urea only, as small decreases in per cent K contents
2&

Fertilizer treatment
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were offset by increased yields. Inhibitors injected in November or January, but not in
March, increased P uptake by 8-14f. This increase was due to an increase in both dry
matter production and the proportion of P in the gass.

In 1980-81 preliminary tests of three inhibitors were made, combined with injected
aqueous urea (375 kg N ha-t) for a ryegrass ley. The inhibitors used were etridiazole,
dicyandiamide or a Cs2-producing mixture (sodium trithiocarbonate plus potassium
ethyl xanthate). When injected in November or January etridiazole or the Cs2-producing
mixture, but not dicyandiamide, increased dry matter yields by i-l4l compared to urea
injected without an inlibitor. All thrce inhibitors increased apparent percentage uptakes
of fertilizer nitrogen by 6-201, WbeIJ injected in April no inhibitor had any significant
efect on either yields or nitrogen recoveries. Etridiazole or a Csz-producing mixture
may, like nitrapyrin which has been tested previously, be suitable inhibitors for autumn
or winter injection with aqueous urea. (Rodgers, Widdowson and Penny)

Investigations on pbosphorus and potassim

Phosphorus-riEogen interactions. Recently we have grown winter wheat with different
amounts of N on soils containing a wide range, 2 to 45 mg kg-l, of bicarbonate-soluble P
to ascertain if the response of high yietding varieties to nitrogen is limited by the level of
soluble P in soil. Fenilizer N was given on a single date in April at zlo, 80, I 20, I 60 kg ha-t
for wheat grown as a fourth (1978, cv. Maris Huntsman) or sixth (1979, cv. Maris
Huntsman, 1980, cv. Hustler) cereal and at 80, 120, 160, 200 kg ha-t for Husfler grown
in l98l and 1982 as a first cereal after a l-year break of winter beans. In addition 62'5 kg
N had been broadcast on all crops at drilling the previous autuml. Grain yields varied
over the range 2.7 to 1 1.2 t ha-l according to season, variety, N applied and soil P.

The response to soluble P was modelled by an asymptotic regression equation with an
additional trend :

yield:a-be-t (soll P) +c (soil P)

where a is the asymptote without trend, 6 is a range paramete(, /r quantifies the rate of
change in the curyature of the model with changing soil P and c is the trend. The same
equation fitted the results from plots where P was last applied during 1973-76, or where
soluble P was applied regularly.

The pattern of response was generally similar in all five years though maximum yields
ranged from 7.4 to ,1.2 1 1ls-r $ain. The same shape ofP response curve fitted at each N
rate, and there was no interaction between applied fertilizer N and soluble-P in soil.
Above l5 mg P kg_1 the response to soil P was effectively linear and grain feld increased
at 0.25 t ha-l for each additional l0 mg P kg-r. There was no significant diflerence in
this trend between years or btween N rates. (Johnston, Poulton, with Lane, Statistics
Department)

Releose of non+xehangeable potassium

Calibrotbn of the calciam resin methotl. The calcium resin method for assessing
reserves of K in soil has been calibrated against offtake of K by, and yield of, spring
barley, winter wheat, field beans and sugar beet. Data were obtained from Iong-term
experiments at Rothamsted, Woburn, Saxmundham, ADAS Experimental Husbandry
Farms, and the Btintehof Agricultural Research Station, Federal Republic of Germany.
Initially, plots rec€iving only N and P fertilizer were considered because on these only
the lack of K should be limiting crop $owth, and the crops would thus be exerting
maximum stress on soil K.

Correlations were always better between quantities determined using resin and K
265
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offtake than between those quantities and yield. The quantities most important in
predicting K offtake were the amount (Mlo) and rate of release (R1) of exchangeable K,
and the rate of release of fixed, or non-exchangeable K (Rz). Generally, the larger the
demand of the crop for K, the more significant was R2.

A multiple regression of Mr', Rr and Rz gave a closer correlation with offtake than
did exchangeable K as determined by standard methods with ammonium ac€tate. The
difference was greater for those crops with a large demand for K, presumably because of
their geater utilization of 'fixed' K. When NPK and FYM plots were included, the same
multiple regression of resin quantities gave a good correlation with offtake, but only for
the c€real crops. Ammonium acetate+xchangeable K gave no useful correlations. This
suggests that the calcium resin method predicts the eflect offertilizer residues on K release
better than a simple exchangeable K value. (Goulding)

Comparison ol metlods lot asses$tg soil K reserves, Although the calcium resin
method predicted the offtake of K by crops well in the tests described above, it is a long
and complex procedure. It has therefore been compared with Haylock and Maclean's
boiling nitric acid procedures, Electroultrafiltradotr (EUD, and a new acid extraction
procedure in which the sojl is leached with hot 20% HCI under reflux in a modified
Soxhlet extractor. The practical advantages ofthe last method over other acid extractions
are that concentrated HCI is a much safer material than concentrated HNOa, and the
soil is held in an extraction thinble separating it from the bulk ofthe acid, which obviates
the dfficulties of flltration and allows precise timing of the reaction. The methods were
compared for their assessment of the K release characteristics of soils from three plots
ofthe Broadbalk Exp€riment, and two plots ofthe Rotation I Experiment at Saxrnundham.
All the methods reflected the differences in K content ofthe soils which would be expected
on the basis of mineralo8y and history. The three acid extraction procedures gave slightly
better correlations with exchangeable and non-exchangeable K balances than did EUF
or the resin method. As predictors of K offtake by, and yield of, winter wheat, the resin
method was poor, EUF better but the acid extractants best.

Overall, the HCI reflux method was the most satisfactory because it gave the best
correlations with offtake and yield, and also measured the rate of K release, which EUF
and Haylock and Maclean's methods do not. In view of our earlier experience with the
resin method, its poor performancs in this test is surprising. Tests of the HCI reflux
method will be done on a broader range of soils. (Singh and Goulding)

Cotrc€trEstions of potassiom rnd hogen in spring barley. lnvestigations into the
growth and nutrient content of spring barley (Rothamsted Report for 1981 , Part l, 258)
have continued. For crops receiving adequate K, grown in four experiments in 1980 and
1981, there was a positive correlation (r:0'728, P<0'001) between maximum lK
in the shoot dry matter and grain yield at harvest. Maximum f K in dry matter, which
occurred just beforc the start of stem elongation, could only be definitely identified
by frequent sampling. When K concentrations were recalculated on the basis of tissue
water there was no relationship between K conc€ntrations and grain yield, and all crops
receiving adequate K maintained concentrations of about 200 mmol K kfl tissue
water. Although the time-dependent changes h I dry matter and lK in dry matter
were highly correlated (r:0.973), there was no overall relationship between maximum I
dry matter and grain yield. In contrast, spring barley grown on a soil which had received
no K since I 852 had of only 50-70 mmol K kg-1 tissue water, but itr all crops the conc€n-
tration of K in the tissue water remained fairly constant with time. Hence deficiencies in
K could be detected as reductions below 200 mmol kgr tissue water, irrespective of
the growth stage.
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Total nitrogen conc€ntrations express€d on a tissue water basis were similar in both
adequately and inadequately N-fertilized crops, even though N con@ntrations in the
dry matter were different. However, the differences in N supply resulted in different
growth rates and $ain yields. This suggests that N conc€ntrations in the tissue water
are closely maintained, at the expens€ of growth, and explains why growth is so sensitive
to N supply. (Irigh and Johnston)

Watet relations of wheat mot cells. Tbe miniaturized pressure probe (Rothamsted
Report for 1981, Part l, 262) has been used to measure turgor, hydraulic conductivity,
and volumetric elastic modulus on cortical, hairless epidermal, and root hair cells of
wheat roots,

Mean turgor pressures of 6.8, 5.5 and 4.4 bar were recorded in the cortical, hairless
epidermal and root hair cells, respectively. The differences between the cortical cells and
the other two cells types were statistically significant. Hydraulic conductivity was similar
in the three cell twes, so root ha cells are not specially adapted for water transport.
Any special role these cells play in water transport must be related to their large surface
area, not to properties of their membranes. The volumetric elastic modulus ranged from
l0 to 150 bar in all cell types. Part of this variation arose because the modulus depended
on cell volume, but iD tl-te same way in all thrce cell types. This volume-dependency may
indicate that smaller cells have a greater capacity for turgordriyen growth. (Jones
and Leigh, with Drs D. Tomos and R. G. Wyn Jones, U.C.N.W., Bangor)

Soil orgrnic mrtter rnd biomass

Sarldtal of soil bionuss afi* oit-dryitg ol nil Biomass C measurements were made
on five moist soils (2 arable, 2 grassland, I woodland). After a 7-day preincubation,
subsamples of all soils were air-dried at 25'C, and two of the soils were also air-dried
at lo'c.

Biomass C contents of the soils air-dried at 25'C and rewetted, ranged from 49-681
of those in fresh soil (mean 56!8y).In the two soils air-dried at 10"C, biomass C was
90 and 103 f ofthat measured in fresh soil. Biomass C in soils air-dried at 25'C, followed
by l0 days preincubation at 40% water holding capacity ranged from 69-102% of tbzt
in fresh soil (mean 81 ! l3/), and 92 and 98% of thar in fresh soil for the two soils
air-dried at 10"C.

These results show that although biomass measurements obtained from air-dried soil
must be treated with caution, a considerable amount of biomass can survive airdrying,
particularly at low temperatures. Rewetting of the air-dried soil, followed by preincuba-
tion before analysis, also perm.its restoratioo of the soil biomass, in some soils to near
its original level. (Shen Shan-min, Brookes and Jenkinson)

Micronutrients strd heaYy metds
Efr€cts of sewrge sludge

Melal toxicily lo plants due to ptsl sewage shdge applicttioas. The long-term effects
of metals added itr sewage sludge applied to the Wobum Market Garden Experinent
are being investigated. Sludge was applied from 1942 to 1961 at rates supplying a total
of 383 or 766 t dry solids ha-l, and the total amounts of metals added have been calcu-
lated. These were approximately two or four times the Department of the Envirooment
(1977) sludge disposal guideline limis for both Zn and Cu addition over 30 years, and
one and two times that for Ni. The site offers a unique opportunity to study the long-
term effects of sludgederived metals in a field experiment, and old soil and crop samples
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taken between 1960 and 1981, and samples taken in 1982 are being analysed. The amounts
of metals extractable from the soils by 0.05 M EDTA decreased during the first l0 years,
but more recently appear to have remained constant at about 50% ofthe original extract-
able amount. The rates of decrease in extractability, and the current extracbbility as a
proportion of the original, were the same for Zn, Cu, Ni, Pb and Cd. Relatively littte of
the added metals appear to have moyed out of the plough layer. The decline in extract-
ability of the metals was therefore not due to leaching, but must be due predominantly
to changes in their chemical combinations in the surfac€ soil. (McGrath)

Pbtrl awilability of ziac, copper, and nickel h sewage sltdge. The variation in avail-
ability and phytotortcity of Zn, Cu, and Ni in sewage sludge is being studied in a long-
term experiment. The sludges used had been produced by adding Zn, Cu, and Ni salts
separately to raw sewage. Combinations of these three metal-loaded sludges and of the
uncontaminated sludge were used to produc€ a range ol metal contents, and were added
to the soils at a constant ratio of dry sludge solids to soil. Four soils are being used within
a continuous crop (clover), a rotation of red beet and spring barley, and fallow.

The percentage reduction of clover yield due to application of heavy metals was
grcatest on the Cottenham and Newport series sandy soils, less on the Icknield calcareous
clay, and not significant on the Carswell series clay. Yield reductions are decreasing with
time. Application of Zn-loaded and Ni-loaded sludges increased the respectiye metal
concentrations in clover on all soils, but Cu contents were only affected by application
of Cu-loaded sludge on the Cottenham soil.

The yield of red beet was more afected by metal addition than was that of clover, the
relative difference between soil series being similar with both crops.

The metal concentrations in the soil solutions extracted from fallow plots are decreasing
with time; Zn and Ni are present in the soil solution pardy as free ions and partly in
complexed forms, whilst Cu is present mainly in complexed forms. (Adams, McGrath
and Sanders)

Sobbility of the merals in sewagc sfudge otd slulge rreoled soils. The etrect of pH
on the amount of Zn, Clo, and Ni released into solution from the metal-loaded sludges
is being studied. When the pH decreased below 6.0 the release of Zt ar,d Ni and the
proportion of metal present as free ion increased sharply. The release of Cu varied little
above pH 4.2, and little free ion was present. Tbese changes in metal release could be
reversed by increasing the pH. The metals in the control sludge behaved in a similar
manner to those in the metal-loaded sludges, and the capacity of the control sludge
to absorb Zn from solution was also dependent upon pH.

The variation of metal release with pH in Newport soil treated with sludge was generally
similar to that for the corresponding sludge alone. However, with thc Carswell soil the
sharp increase in metal release occurred at about 1 pH unit lower than with the Newport
soil. With both soils the proportion of free metal ion in solution increased as the total
metal concentration in solution increased. It is hoped to explain the effects ofthe sludges
on plant growth from these measurements. (Adams and Sanders)

ConcenfatioN of micronutrients in soil solutiom as a function of pH and phosphorus
fertilizrtion. Soil samples from the long-term experiments at Rothamsted (Batcombe
series) and Woburn (Srackyard series) with pH values between 4 and 7'5 and bicarbonate-
soluble phosphorus concentrations ofbetween 8 and 35 mg kg-1were incubated at a water
content near field capacity. Mn, Zn, Cu and Ni were determined in the soil solutions, and
the proportions present as the divalent ions assessed using an ion-exchange equilibrium
technique. In this, the divalent ions of the micronutrients are absorbed on a cation
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exchange resin at equilibrium, while the complexed forms of the metals remain in the
solution phase. Separation and analysis of the solution allows the amount of free ion
to be calculated.

Total Mn, Zn and Ni concentrations decreased as the solution pH rose; the free ions
were the predominant species at low pH, but complexed forms became more important
as the pH rose. Cu concentrations decreased very slowly as pH increased and the propor-
tion present as Cuz- fell from c. 201at pH 4 to <4% at pH 7.5; Cu concentrations
were much smaller, and the proportions present as cupric ion much larger, than in
solutions from other soils which contained more organic matter. The variation of divalent
ion concentrations with pH suggests that concentrations are controlled by adsorption
of hydroxylated species. Metal concentrations were not significantly affected by extract-
able P concentrations, and the extent of adsorption and desorption of Zn, Cu and Mn
on to the soils, while very pH-dependent, lvas almost independent of soil P levels.
(Sanders with El Kherbawy)

Trace element cont€trts of different soil series. Total amounts of Pb, Zn, Cu, Ni, As
and Mn and amounts ofPb, Zn, Cu and Ni extractable by standard NHa EDTA solution
in 99 topsoil samples representing Evesham, Hamble, Cegin, Wick, Whimple, Newport,
Hanslope, Highweek, Clifton and Denchworth series from England and Wales were
determined by X-ray fluorescence methods. Mean total concentrations and (in paren-
theses) extractable conc€ntrations are Pb 49 (13.39) mg kg-r air dry soil, Zn 88 (5.216),

Cu 34 (5.48), Ni 29 (1.32), As 20 and Mn 863. The ranges of extractable amounts in the
diflerent series all overlap; for the total contents, however, some series are clearly distin-
guishable for one or more elements.

Although extractable and total amounts are correlated at the 0.1% significance level
for Pb, Zn, Cu and Ni over the entire group of soils, the correlations are not strong
enough to be used for prediction of extractable from total amounts. However, when
series are considered individually very large correlation coefficients between extractable
and total amounts are found for Pb in Hamble, Wick, Newport and Highweek series,
and for Cu in these series and also Clifton and Denchworth samples. These correlations
are large enough to allow useful predictions to be made.

Total contents of all elements determined, except Pb, are significantly correlated with
the proportions of <2 g.m material determined by particle size analysis for the entire
group of soils; the correlation for Ni is sufficiently strong, r:0.879, to enable total Ni
content to be predicted from the particle size data.

For some series geogaphic trends in total contents that can be attributed to geological
factors are detectable. About l0% of the samples have total contents of one or more
minor el€ments that appear to be anomalously large for the particular series they repre-
sent. About half of these can be attributed to pollution. (Brown)

Root-soil r€latiom
Mycorrhizal infections

Soil pH aad mycorrdzd fungi. 'fhe fungi which formed mycorrhizas with roots of
spring oats (cv. Peniarth) grown on the Rothamsted and Woburn long-term liming
experiments were investigated. On both sites roots at pH 4.2 were colonized almost
exclusively by the 'fine' endophyte (Riizophagus (Glomus) rezuir) but on the most alkaline
plots (c. pH 7'0) endophytes with broad hyphae ('coarse' endophytes) predominated.
There was a decrease in the ratio of fine to coarse endophytes wjth increasing pH at the
intermediate pH levels. Numbers and species of spores of coarse endophyte (chiefly Glomus
caledoniw\ varied little over the pH range 5.0 to 7'0, with generally lower numb€rs at
Woburn, but no chlamydospores were found at pH <5.0 at either site.
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A pot experiment tested the effect of sudden change in soil pH on the inherent rate
of spread and tbe plateau of infection (parameters S and n respectively of our infection
model) in oat for infection by crude inocula extracted from sites of pH c. 5.5 and c.7'5
respoctively on the Rothamsted long-term experiment. The highest plateaux and S
values were measured using soils at the same pH as those from which the inocula came,
suggesting that the populations of mycorrhizal fungi were adapted to soil pH, either
through their species composition and/or physiological differences in strains of single
species. (Wang, Stribley and Tinker)

Modelling inleaion spead in deteloping ruot syslems. The effects of dispersed and
placed inoculum were compared in leeks grown in tall containers, where growth was
unrestricted and where root age could be assessed, and the spread ofmycorrhizal infection
along single roots could be observed. In a single root, the rates of increase in length of
infected root (Lr) and of total root (I4) were approximately linear. However, the logistic
model (Rothamsted Repot lor 198 I , Part I , 252) for the spread of infection in the whole
root system also described spread in a single root well, and fitted better than the linear
model, especially during the early phase of infection.

Dispersed inoculum caused infection to be distributed throughout the root system
in many separate individual lengths. By contrast, inoculum placed under the trans-
planted s€€dling, resulted in long, continuous infections extending from the root
bases towards the root apices. Dispersed inoculum gave rise to many more 'fronts' of
spread, but surprisingly the rates of increase of Ia were similar for both inoculation
techniques. The observed pattern ofindividual infections agre€s well with the assumption
that spread rate of an infection front in a root is inversely proportional to the number of
'fronts' in that root This simple model will be tested in axenic culture by direct observa-
tion, because it suggests an over-riding control mechanism of the plant on the rate of
fungal gxowth at the level ofthe individual root. (Buwalda, Stribley and Tinker)

Mecluaisms which dctermin lhc 'eftciency' of tlifierent endophl*s. Diferent endo-
phytes benefit their hosts to different extents, but the mechanisms which contribute to
these differences in 'efficiency' are not understood. Diflerences in spore germination
rate, iDfection potential, speed of spread of infection through roots, amount of external
mycelium, or the physiological efficiency of the fungus in P uptake and translocation
could be implicated. This has now been tested id experimetrts q/ith four endophltes, one
being a Californian isolate of Glomus fasciculatus whicb is very inefficient. Considerable
differences in inoculum potential haye been found, and consequently in rate of spread of
infection, but much chemical and mathematical analysis remains to be done. (Menge,
Snellgrove, Stribley and Tinker)

Myconhizol {eaion a rryta*e of anions. We investigated further the iocreased
uptake of bromide by mycorrhizal cereals in the field (Rorianr.rted Report for 1981,
Part l, 261). The effect was confirmed in a pot experiment with spring wheat, where
mycorrbizal infection increased bromide and chloride concentrations in root and shoot
tissue. Consistently, the sum of the major anion concentrations (lA) in shoot tissue of
cereals from four field experiments was increased strongly by mycorrhial infection, but
not by P additions, whereas the sum of the concentration of major cations (rC) was
generally reduced by P but not altered by mycorrbizal infection. Henc€ P aad mycorrhizal
infection both reduced the cation excess (XC-!A), but by different mechanisms.

Since these common atrions are mobile in soil and the increase in their fluxes to
mycorrhizal roots were very large, it seems unlikely that the increased uptake was a
result of simple absorption and translocation by mycorrhizal hyphae. We propose that
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the C drain in mycorrhizal roots (Snellgrove et al., Nete ph)tologist (19821 92, TLST)
may restrict the production of organic acids which regulate cellular pH, hence infected
plants instead take up more anions to balance the cation excess and thui maintain intemal
pH. There are indications from recent work elsewherc that similar eflects may occur
following infections by ectomycorrhizal fungi and by take-all. @uwalda, Stribley
and Tinter)

Effects of mycorrhizas on cereal growth i[ the fetd. The work on responses of cereals to
mycorrbizal infection in the freld (Rothantted Report for lg|l,pai 1, 26I) continued
with an experiment on spring wheat and spring barley, and one on winter wheat and
winter barley. These tested methyl bromide fumigation, inoculation with Glomus
mosseae and. addition of P (60 kg ha-t).

TABLE 7
Percenlage increases in yield of grain in response to (a) inoaiation; (b) phosphorus on

uninoculated plots il 1982
Fumigated Non-fumigated

(ke P ha-r) (kg P hai)
060060

(a) Spring wheat 46 19
SprinS barley 38 25
Winter wheat 39 2l
Wiotcr badey 39 l7

21 3NS
37 t6
1l 10
21 9NS

(b) Spridg pheat 78 59
Spring barley 53 tO2
Winter wbeat 3l l4
Winter barley 90 29

NS: noD-significant difrerence; all others arE signifcant
at P< 0.05 or better

The responses of spring wheat to infection were similar to those found earlier. Table 7
shows that all crops responded similarly to infection on fumigated plots, and that,
unexpoctedly, responses were still large on plots with high p. The responses to inoculation
were 

-always 
smaller on non-fumigated plots, but even on those with high p they were still

significant for spring barley and \f,inter wheat. No consistent differinces in responses
between spring and winter cereals could be found. The response to inoculation was
generally, but not strictly, related to the response to phosphorus.

_The rate of increase of percentage infection was much faster in the spring cereals, but
when spread was related to thermal time (Gallagher, J. N. 0976) The Groith of Cereats
in Relation to Weather Ph.D. thesis, University of Nottingham, School of Agdculture),
using a base temperature of 5"C, rather than to chronological tine, rates of spread were
similar 

_for _all -crops, 
suggesting that temperature is the principal variable controlling

mycorrhizal infection.
Residual etrects of inoculation on growth of direct-drilled cerczls (Rothansted Report

_or 1981, Part 1,261) did not penist for more than I year. On fumigated plots invaiion
by natural inoculum was probably the cause, and on non-fumigated plois the general
increase in inoculum density following continuous cropping with cereals presimably
reduced the efect of added inoculum.

The general mnclusions from our series of field experiments on mycorrhizas in cereals
are: (i) yields of grain cao be increased by artificial inoculation of plants on soils of low
inoculum density, over a wide range of added P levels (up to 25% increase in soil with
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28 mg NaHCOrsoluble P kg:l); (ii) responses to inoculation are inversely related to the
extent of development of natural mycorrhizas in root systems; (iii) there were no marked
or consistent differences between wheat and barley, or autumn and spring sowings;
(iv) we conclude that natural mycorrhizal infection is important for uptake of P by
cereals in the field, though these crops do not dep€nd wholly upon mycorrhizi[ as some
species do. (Buwalda, Stribley and Tinker)

Alominium tolerance of cereals. Sorghum and maize genotl.pes taken from the
EMBRAPA Germplasm Bank, Sete Lagoas, Brazil, had been classified into high and
low yield potential eroups (HYP and LYP), based on the dry matter yields. Each group
contained an Al-tolerant and an Al-sensitive genotype based on grain yield measurements
in Brazilian fleld trials. These were grown in a controlled environment on an acid soil,
pH 4'6, from Hoosfield Exhaustion Land. Up to 2 mM Al were given in water daily,
the water content of the soil being kept at about one-third water-holding capacity.

[,eaf and stem yields in early growth showed that the plants most tolerant to applied
Al were the 'HYP-tolerant' and 'LYP-sensitive' genotypes. Thus, selections for Al-
tolerance based on grain yields in the field are at varianc€ with those in early growth ir
controlled enyironments. The Al concentration in the whole plant in early growth was
greater in the HYP genotypes than in the LYP genotypes, and was not related to Al-
tolerance in the field. Most of the AI was accumulated in the roots and any translocation
was restricted to the stems, suggesting that the latter regulated the Al-tolerance mechanism.

Preliminary measurements with the X-ray fluorescence microprobe of the scanning
electron microscope on the primary roots ol maize showed that the Al treatments greatly
increased Al, Mg and Si concentrations in the cortex. The Al and Si concentrations in
the sensitive genotype increased much more with the Al treatment than in the tolerant
cultivar. @itta and Talibudeen)

Soil and clay structEe

Intersction of water with soils and ctays. Our investigations oflinks between the swell-
shrink behaviour of soils, and the clay minerals they contain, has continued with the
measurement of water desorption-sorption isotherms of the clay fractions of soils, using
a wide range of clay miherals in the mixed-layer group and three size fractions. Water
sorption measurements on these fractions of the clays have been completed. The results
for clays from soils formed on the Fullers Earth (Evesham series, ST 764815) and the
Kimmeridge (Denchworth SE 725843) formations have been analysed in detail to
distinguish the isotherm components arising from microporosity (including interlamellar
water), multilayer formation on external surfaces, and capillary c.ndensation of water
itr the interstices.

All isotherms showed irreversible hysteresis with the adsorption branch consistently
representing less total sorption than the initial desorption branch. This hysteresis is
attributed to an 'ageing' of the clay surface as the compressive stresses of drying bring
planar surfaces of clay particles so close that they prevent free development of multi-
layers of water during the subsequent adsorption. There is an increase in microporosity
and a decrease in external surface during the initial drying. In general the smaller size

fractions have the larger total surfac€, but differences in mineralogy compound the effect
of particle size on water sorption.

Changes in interlamellar volume influence ttre shape of adsorption isotherms, parti-
cularly at high relative pressurcs, atrd to some extent arise from changes in the inter-
lamellar structure, These changes are being investigated in mixed layer clays of the
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Fullers Earth clay in the first instance, using the difractometer modified to control
humidity.

The smectite, Ca-Redhill montmorillonite, studied first has a nerly regular 19 A basal
spacing tbat changes over a narrow h_umidity range (l <p/p6<0.90) to a new phase with
nearly regular basal spacing of 16A. As the bumidity is further decreased to 0'33,
the basal spacing of this structure decreases linearly witl p/po to about 15 A and further
decrease ofthe relative humidity changes the structure again to one which predominantly
has a single water sheet between the layers,

By assuming that similar changes occur in the hydrated layers of the Fullers Earth
clay it is possible to account for most of the features of the difraction profiles. The first
and stroDgest reflection in the profiles is an exception, however. The spacing migrates
from 19.6A in the wet state to l8'4A at plpo:O-r7s, to 17A at 0.92 irthe state ihere
the interlayer disrance should be 16 A, and to 14.7 A at 0.33. The first reflection there-
fore is indicating an even greater range of basal spacing than occurs in Ca-Redhill
montmorillonite, so that the position of this reflection cannot be used to indicate the
structure of mixed-layer clays. One of the immediate tasks is therefore to calculate the
difrractron profiles expected for the intermediate hydration states of smectite layers
mixed with various proportions and types of ordering of mica layers. (Ormerod and
Newmat )

Regeneration of soil sEucture. Research into the regeneration of porous structure
after the soil has been s€riously compacted by traffic has continued. The first experiment,
carried out on the Rothamsted farm, showed that trafficking and subsequent regeneration
ofstructure was accompanied by measurable changes in bulk density, the size distribution
and the orientation of coarse pores, but not in the mercury intrusion characteristics.

The soil at Rothamsted, Batcombe series, is well known for its ability to recover its
structure after damage, and other kinds of soil with different reputations are now being
compared. One of these is Hamble series, the other Evesham series, and we have experi-
ments on these at Writtle, Essex, and Silsoe, Bedfordshire, respectively.

In all three soils traffic caused compaction and loss of air-filled ( > 60 pm) pore space,
especially on Hamble seriqs. All soils recovered some porosity in the summer, but least
on the Evesham series. Compaction appeared not to have altered pores less than 60 pm
across in any of the soils, which only alter in accordance with the soil moisture contenL
(Newman, with Bullock and Thomasson, Soil Survey)

Solute rnovenent in soil

Simulation of the leaching of arborbed organic compounds and chloride-36. A modifica-
tion of the basic leaching model described above has been used to simulate the leaching
and degadation of aldoxycarb, rehich is the weakly-adsorbed breakdown product of
the nematicide aldicarb, and fluometuron, a more strongly adsorbed herbicide, in a
fallow soil of the Denchworth series during winter. The basic anion leaching model was
used to simulate the leaching of aoCl- applied at the same time. The models predicted
the overall patterns of movement of all three solutes and gave simulations at least as
good as those from the more complex model of Leistra (Agricttlture and Enuironment
(1977) 3,325-335). (Addiscott, with Nicholls, Insecticides Department, and Bromilow,
c.L.u.)

Spatial analysis of soil properti€s

Soil structure as e case ofspatial variation. A long-standing problem in soil sciencr is the
measurement of soil structure. Pore geometry gives a good insight into structure, and
developments in soil micromorphology and image anatysis by computer can Dow provide
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much quantitative information from plane sections. We are attempting to apply stereo-
logical principles to infer tbe three-dimensional properties of the soil structure from such
two-dimensional information. Certain properties of the pore geometry are readily
estimated from random two-dinensional sections, e.g. pore volume from the cross-
sectional area, and surface area from perimeter length. The extension of the two-
dimensional information into thre€ dimensions is being investigated by recording pore
pattems on numerous close-spaced parallel sections and comparing them serially.
Disconnected pore networks have been traced from s€ction to section and their connec-
tivity thereby estimated in the three dimensions. Estimates of the number of such net-
works were the same regardless of the spacing between sections, but the estimated
connectivity per unit volume decreased as the spacing increased. This apparent anomaly
is being investigated further. (Webster and Scott)

Spatial variation in leaching of solut€s. The studies on the spatial variation of soil
nijrogen (Rothansted Report for 1981, Parl 1,266) have continued. The variation in
concentrations of total and nitrate nitrogen, soil moisture, and, for comparison, also
that of chloride from rain, were measured to giye an insight into the spatial variation of
leaching processes, The variation is defined by its overall magDitude and by the way in
which it is distributed spatially on the ground. In autumn the nitrate in the topsoil
appears to be related to both chloride and rate of mineralization, as measured by the
amount of nitrate released over a 2 week period, but no such clear associations were
found in spring. Moisture, chloride and total nitrogen contents of the soil vary more in
spring than in autumn, although the spatial dependence of these propertieo is the same at
both samplings. The fact that moisture content, total N and chloride (which the soil
receives uniformly in rainfaU) vary in the same way at both sampling times validates
the experimenlal procedure.

Unlike the moisture content, the variation in the rate at which water drains from the
sample holes is about twice as geat in auturm as in spring. The spatial dependence ofthe
variation also changes. Many of these seasonal changes may be attributed to the fact that
the soil is dry in autumn, so that rate of wetting as well as drainage is being measured at
this sampling.

Ammonia concentrations vary more in spring than autumn, but with the same pattem
of spatial dependence. In contrast, nitrate varies to the same extent at both seasons but
changes spatially between the two samplings. In autumn over 951of the variance in
nitrate occurs within 4 m2, whereas in spring it extends to 64 m2. A practical consequeDce
of this is that a given number of cores provides more precise estimates of the nitrate
content of the soil in spring than it does in autumn. (Whitmore, Addiscott, Webster
and Thomas)

An experiment was also carried out to assess the value of spatial analysis in under-
standing the effects of leaching on vertical distribution of ions. Nitrate and chloride
were applied as the sodium salts to the soil surface and leached by applications of water.
Measuements of soil water content and the concentrations of NOs, Cl and Na in soil
water were made in 50 mm s€ctions to I m at six points, at the end of infiltration and
after redistribution. Semi-variograms calculated from these measurements often showed
strong continuity for the three added ions. There was more variation at short lags afGr
infiltration than there was after redistribution. Covering the soil with a polythene sheet
during the redistribution phase increased the variation at short lags. (Kirda, Thomas,
Addiscott and Webster)

R€ionel vrrirtion The study of coregionalizetion on particle-size fractions in the
soil at Woburn was completed. The silt and sand fractions in the soil were stongly inter-
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dependent spatially with a common anisotropy iu both topsoil and subsoil. This allowed
the topsoil silt content to be estimated and mapped by co-kriging more precisely than
by kriging from data on topsoil silt alone. Somewhat surprisingly the clay contents were
related only weakly to sand and silt, usually because the absolute levels were so small.
Using these results a general strategy was developed for estimating soil properties that
are expensive to measure from a knowledge of their co-regionalization with others that
can be measured cheaply. Both types of properties must be measured at some sampling
points, but at others records only of the latter are needed. The estimation variances were
worked out for several sampling ratios and a range of spacings on regular grids. The
gains in precision from co-kriging at Wobum were modest, and the diferences in cost of
measuring particle size fractions at different depths is too small to justify a multiple
sampling strategy. Nevertheless, there are other instances in soil research where large
differences in costs exi$t, and where a cokriging strategy would be of advantage.
(Webster and McBratne,

Measurements of topsoil prop€rties deriving from a survey of Zhangwu in north-east
China were analysed geostatistically, to test the method on data from a large region. The
contents of organic matter, nitrogen, phosphorus and sand all showed spatial dependence
at this scale, though with large nugget variances. Soil pH was strongly autocorrelated.
The kriged map of pH showed very clearly a zone of alkaline soil in the Liu river valley.
Sampling was somewhat sparse, and the errors of estimation large therefore. Maps of the
cstimation variance showed where further sampling is needed to improve confidence,
and that for pH a sampling interval of 1.3 km on a square grid would provide acceptable
estimates for a survey of this region. (Webster and Xu)

Pedological stulies

Palaeoergitlic horizons. Buried itrterglacial palaeosols from eight welldated sites in
south-east England are being studied to assess variability in type and degree of pedogenesis
within each interglacial stage; this should clarify the status and subdivision of the
Palaeoargillic Sub-groups recognized in the system of soil classification currently used by
the Soil Survey of England and Wales. At least one fine- and one coarse-textured profile
dating from the Ipswichian and Hoxnian Stages, and three profiles from the pre-Anglian
Yalley Farm Soil have been described and sampled.

Preliminary results show that the Valley Farm Soil formed in sand and gravel contain-
ing little weatherable material. It is more strongly rubified than any of the Hoxnian or
Ipswichian profiles, and its B horizons are strongly clay enriched. There is already evidence
for distinguishing Yalley Farm profiles occurring at different heights in the proto-Thames
valley on the bases of rubifcation and clay illuviation. The different heights probably
indicate teraces formed in separate prc-Anglian cold periods, suggesting that the Valley
Farm Soil is composite, and contains evidence for pedogenesis during two or mor€
pre-Anglian interglacials. (Kemp and Catt, with Bullock, Soil Survey)

Soil profiIes lnflmed by nan
Mat-nade urbat soils. 'Dark earth' is a uniform black, man-made soil, 30 to

> 100 cm thick, which overlies Roman deposits in numerous, widely separated urban
centres, including Canterbury, Colchester, and the City of London, and seems to date
from the 3rd-8th centuries A.D. Samples from 17 sites are being studied to discover its
exact origin and the reasons for its colour and widespread urban distribution. The occur-
rence of bone and shell fragments, large amounts of total phosphorus, and artifacts sug-
gpst that the material is partly an accumulation of domestic refuse, but particle size
analyses of fraciions <2mm and preliminary minsmlogical studies show that it is
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composed mainly of inorganic soil or sediment. Horvever, at many of the sites this soil/
sediment component differs from the natural underlying deposit, which though containing
the same amount ofclay, has a wider range of sand and silt contours. Other deposits have
also been analysed from most of the sites, and compared with these the dark earth has
much smaller ranges of clay, silt and sand contents; most dark earth samples are sandy
loams or sandy silt loams. (Catt and Farrington)

Depositiot and soil .lerelopme l ct Stoke Newington. Samples from an archaeological
excavation at Stoke Newington (north London) were analysed to help date deposits of a
tributary of the river Lea, which contained Palaeolithic and Mesolithic artifacts. The
brickearth contained the characteristic silt mineral assemblage of Devensian loess,
and a typical gleyed Flandrian soil profile had developed in the overlying clayey alluvium.
Thin sections of samples taken from thejunction of the brickearth and alluvium showed
a heterogeneous microfabric with blocks of clay (probably London clay), which must
have been geliflucted from clay outcrops higher up the tributary valley. The surface ofthe
stream gravels beneath the brickearth was deeply channelled, indicating that the gmvels
were deposited shortly before the brickearth was laid down. These observations allowed
us to reconstruct a history of deposition on the site, starting with gavel aggradation and
then loess sedimentation during the Late Devensian cold period, and proceeding without
any hiatus to accumulation of fine early Flandrian alluvium. (Catt, with P. L. Gibbard,
Botany School, Cambridge University, and P. Harding, Inner London Archaeological
Unit)

Soils developed in loess. We continued to study the mineralogical composition, age and
weathering of loess, which is a very widespread soil-forming material in England and
Wales. Its properties determine natural soil characteristics important to crop growth,
such as available water content or the tendency to slake and form a hard capping, and
determination of its age in many profiles is useful in dating soil forming processes.

Profile dcvelopment in Homble series. This soil series in thick loesss or brickearth is
usually classified as an argillic brown earth, but some profiles have field characteristics
suggesting pre-Devensian pedogenesis. The fine sand and coarse silt fractions from
successive horizons in one such profile on the Taplow Terrace of the Thames near
Heathrow airport were studied to determine the age of the loess and weathering changes
in it. Some depletion of apatite, glauconite and chlorite could be attributed to weathering
in the top 70 cm. However, some features of the mineral suites suggested that upper
horizons of the profile had developed in Devensian loess and the lower (Bt) horizons in
brickearth containing only pre-Devensian loess. Thin sections of the Bt horizons showed
that most of the 5l illuvial clay, which originally formed void argillans, had been
incorporated into the soil matrix by deep frost disturbance. This also suggests that the
loess of these horizons was deposited before the deep frost disturbance during the Late
Devensian. A longer pedogenic history of this type also explains why the Bt horizons are
slightly redder (6YR 5/6) and better structured than is usual in Hamble profiles on
Late Devensian loess. (Catt)

Otlw bri.kearths in ,hc Tharncs Yalley. The coarse silt fractions of another ten
unrveathered brickearth samples from various sites in the middle Thames valley were
analysed mineralogically in an attempt to date them by comparison with loesses of
known ages elsewhere. Principal coordinates analysis of the non-opaque heavy mineral
data showed that as expected, some samples were like Late Devensian loess, but others
showed greater resemblance to older (Wolstonian and Anglian) loesses. As all ttre latter
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samples contained more sand than typical aeolian lo€ss, and some also had more clay,
they had probably formed by fluvial or other reworking of older loesses. The mineralogical
comparisons therefore date the main loess deposits from which the brickearths were
derived, and provide only a maximum age for deposition ofthe brickearths. Before using
the composition of loess to help date soil-forming processes, it is therefore important to
decide whether it has been reworked in such ways or not. (Catt, with P. Gibbard,
Botany School, Cambridge University)

\{eatbering fu podmls rleveloped in Late Devensian coverserds. Humoferric podzols
developed in windblown coversands deposited l0-l I thousand years ago at the end ofthe
Late Devensian cold period are common in parts of Norfolk, Lincolnshire, Yorkshire
and Lancashire, and are useful for studying acid pedochemical weathering of sand
minerals. Mineralogical studies of five unburied podzols representing the main English
coversand areas provided the following sequence of resistance to lveathering: apatite
(east resistant) < brown hornblende, tremolite/actinolite < augite, hypersthene/bronzite,
green hornblende(epidotes<garnets<other minerals. The less resistant types (before
epidote in this sequence) were completely removed from the Ea horizons and strongly
depleted in the Bh and Bs horizons of the more weathered profiles. The weathering
sequence deduced from this work was used to interpret microsmpic etch features on
gamet, hornblende and augite grains. Variations in intensity of weathering between the
profiIes could not be related to differences in climate, soil texture or bulk chemical compo-
sition ofthe original sands, and may result from diferences in vegetation cover at various
times over the last 10000 years. (Catt and Bateman)

Leaf proteb exEsction
In a conventional screw-expeller, a narrow-angle cone rotates inside a perforated cylinder.
By inverting this principle, and rotating a disc against a perforated wide-angle cone, a
more efficient unit for pressingjuice from leaf pulp has been made. It works satisfactorily,
but was finished too late in the season for thorough testing. Preliminary tests suggest a
througlput of 500 kg h-t for a unit 0.8 m in diameter, but much larger units could be
made. A pulper suitable for feeding this press has been made but not yet tested,

Work continues on various factors (e.g. leaf species, time of harvest, technique of
protein separation, antioxidants) which influence tle reactivity of p-carotene in moist
leaf protein preserved with salt. (Pirie)

furlyticd ord kotopes Sectiom. One hundred and forty-tbree thousand analyses were
done this year, 36.91morc than last year; of the total, 8.7f was done for other depart-
ments. @rown, Cosimini, Fernhead, Messer, Pope and Thompson)

The Inductivity Coupled Plasma Emission Spectrometer (I.C.P.) instrument, installed
in November 1981, was brought into routine use from April 1982. Comparison of results
obtained from the I.C.P. instrument for P, K, Ca, Mg and Na in our normal range of
samples with those obtained by colorimetric and atomic absorption techniques, gave
linear correlations of better thau 0'99 and slopes of one. Similar figures were obtained
for Cu and Zn.

Determinations of P in crop samples are now all done using the I.C.P. The I.C.P.
instrument has facilitated analltical work inyolving a number of trace elements and
phytotoxic heayy metals, which is now taking up an increasing proportion of our time.
(Cosimini and Pope)

Eight thousand seven hundred analyses of radioactive isotopes were done this year,
2l fewer than the average of the previous 5 years; 52.6\ of the total were done for
otherdeparhents. (Smith)
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Strtr rnd Yisiting workers

G. E. G. Mattingly retired in March after 3l years at Rothamsted, all spent in this
Department. He was Acting Head in 1976 and Organizational SPSO 1978-1982. E. C.
Ormerod retired in May after 17 years and Kathleen Branson resigned after 8 years.
T. M. Adams was appointed in February, M. L. Feamhead in January and L L. Doran
and Miss Lisa Nicholls both in December.

N. w. Pirie went to Calcutta for the Golden Jubilee of the Indian Statistical Institutc,
and gave keynotc talks at the Frontiers of Research in Agriculture symposium and at the
International Conference on IJaf Protein Research in Aurangabad. He also visited
Bangalore and Coimbatore to see the work on leaf protein. G. W. Croke visited the
International Fertilizer Development Centre at Muscle Shoals, Alabama, in March
and October, to advise on research programmes. He attended the l2lh Congress of the
Intemational Potash Insdtute at Goslar (Federal Republic of Germany) in June and
was joint author of a paper presented ttrere. In April he gave a course of lectures in
Madrid. P. B. Tinker and J. A. Catt presented papers at the l2th International Congl€ss
of Soil Science in New Delhi in February, and P. B. Tinker visited Paris in April to servc
on atr International Jury for the World Phosphate Rock Institute Agronomic Award.
He presented papers at the VI Simposia Sobre O Cerrado in Brazil and at the Reclamation
of Disturbed Land Symposium at Logan, Utah, both in October. T. M. Addiscott gavc
a paper at a Nitrogen Research Workshop in Leuven, Belgium, in January, and partici-
pated in project evaluations at the Swedish Agricultural University in December.
A. C. D. Newman attended an EEC Workshop on Soil Structure Methodology in Brussels
in April, and P. B. Baraclough visited the Royal veterinary and Agricultural University,
Copenhagen, to study their modelling methods. A. E. Johnston visited Brazil in October
to give a pap€r at a colloquium on soil organic matter at CENA, University of Sao
Paulo, and then x,ent to IAPAR, Loldrina, Parana State, to discuss collaboration on
soil organic matter work. R. J. Darby attended the Second International Sumner School
in Agriculture, on cereal production, in Dublin in July.

R. Harrison was awarded a Ph.D. by Birmingham University and Karen S. Eide a
Ph.D. by London University. J. G. Buwalda, P. B. S. Hart, G. v. E. Pitta, G. J. T. Scott
(CASE student) and Gamin M. Wang continued their studies, R. Kemp (NERC-CASE
research student with Birkbeck College) arrived as a Ph.D. student, and H. Jones
(SERC-CASE research student with UCNV, Bangor) spent 4 months here. R. M.
Bateman was awarded a CNAA B.Sc. degree 'with commendation' for his day-release
studies.

Dr J. Hartmann arrived from Switzerland in February for I year as a Royal Society-
Swiss National Foundation Exchange Research Fellow to work on drought stress effects
on ion uptake, and Miss Orpah Farrington of the Museum of London arrived in July
to study the 'dark earth' found on old urban centres. Professor J. A. Menge returned
to the USA after spending 9 months sabbatical here, and Mr F. Annot returned to the
Netherlands, Dr Elgal El Aggory to Egypt, Mr Shen Shan-min to China, Dr K. D. Singh
to India, Dr C. Kirda to Turkey, Mr Maneewon Methee to Thailand and Dr M. I.
El-Kherbawy to Eg5pt, having completed varying periods here.

htilc.tfons
Boor

Cooxx, G. w' (1982) Fe lizing for Maxtnam YicA Thi{.d cdition. London:
Granada, i-xiv, pp. 1-465.
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