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OTHER LONG-TERM EXPERIMENTS

ln addition to the Classical experiments started by Lawes and Gilbert, there are
several other long-term experiments at Rothamsted and at two other sites, Woburn
and Saxmundham, on contrasting soil types. Some of these are discussed below.

AT ROTHAMSTED

The Ley-arable experiments at Rothamsted, on Highfleld and Fosters fields, started
in 1949. Their purpose was to look at the effects of different cropping systems on soal

organic matter and yield. The two sites have the same soil type but lhe cropping
histories of each are very different. Highfield had been in permanent grass for
several centuries; on this site some plots stayed in permanent grass, others went
into continuous arable cropping and some alternated between leys and arable.
Fosters had been in arable cropping for
several centuries: on this site some
plots stayed in continuous arable, some
went into permanent grass and others
alternated between leys and arable.
Although we no longer measure yields,
we continue to monitor SOM. Figure 8
shows that, even after more than 40
years, soils had still not reached the
equilibrium values associated with the
revised cropping systems. Thus, in soils
ploughed out of permanent grass, SOM
is still declining whilst in soils put into
permanent grass, SOM is still increasing.

Other long{erm experiments at
Rothamsted have been used to study
the effects on yield or soil of plant
available P and K. liming, growing
continuous maize, incorporating straw
or of applying pesticides for many years.

Fig.8 Highlield and Fosters Ley-arable.
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ATWOBURN

Experiments at Woburn began in 1876
under the auspices of the Royal
Agricultural Society of England. The
principal aim was to test the residual
manurial value to crops of two
contrasted feedstuffs fed to animals in
covered yards or on the land.
Rothamsted took over the management
of the farm in the 1920s. ln contrast to
the silty clay loam at Rothamsted,
which, typically, contains 20-40% clay,
much of the soil at Woburn is a sandy
loam containing about 8-14% clay. lt is
much more difficult to maintain or
increase SOI\,1 on this soil, and several
of the long-term experiments at Woburn
were established to study the effects of
management on SON,4 and yield.

Ley-aable (foregrcund) and Organic

Manuring (middle) experiments at Woburn

The lntensive Cereals experiment (winter wheat and spring barley grown

conlinuously to mirror those at Rothamsted) started in 1876. Unlike most of the
arable soils at Rothamsted, those at Woburn contained little or no free calcium
carbonate and the soil pH was probably c.6. Consequently, within 20 years the
experiment ran into problems with soil acidiflcation where ammonium sulphate was
applied, and yields declined markedly. Although the Ilrst experiments on liming in the
UK were started on these plots in 1897 yields did not recover to their former level. ln

retrospect, it is possible that yields were also affected by cereal cyst nematodes,
which can be a problem with continuols cereals on lighter textured soils. For many
years, the yields remained poor, and the site was divided for a number of other
experiments. One tested the effects of growing grass-clover leys for one to six years

on the yield of subsequent arable crops. Yields of up to 9.0 t ha'' of wheat grain and
75 t ha-'of potato tubers were achieved following the longer leys.

The Ley-arable experiment started in 1938 to compare the effects of rotations with or
without grass or grass-clover leys on SOM and the yield of two arable test crops. Soils
at Woburn that have been in continuous arable cropping since '1876 contain about 0.8
% C, and %C is still declining slowly: soils that have alternated between 3-year leys and

2-years arable since 1938 mntain about 1.2 % C. Effects on the yield of the Iirst test

crop, winter wheat, are shown in Figure 9. Typically, where no ferliliser N is applied,
yields are greater following the grass leys than in the continuous arable sequence
because more N is available from the mineralisation of SOM. Following grass-clover

leys, yield is increased further because of the extra N being made available from the
breakdown of the leguminous residues. Following the leys, a larger yield is often

achieved, with less fertiliser N, compared with conlinuous arable cropping.
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The l\.4arket Garden experiment
started in 1942, originally to look at
the effects on SOM and crop yield of
various organic inputs; namely FYI\4,

compost and sewage sludge. The
experiment was grass from 1974 to
1982. When concerns were
expressed in the late '1970s about the
heavy metal content of sewage
sludges being applied to agricultural
land, the experiment was "re-
activated" to examine the fate of
metals that had been applied in the
sewage sludge between 1942 and
1961. The value of archiving samples
was well demonstrated because soils
and samples of sewage sludge from
the earlier phase of the experiment
had been saved. lt was, therefore,
possible to compile, for various
metals, a budget of the amount
applled and the amount remaining in the soil. Total zinc (Zn) and cadmium (Cd)
concentrations in the topsoil were much higher in sludge-amended plots than with
other treatments. Calculations suggest that about 80% of the metal load applied
between 1942 and 1961 remained in the soil, predominantly in the top 27cm. From
1983, crops potentially sensitave to heavy metals were grown and analysed, as was
the soil. Uptakes of Zn and Cd by these crops were minimal, although concentrations
of c.g. Cd in barley grain could exceed current guidelines when grown on soils with
high Cd contents. The heavy metals applied in the sludge also afiected the soil
microbial biomass; more than 20 years after the last application, the total amount of
biomass in sludge-amended soils, was half that in low-metal soils. lt was also found
that a strain ol Rhizobirnn (R. leguuinosanun biovat ttit'olii\ involved in symbiotic N2
fixation in clover (Trifolim rcpe s) was ineffective at N2 fixation in sludge-amended
soils but remained effective in FYM and control soils. Clover grown on the metal-
contaminated plots yielded 60% less dry matter than clover grown on uncontaminated
plols. Although the permitted levels of metals in sludges are now much lower than
those used in the Market Garden experiment, findings from the experiment are still
relevant and were used to help formulate EU legislation regarding loadings for heavy
metals in soil. The experiment is now being used to evaluate the effectiveness of
hyperaccumulator plants, i.e. plants that can naturally accumulate large amounls of
metals from soils and which, potentially, could be used to "clean up" soils
contaminated with heavy metals.

Other long-term trials at Wobum include the Organic Manuring experiment, which started
in 1964, and fudher experiments on heavy metals, incorporating straw and continuous
maize (the latter two experiments duplicating those on the heavier soil at Rothamsted).
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Fig.9 Woburn Ley-arable.
Mean yield of wheat grain
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AT SAXMUNDHAM

The soil at Saxmundham is a heavy sandy clay loam, which can be difficult to
cultivate; it provides a further contrast to the soils at Rothamsted and Woburn. Two
long-term experiments were started at Saxmundham in 1899 by the East Suffolk
County Council. Each consisted of four blocks so that a typical Norfolk four-course
rotation could be grown, with each crop present each year. On Rotation lthere was
a test of combinations of N, P and K plus bone-meal and FYM treatments. Rotation
ll sought to determine how limited amounts of FYM, sodium nitrate and
superphosphate could best be used over lhe four-course rotation. When
Rothamsted assumed responsibility for the site in '1965 the experiments were
reviewed and modified. The Rotation ll experiment has been used to look at the
responses by various crops to fresh and residual P The critical level, above which
there is no further response to fresh q is much higher and more variable on this
heavier soil than on the better soil at Rothamsted (see Exhaustion Land above). The
Rotation I experiment continues to look at crop responses to both P and K and their
interactaons with N, particularly where much fertiliser N is being applied to high
yielding cultivars of wheat with the aim of achieving bread-making quality.
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