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In thinking back over thelast three
months to the Royal Show, a Cereals
Demonstration and Information Unit
tour to study cereal growing in cen-
tral France with some top British
farmers, a couple of Ministeria
reports and various interesting con-
versations | am of the opinion that
the Association's technical
dissemination work will become of
increasing importance as farmers
minds turn more and more towards
soil management.

The indications for this change
may perhaps be unrelated at thistime
but I' trust my reasoning is correct.
On the cerea tour | had the oppor
tunity of talking to growers and it
was obvious that their main obses-
sion was sprays and crop protection.
The spraying regimeswere impressive
by tr;%dprotectiveneas of the policy
impo on the crop yet the crop
establishment systemswere varied to
the point of confusion. Anythin
from direct drilling to convention
methods were used and even then
these men were dissatisfied and con-
vinced that crop yied was not at the
maxi mum.

Isit possiblethat soil management
to produce the right conditions for
root growth may be important? Does
the absence of waterlogging, the ease
of root exploration and good nutrient
availability really mean that plants
grow better and possibly stay
healthier or withstand disease attack
longer? The answer must undeniably
be YES. Two pointers towards this
which immediatelly occur to me.
Firstly, direct drilling, which | am

pleased to see Massey Ferguson have
now committed themselvesto by the
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production of the MF130 Dirill, (In-
cidentally this technique was ad-
vocated as an important energy saver
in the Little NEDO report), shows,
by the work Letcombe Laboratory
have done and now ADAS are
developing to have a beneficia ef-
fect on soil structural stability, the
earthworm population aids root
penetration and that water stress is
therefore less likely to occur as roots
go deeper.

John Muirhead, a thoughtful and
highly successful farmer has arrived
at the same or perhaps better root
growth conditions after many years
of careful work. On his soil type he
has developed a machine which stirs
soil to depth (see Farmers Weekly Ju-
Iy 7th if you missed him at the
SAW.M.A. Spring Conference)
and is achieving some highly im-
pressive results. His method is attrac-
ting a lot of attention but | am sure
he would bethefirst to point out that
what he is doing is right for his soil
tﬁpe and may not be proper all over
the country.

Both direct drilli

ng and deep stirr-
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ing adlow water to move down
through the soil more quickly to
drain depth. Drainage contractors
will certainly be encouraged if these
methods are redly here to stay as
thereis nearly alwaysa water surplus

between rainfall and evapo-
transpiration. | also hope that al
farmers take a little bit more notice
of drainage maintenance and their
soils.

It is very pleasing to note that at
least one British company is prepared
to make a substantial investment in
agricultural  engineering after the
Department of Industry Study 1978
as you will see below.

BRUFF EXPAND

~ The Bruff expansion programme is
in two forms, the product rangeis be-
ing increased to include Trench Dig-
gers which are complementary to the
Trenchless Machines, and the first
model in this range is the BH3, this
being capable of digging a trench
5'9" deepand 515", 7" or 9" wide.
The second part of theexpansionis
an enlargement of their manufactur-
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ing facilities. The factory floor-space
has been increased by 25% and with
the appropriate increase in tooling,
this has provided by the production
of both Trenching and Trenchless
Machines.

Bruff has for many years been
recognised as the leading manufac-
turer of Trenchless Drainage
Machines, and, in fact, pioneered
this system of land drainage. Thereis
a comprehensive range of Bruff
Trenchless Machines offered. The
TG1, a low-priced unit drawn by a
10-ton winch which has a workin
depth of 3'6": the popular TG3 an
TG3S modelsare mounted on a 120
h.p. 4W.D. tractor and lay land
drainsto adepth of 5'6". Thelargest
isthe TG5 model and thisisa tracked
machine powered by a 240 h.p.
engine. This machine can lay land
drainsto a depth of 7'0".

In addition to the equifpment
aready mentioned Bruff offer a
range of Gravel Trailers provided
with alivedriveto thetrailer axleand
the gravel discharge conveyor can
deliver to either the right or the left-
hand side.

So what isSodium Bentonite —

| recently had a discussion on this
material and its possible uses, which
seem (quite extensive, during the
chgll Show.

dium Bentoniteisa naturally oc-
curring clay which has some
remarkable properties. The most
useful one is that by its molecular
structureit isable to absorb water up
to15timesitsown dry bulk. It isaso
an inert material. Sowhat, | hear you
saving.

Tts main use is to seal reservoirs.
This is done by mixing the bentonite
with material from the reservoir sides
and bottom to form a tilth. Add
water and the particles separate out
and sedl all faults, pores and cracks
in the reservoir. Because of its inert
nature it isalso possibleto use thisin
dlurry lagoons or wherever a sealing
materia or liner may haveto be used.
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Soil Organic Matter

LIGHT LAND AND SOIL ORGANIC MATTER

Vb3

A. E. Johnston and G. E. G. Mattingly, Rothamsted Experimental Station,
Harpenden, Herts., have written this article summarising results which have
been obtained during many years of experiments on light land at Woburn
Experimental Farm. It describes changes in soil organic matter which have

occurred under various farming s%/stems and gives yields of both cereal and
th different amounts of organic matter.

root crops grown on soils wi

The history of the Woburn farm
and the experimental programmes has
been described in detail elsewhere'.
Experimentswerefirst started in 1876
by the Royal Agricultural Society and
since 1926 the farm has been the
responsibility of Rothamsted Experi-
mental Station so that both cropping
and manuring are wedl known for a
100 years.

The soils of the farm have aready

djmm_ described briefly' and in more
etail elsawhere?®*. Here we dis
cuss work on the lighter soils of the
Cottenham, Stackyard and Flitwick
series. Cottenham  soils are freely
drained and usualy sand or loamy
sand throughout the profile. Most of
the sandy soils, however, are classi-
fied as Stackyard series. They are also
freely drained but the surface 60 cm
or more is usuadly sandy loam.
Flitwick soils have the same texture
and stone content as Stackyard soils
but are less wel drained.

Soil organic matter and soil structure
Soil organic matter is betero-
geneous group of materias, the
chemica and physical properties of
which are ill only partidly under-
stood, particularly the effectiveness
of various fractions of soil organic
matter in stabilising structure. In
addition, soil organic matter releases
plant nutrients, especialy N, Pand S,
in forms available to plants as it
decomposes. This process is referred
to as mineralisation. These nutrients
are often wdl distributed through the
plough layer and may be released at
times when they can considerably
benefit growing crops. Organic mat-
ter aso affects the water-holding
capacity of soil. _ _
he amount of organic matter in
soil depends on the auantities of
organic carbon compounds added
and the rates of oxidation of these
compounds and of existing soil
organic matter. Both are affected by
the farming systems practiced. When
a farming system has remained un-
changed for a very long period soil
organic matter replaces equilibrium
values which differ according to
farming system, soil typeand climate.
The amount of organic matter in
soil is determined from the organic
carbon content. Percentage organic
matter equals %C x 1.72 because
organic matter contains about 58%

Soil structure is a term which

cannot bedefined simply, nor isthere
any simple laboratory method of
analysis which places soils in a soil
structure classification which relates
to the structural behaviour of soilsin
the field.

Plant roots need both air and water
which both compete for the spaces or
pores which exist in most soils. There
are two concepts of soil structure.
One considers the stability, spatia
distribution and size of pores and
field descriptions of soils which dis
cuss cracking and root distribution
often relate to this concept. The
second considers the aggregation of
individual particles into recognisable
units or crumbs. Many laboratory
measurements relate to the stability,
especialy to water slaking, of these
crumbs. These two concepts are not
mutualy exclusive and soil organic
matter helps to stabilise both crumbs
and pores. Many aspects of the role
of organic matter in soil fertility have
been critically reviewed recently®.

Organic matter and farming systems

The amount of organic matter in
roil will aways change towards a
steady (equilibrium) value and some
of the factors which affect this value
have been mentioned above. This
effect is wdl illustrated in Fig. 7
which shows changes in soil organic

°ls Soil organic

matter on dglty clay loam soils at
Rothamsted and on ‘sandy loam soils
at Woburn. At both farms cereds
have been grown continuously for
more than 100 yearson NPK-treated
soils. Organic matter in thessilty clay
loam reached its equilibrium value,
about 1.8%. by the 1880s and chang-
ed little during the next 90 years. In
1876 the sandy loam soil contained
more organic matter (2.5%) than the
clay loan but, under continuous
cereals, organic matter fell steadily to
1.2% so that it isnow lessthan in the
clay loam soil. Fig. 1 also shows that
farming on a traditional 4-course
rotation failled to prevent a very
similar loss of organic matter from
the sandy soil. In fact, the increase
from organic matter added to soils
during rotational cropping rather
than continuous cereals was remark-
ably small (less than 0.2%) on this
sandy loam soil.

Effects of bulky organic manures

. Appreciableincreasesin soil organ-
ic matter can result from applying
large dressings of bulky organic
manures (5). Fig. 2a showsthe effects
of FYM; 25 dressings of 375 t
FYM/ha each year from 1942-1967
increased organic matter from 1.5 to
2.8%. Doubling the dressing in-
creased organic matter to 3.9%. It is

matter
25 8“0\\
r \ \\
INW
"\
\
2 O = Q. \\
A
— A N
—— A <:P'O_ﬂ/ \‘--.__ /
Py ——‘\)\ a
\\o_\
1.5‘ H"‘\‘_
O..__‘
~o
O...______‘O
1.0
0.5
oL [ —
1850 1500 1950

Years



Soil Organic Matter

°le SOl
organic
matter (a) (b)
40 . o
3 \
. / '\ \
35F K N
\ L ]
\.
®
30r o
o,
o/ S
25 / @
o
.
2.0L ~0
o--*"""o-_-_-—C>
O/ ®
15b /
o
Lo oy
1.0‘- FYM »;topped Pect_stapped
1 1 1 y Ll ]/_I
1942 51 '60 '67 72 '62'63 '68 '70

important to note, however. that once
the FYM dressings ceased after 1967
organic matter began to decline. In
fact, during 1967-1972, the mean
annual rate of declinewaslarger than
the mean annual rate of Increase
during 1942-1967. Soils which had
received the single and double dress-
ings of FYM lost 03 and 0.7%
organic matter respectivelyin 5 years.

Fg. 2b showstne effect of adding 6
dressings of either 7.8 or 235 t/ha
peat dry matter, about 23 or 69 t/ha
fresh peat. Soil organic matter in-
creased from 1.2% to about 2% with
thesmaller dressing and to 4.2% with
thelarger. Even with a comparatively
inert organic material like peat, soil
organic matter started to declineafter
1968 when peat dressings ceased.

At the start of the experiment the
soil contained 1.75% organic matter
and Fig. 3b shows how this changed
under the contrasted farming sys-
tems’. With continuous arable crop-
ping about 0.2% organic matter
(about 10% of the amount at the
start) waslost during thefirst 18 vears
but an equilibrium value of 1.5-1.6%
organic matter appears to have been
established. Where FYM was given
once in § years organic matter de-
creased only a little and remained at
about 1.7%; these FYM-treated soils
now contain about 0.15% more
organic matter than identically crop-
ped soilswithout FYM dressings. It is
Important to note that an FYM
dressing of 38 t/ha (15 tons/acre)

Years

once in five years (about as much
FYM as mipht be available on many
mixed farms) has such a small effect
on total soil organic matter in sandy
loam soils under continuous arable
cropping.

Under the sequence of 3 year leys
followed by 2 arable crops organic
matter was increased by 0.4% (23%
of the amount at the start) but it has
taken 30 Kears (6 five-year cycles) to
achieve this increase. Where FYM
was given to one of the two arable
cropsin thisley arable system organic
matter increased by 0.7% but it took
30 years to achieve this increase.

The increase in organic matter due
to FYM in the ley-arable system was
0.3%, which was double the increase
(0.15%) due to the same amount of
FYM under continuous arable (Fig.
3b). Thisillustratesthe fact that there
is no standard effect of FYM or leys
on soil organic matter. Another
example of this 1se?iven in Fig. 2a
which shows the effect of annual
dressingsof 75t FYM/ha from 1942
to 1967. In the first 10 vears the
average annual increase in organic
matter was 0.14%, in the last five
years the increase was only 0.05%/
year. This was because the size of the
increase diminishes as % organic
matter approaches the equilibrium
value.

Theeffect of leysvariesin asimilar
way. A three-year ley oncein 5 years
increased soil organic matter by 0.4%
in 30 years (Fig. 3b) whilst an

unploughed ley down for seven con-
secutive years gave more than half of
this increase, 0.26% organic matter
(Fig. 3a).

Large dressings of sewage sludge
also increase soil organic matter5 but
they may create problems by adding
toxic metals to. the soil.

In an experiment made durin
1965-1971 some soils received annu
dressingsof FYM and straw whilst on
others organic matter accumulated
under grass leys®. Total amounts of
FYM and straw applied were 250 t
and 54 t/ha respectively. On soils not
under leys arable crops were grown
except in the first year. The effects of
thesetreatments are shown in Fig 3a.
Organic matter declined on soilsgiven
fertilisers only although good crop
weregrown throughout the six years.
During this period the largest increase
in organic matter (0.47%) was from
250 t FYM/ha. Straw also pave a
measurable increase in organic matter
but the annual dressing, and 9.0 t/ha,
was between 2 and 3 times as large as
that which would be available for
ploughing in after a good cerea crop.
After 1970 additions of organic mat-
ter as FYM or straw or from leys
ceased. Bv 1975-1976 soil organic
matter had declined most whereit had
accumulated from dressings of FYM.

Effectsof ley arable farming

In the 1930s much was written
about the merits of ley arable farm-
ing. The need to increase the arable
acreage during the war, and post-war
economic pressures, have meant that
ley-arable farming as originally con-
ceived has never really been practiced
on those soils and in those areas
where intensive arable cropping is
possible. In an experiment at Woburn
continuous arable cropping has been
compared with a ley and arable
system since 1938 on a five-year cycle
of three years ley, grazed grass or
lucerne, followed by two arable
crng. The three-year leys and the
arable crops grown in the same years
are referred to as treatment crops.
Their effectsare measured on the two
arable crops that follow, usualy
called the 1st and 2nd test crops. Until
1967 38t FYM/ha was applied to the
fourth crop in the five-year cycle on

half the plots. The dressings were
cumulative.

Effects of continuous grass

The equilibrium value for organic
matter under continuous grass is
larger than that under continuous
arable because the input of organic
carbon compounds each year is
larger. Unfortunately we have no
experiments at Woburn in which
there has been continuous grass for
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magﬁ/ years. However, soil from a
small area of permanent grass on part
of the farm now contains 4.6%
organic matter; al arable and ley
arable soils have much less organic
matter than this. Work on Rotham-
sted soils suggests that it may take
more than 100 years to reach the
maximum organic matter content
under permanent grass after seeding
down old arable soils. However the
results also show that the organic
matter content will increase half-way
towards the maximum value in about
25 years, becausethe rate of accumu-
lation is faster in the earlier rather
than the later years.

Organic matter and crop yields

Over 20 years ago, in a review of
the importance of organic matter in
crop production, Cooke and Garner®
found little evidence from experi-
mentsin Britainthat organic manures
increased yields by more than the
nutrients they contained. Yields of
crops produced by fertilisersonly, in
asix-courseall-arable rotation experi-
ment at Woburn between 1930-1948,
were above the national average and
they stated "It is likely that fertilisers
may be used to maintain crop yields
at economic levels without organic
manuring on similar kinds of light
soils. Better crops would no doubt be
grown by using organic manures as
vel | wherethey are available’ . Cooke
and Garner concluded that ‘None of
the modern experimentsin Britain (in
1954) have tested organic manuresin
the presence of optimum fertilizer
dressings, and until this is done the
physcad effects of the organic
manures cannot be measured with
certainty’.

It has, however, proved to be more
difficult and time-consuming than
anticipated to design experiments
which provide incontrovertible evid-
ence of the benefits of organic matter
on crop ?/ields and even more difficult
to establish probable reasons for its
value. In part thisis becauseso many
factors, (Increased fertiliser use, im-
proved varieties and better disease
and pest control), interact to control
crop growth. These effects are so
large that average yields of most
crops are now about double those
growninthe 1930s and 1940sand best
yieds (wheat 7-8 t/ha, barley 6-7
t/ha, potatoes 60-80 t/ha) are much
larger than those on which Cooke and
Garner based their conclusions.

Results from some experiments
comparing organic manures at Wo-
burn during the past 30 years are
eiven bdow together with a brief
account of other factors (eg. nema-
tode infestations, soil-borne patho-
gens, movements of nutrients inte,
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and depletions from, the sub-soil?
whichcomplicatetheinterpretation o
the results.

Benefitsfrom bulky organic manures

The value of large dressings (37.5
and 75 t/ha) of farmyard manure,
sewage dudge, a vegetable compost
and a compost made from sewage
sludgeand straw were compared with
inorganic N, Pand K fertilisersin an
experiment started in 1942 on market
garden crops. This experiment, and
othersin thelate1930sor early 1940s,
were designed before the importance
of balancing all major nutrients was
appreciated or, indeed, before staff
and rapid methods of chemical analy-
ss were available to ensure it was
done. At the start of the experiment,
the amounts of plant nutrients in the
inorganic fertilisers were much small-
e than those applied in the bulky

organics and, by 1961, the amounts
and vertical distribution of available
nutrientsin the soilsgiven organics or
fertilisers were very different (Table
n.
The contrast between the amounts
of P and K which move into the
sub-soil from heavy dressings of
either farmyard manure or sewage
sludge are remarkable and make
direct comparisons between these
organic manures virtually meanin?g
less. Further applications of P and
after 1960 lessened the difference
between the amounts of nutrients in
soils given many dressings and farm-
yard manure and H g 4 shows yields
of red beet, grown in 1966, on FYM
and fertiliser plots.

Johnston and Wedderburn® com-
mented that *“ — even after giving
extra P and K to fertilizer plots the
bicarbonate-soluble P and exchange-
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able K in the soil were still larger on
the FYM plotsin 1966. Thus we still
cannot be certain whether the extra
7.5 t/ha of red beet given by FYM
plus most fertiliser N compared to the
yield with most fertiliser is due solely
tothePand K in the soil. However, it
seems probable that some of the
difference in yield is due to the extra
olrganic matter in thesoilsof theFYM
plots'.

In a more recent experiment, de-
signed to measure the value of farm-
yard manure, leys and other organic
manures for agricultural crops, the
same total amounts of P, K and Mg
applied annually for 6 yearsin FYM,
wereapplied, as fertilisers, on control
plots®., The amounts and vertical

ibutio 1 of these nutrients in soils

1 both FYM anc fertiliser-treated
plots were veary similar (Table I).
Maximum yields of potatoes, winter
wheat, sugar beet and barley (Fig. 5)
were al greater (by 6-17%) In soils
containing residues of FYM than on
soils growing a sequence of arable
crops.

Benefits from leys

The ley-arable experiment at Wo-
burn has been described above and
Fig. 3b shows % organic matter in
thesesoils. Theearly results, when the
amounts of fertiliser used were small,
showed that yields of the test crops
were larger after the grazed ley
because nutrients applied to the ley
were returned to the soil by grazing
sh and benefited the followin
arable crops. When the amounts o
fertilisers wereincreased (particularly
N) the benefit from conserving
nutrients by grazing lessened. Yieds
of potatoes (the first test crop during
1950-1955) were often poorer after
lucerne than expected because the
amount of fertiliser K applied wasless
than that removed by the lucerne and
so the potatoes were short of K.
Fertiliser dressings were, therefore,
increased and, before the first test
crop isgrown, extrafertiliser K isnow
applied, on the basis of soil analysis,
to balance up the soluble K in all
soils.

The unambiguous evauation of
benefits from leysin this experiment
was further complicated by potato
cyst-nematodes which developed in
the al-arable cropping sequences.
The first test crop was consequently
changed to sugar beet and Table 2
give7s yields of sugar between 1965-
1967.

Sugar beet yielded a little more
after a 3-year lucerne or sainfoin ley
than after a 3-year arable rotation
both in the presenceand absence of a
3B t/ha dressing of FYM to the best
and even though much morefertiliser

Table 1, Verticad distribution of soluble P and exchancj;eable K in soils given
I

farmyard manure, sewagesludge or fert

isers.

(Resultsin mg/kg air-dry soil.)

Market Gardenexperiment,1%1

OrganicManuring
experiment, 197273

Depth Fertilisers Farmyard Sewage Fertilisers Farmyard
(em) only manure sludge only manure
P K P K P K P K P K
0-23 103 i1 178 377 166 102 69 253 70 244
23-30 93 101 149 166 150 88 60 282 63 302
30-46 79 93 127 361 97 84 26 202 21 222
46-60 78 83 108 308 78 67 16 127 15 143

N was given to the beet following the
arable crops. Table2 aso showssome
benefit from FYM which was not
obtained by fertilisers alone. Boyd",
averaging yieldsfor al amounts of N
tested, concluded this effect "‘was
small in the grazed ley and arable
(hay) rotations (not given in Table 2)
but considerable after lucerne (045 t
sugar/ha) and after arable (roots)
(0.70 t sugar/ha)”’.

The experiment shows, after more
than 30 years of ley and arable
farming at Woburn, that three-year
leys have had surprisingly little effect
on the yields the arable crops,
particularly ceredls, that foIIoweda
them, that cannot be explained by
crop nutrition, particularly N supply.

Results from a more recent experi-
ment(H g. 3a) which teststhe value of
longer leys (7-8 years), suggest that

Table2 Effectsof leysand farmyard manures(FYM) onsugar best
(1965-1967).
(Sugar yield, t/ha.)

Fertilizer N applied, kg N/ha

Treatment Mean
44 88 132 176 220
Without FYM
after lucerne 8.33 8.86 8.85 8.95 8.75
after arable 7.43 8.13 8.25 8.33 8.04
Wwith FYM
after lucerne 9.15 9.29 9.31 9.06 9.20
after arable 8.32 8.72 9.14 8.76 8.74

In 1968-1970 barley replaced sugar
beet as the first test crop. Yidds
averaged less than 4 t grain/ha and
were the same after a 3-year ley as
after arable cropping when the cor-
cect amounts of N were given. Pota-
toes werea%ain grown as thefirst test
crop from 1971-1975 but thistime a
test of fumigation to control free-
living nematodes, among other pests,
was included. This was necessary
because there were differences in the
numbers of freeliving nematodes
which had built up under the farming
systems tested. Potatoes consistently
yielded more when they followed a
grass ley or sainfoin” than when
following arable crops. Fumigation
with chloropicrin and granular appli-
cations of aldicarb or, in two years,
with dichloropropene and aldicarb
increased mean yields by 8.7 t/ha. It
was, however, Impossible to test a
range of N dressingsso it is uncertain
whether yieldsfollowing arable crops
would have increased to those after
leys if more N had been given. The
second test crop (winter wheat) from
1972-1976 measured any residua
effects of fumigants to potatoes and
also tested 4 rates of N. There was
little benefit from leys or from
fumigation.

they increase yidds of potatoes,
winter wheat, sugar beet and barley by
9-18% above the maximum vyieids
obtained in an all-arable cropping
sequence(H g. 5). The extra organic
matter derived from these long leys
appears to last longer than expected
and both grass-clover and grass with
N leys, which behaved similarly,
increased maximum yidds of pota-
toesin 1977, 6 years after they were
ploughed, by about 10 t/ha more
than on soils under continuous arable
cropping. It is not yet clear whether
thegreater benefitsfrom the 7-8 year
leys derive from physica effects on
soil structure of the larger amounts of
organic matter ploughed in, or their
greater N content or because yidds
are poorer than expected on the
impoverished soil (1.20% organic
matter) which serves as a control in
thisexperiment. The benefitsfrom ley
farming on A.D.A.S. Experimental
Husbandry farms, which were most
apparent In dry summers, have been
attributed to a small increase in the
available water capacity of soils
following 3 year or 9 year leys™.

Benefits from peat
Sedge peat, which ishighly organic,
has been used in severa experiments
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at Woburn to increaseorganic matter
in soils. It contains negligible a
mounts of P and K (but some Mg)
and the nitrogen it contains mineral-
ises very dowly. A micro-plot experi-
ment, started in 1963, tested four
rates of application of peat (Fig. 2b).
In the early years of the experiment
carrots and red beer, grown with
uniform N, yielded dightly more on
plots containing the most peat than in
its absence but the effects were small
(5-10% increase). Potatoes grown in
1973 and 1975, with four rates of N
manuring, consistently yielded better
and used N fertiliser more efficiently
on plots containing the most peat
(Table 3). Peat appears to havelittle
effect on the structural stability of
sandy loam soilsbut in this, and other
experiments, it appears to increase
their water holding capacity and the

—kg Nfha—

160 240 320 __kgN/ha—O 50

Table3. Effectsof peat and N
fer » onpotatoy plds.
{Means of 1973 and 1975.)

(Total tubers, t/ha.)
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efficiency with which nitrogen is used
by crops.

Benefits from green manuring

Dyke, Patterson and Barnes™ have
recently summarized results from
many experiments on green manuring
at Woburn. In the more recent ones,
green manures (trefoil or ryegrass)
weretaken as catch crops. They were
sown after lifting earlly potatoes to
test their effects on following barley
or they were undersown in barl
before growing potatoes in the fol-
lowing year. Table 4 shows the effects

The cumulative effects of long-

continued green manuring with rye-
%ass were considerably greater and
gy state **athough green manures,

grown twice in successive years, do
little more to improve yidds than
single green crops, long-continued
green manuring has an appreciably
greater effect and, when discontin-
ued, leaves residues which increase
barley yields for at least five years'".
Although the direct effects of trefoil
(largely the release of nitrogen from
the crop by mineralization) are great-
er than those of ryegrass the residual
effect of ryegrass appears to last
longer than that of trefoil, presum-

bl fReRHSe e CRRRPE 3ad G1APItH
microbial breakdown jn soil. .

Unfortunately in this experiment
we cannot estimate changes in soil
organic matter due to treatments
because no soil samplesweretaken in
1934 at the start of the experiment.
However, by 1961, soils with no
organic manures contained 0.078%
N. At the end of 25 years soils with
green manures contained 0.010%
more N, equivalent to about 340 kg
N/ha, than soils without green
manures. During the same period
additions of straw (3.8 t/ha) in
alternate years after the barley har-
vest increased soil N 0.006% N.
These increases may be compared
with the effect of the-residues of nine
Sresnings o EYM (i) 1688°44R
1953. In 1961 the increase in soil N
due to these residues was 0.008%.
Green manures therefore increase the
organic matter in soil by more than
the increases for small, but frequent,
dressings of straw. Mareover, green
manures, grown in autumn and win-
ter between spring sown cash crops
offer farmers a means of maintaining
or increasing the stock of organic
matter in their soils and of lessening
dependence on fertiliser N without
loss of production.

Table 4. Effectsof short-term green manuring* on yieldsof barley
~ {1964-1967). .
(Barley, grain, t/ha, at 85% dry matter.)

Treatment N applied to barley, kg N/ha Mean
0 38 75 113
ND green manures 1.70 2.70 4,01 455 3.24
Incressefrom
Trefall +174 +1.58 +0.74 +0.30 +1.09
Ryegrass +0.04 +0.24 +0.14 +0.26 +0.17

1 Ome 07 two undersown crops of trefoil & ryegrass

Peat Fertiliser N goplied, kg N/ha
applied
{t/ha) 0 100 200 300
0 24 33 44 41
8 27 33 40 45
55 28 39 43 §7
110 26 41 51 57
165 28 40 50 61

of short term green manuring of one
or two crops of trefoil or ryegrass
ploughed down, on yields of barley.
Trefoil greatly Increased barley yields
in theabsence of N fertiliser; its effect
declined as fertilissr N dressings

increased. Ryegrass had little effect

on yield.

In some years, ploughing down
green manures has improved yidds of
the crops which follow them more
than can be achieved by any amount
of N fertiliser applied as a con-
ventional singledressing. The circum-
stances umnder which these large
effects are observed. and the reasons



for them, have not been fully invest-
igated. It seems likely, however, that
trefoil residues decompose dowly in

moist soil and release significant
amounts of nitrogen latein the season
when fertiliser N, especidly if applied
in early spring, may have been leach-
ed from light land. Green manures
are more effective in years when the
rainfall in May and Juneis sufficient
to keep the soil moist for most or dl
of the growing season and irrigation
(Table5) has increased barley yields
at Woburn somewhat more with
trefoil than without.

Table 5. Effects of irrigation (7.0~
§.9 cm water) on yidd of barley in the
presence and absence of green
manuring with trefoil.
(Barley, grain, t/ha, at 85% dry

matter.)

No tr efail Trefoll
No irrigation 2.91 3.24
Irrigated 3.74 4.30

Conclusions and summary

1. Soil organic matter has decreased
inall farming systemson light Lad at
Woburn and has approximately halv-
ed since 1876. Land farmed largely in
a 4-course rotation contains only
0.2% more organic matter than land
growing continuous cereals.

2. Annual additions of about 20-25
t/ha of farmyard manure (two to
three times the present average usage
in England and Wales) are needed to
compensate for these losses.

3. Larger additions (38-75 t/ha) of
farmyard manure, sewage sludge or
composts have doubled the organic
matter content of the soils in 20-25
years.

4. Three-year leys, followed by 2
years arable cropping have increased
soil organic matter by about 20% and
a three-year lucerne ley by less than
10%. Trefoil and ryegrass, under-
sown in barley, prevented the decline
in organic matter in soils growing
alternate crops of ceredls over a
period of 25 years.

5. Most of the benefits of organic
manures can be accounted for by the
nutrients they supply. In a few
experiments red beet and potatoes
appeared to grow better on soils
containing more organic matter than
on soils given only NPK fertilisers.
Potatoes also yielded more on soils
enriched with peat and given ade-
quate amounts of N fertiliser than on
soils not enriched.

6. Most of the benefits from a
sequence of three-year grass or
lucerne leys, followed by two arable
crops, were accounted for by the
nitrogen they released. Ploughing up
longer leys (7-8 yearsin grass (+ N)

»

or grass-clover) consistently increased
yields of arablecrops which followed
them by more (3-18%} than could be
attributed to the N they released.

7. Largedressingsof peat (upto 165
t/ha) increased the organic matter in
the soils and increased potato yields
much more in the presenceof much N
fertiliser than when little or no N was
given.

8. Trefoil undersown in a nurse crop
and ploughed down in spring some-
times improved yields of following
crops morethan could be achieved by
any amount of N fertiliser applied as
a conventional singledressing. Green
manuring maintains or dightly in-
creasessoil organic matter in soilsand
lessens the need for, and dependence
on, fertiliser nitrogen.
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LIME, FERTILISERS AND THE SOIL
Soil Scientist with A.D.A.S. at Bristol

gave this article as 8 paper during the Soil Structure and Drainage Conference
held in March 1978. Many of the topics discussed will be of certain interest to

you

INTRODUCTION

Limeand fertilisersare clearly part of
the overal fertility of the soil. At a
Conference on Soil Structure and
Drainage it is pertinent to en?uire
whether they have any specificeffects
on soil structure.
In effect farmers and growers are in
business to catch sunlight and con-
vert it into something saleable. Crop
lants can be regarded as taking car-
on dioxide, minera nutrients and
water, and, using the energy from
sunlight, converting them into
organic matter of various kinds,
some of which can be sold or con-
verted to saleable produce; eg swede
and carrot roots, lettuce and cabbage
leaves, apples, tomatoes and grain;
eggs and bacon from grain, milk and
meat from grass and so on.

The carbon dioxide comesinto the
leaves from the air but the water and
minera nutrientsin solution comein
through the roots. An efficient root
system is therefore a basic require-
ment. Some horticulturalists grow
crops in peat bags or in peat/sand
composts and a few are trying the
nutrient film technique but most peo-
ple have to grow their crops in soil
and soil conditions must be such that
roots can function properly.

ROOTS

Roots have 4 main functions:1-to
form an anchorage, 2-take in water,
3-take in nutrients in solution and
4-synthesis of some of the hormones
and other compounds which control
the growth of the whole plant.

Experimental work with nutrient
solutions has shown that a small root
system is sufficient for full growth
provided the solution is pumped
round so that the nutrients are very
near the roots. In the field most
nutrients move only dowly in the soil
and so roots have to explore the soil
for nutrients and for water. Soil con-
ditions must be right so that they can
do this.

An important factor is the pH of
the soil. There is no ideal soil pH.
Crops such as lucerne, barley and
sugar beet need a pH above 6.5,
whereas wheat and potatoes are less
sensitiveand will grow wel when the
pH isdown towards 5. Similarly with
a grass sward. An experiment we
have in Devon has over several years
shown that grass gives a very good
response to nitrogen down to pH 5.5.
If grass swards are maintained at a
pH just below 6, the herbage will

contain more manganese with benefit
to stock health.

LIME USE

When a soil needs liming the
amount required to raisethe pH from
say 5.5 to 6.5 will vary with the soil
texture and with the amount of
organic matter present. On the other
hand more calcium is leached from
soil when free limeis present and the
rate of loss decreases as the pH and
calcium carbonate drop.

So there are difficulties in
calculating an overall national lirning
need. However the hest estimate is
around 3M t per year. From the end
of thewar until about 1970 more than
this was used. Since about 1972 the
annual use has not been sufficient to
maintain the status quo. Most ADAS
laboratories are reporting more acidi-

problems coming to their atten-
tion. Furthermore changing in-
dustrial technology is making the
situation worse. Until about the mid-
dle nineteen sixtiesit was not possible
to distribute pure ammonium nitrate,
so such products as 'nitrochalk’ and
‘nitrashell’ were on the market. So
there was some lime applied when
nitrogen was used. Nowadays a very
high proportion of N fertiliser is am-
monium- nitrate. Changes in sted
making mean that less and less basic
slag is available. This phosphate fer-
tiliser does supply some lime.

In 1970 paragraph 242 of **Modern
Farming and the Soil** states *"We
are dissatisfied with the amount of
liming that is being done in many
parts of England and Wales. Among
the causes are lack of manpower and
spreading equipment, the limited
period in the year when arable land
can belimed, and notably a declinein
the numbers of contractors in some
of the more remote areas. There
should be a return to a liming policy
on farms and regular testing of soils
for acidity.””

The situation is worse today and |
must wave a large red flag about
acidity. Regular soil analysisissurely
an essential tool in modern farm
management.

LIME AND SOIL STRUCTURE

As wdl as correcting acidity,
calcium carbonate can stabilise soil
structure. Thisisseen naturally in the
chalk areas and on the Cotswolds.

In Belgium, workers at the
Agricultural State University at

Ghent observed that there wes less
compaction and deterioration of soil
structure in their soils (very fine san-
dy loams, silty loams and silt loams)
when calcium carbonate was present.
They set up some experiments using
sugar beet waste lime at from 50 to
100 t/ha. These treatments had a
noticeable effect on soil structure.

In the early nineteen seventies our
colleaguesin the Eastern region st up
a microplot experiment at Anstey
Hall, Trumpin?ton, Cambridge.
They used 3 soilsfrom different parts
of the region and applied by-product
gypsum, sugar beet waste lime and
polyvinyl acohol as treatments. The
plots were sown with Italian rye grass
and yields measured. Various soil
?ructure measurements were also

one.

Polyvinyl acohol and sugar beet
waste lime produced benefits in soil
structure and grass yields were in-
creased over control. Even though
the soils were loosely packed the
treatments increased permeability.

At about the same time a field ex-
periment was started at the Norfolk
Agricultural Station. This involves a
3 year ley compared with 2 arable
rotations of sugar beet, winter wheat,
spring barley; and sugar beet, winter
wheat, 1 year ley. All these are
followed by a test rotation of sugar
beet, spring barley, potatoes. (Table
5). 50 t/ha of FYM is applied to the
sugar beet in thetreatment and in the
testing rotation and 125 t/ha of sugar
beet waste lime is appll  to the sugar
beet in the treatment 1 There
was a phased entry over 3 years.
Varying rates of nitrogen are used.

Sugar beet following the wastelime
has been successfully grown in al 3
phases of the treatment rotation.
Boron deficiency was a serious pro-
blem in 1976 when top growth
restarted following the drought. So
far the experiment has shown that
waste lime from the sugar beet fac-
tory can improve the soil structure
but it has variable, sometimes
positive and sometimes negative, ef-
fects on yields. Waste lime also con-
tains some N,P and K.

At present it is only possible to
keep an open mind on this. There is
some benefit on soil structure but not
aways on vyields. In areas where
wastelimeis not availabletreatments
could be costly. Furthermorethereis
always the possibility of induced
trace element deficiencies.

My colleagues at Starcross have
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TABLE 5
EXPERIMENT AT NORFOLK AGRICULTURAL STATION
Year Treatment Rotations
1 2 3
| Ley Sugar Beet Sugar Beet
2 Ley Winter Wheat Winter Wheat
3 Ley Spring Barley | year ley
Testing Rotation

4 Sugar Beet
5 Spring Barley
6 Potatoes

donesomelaboratory work under the
auspices of the Regional Soil and
Water Management sub-committee.
They mixed sub-soil from the Ted-
burn series containing 47% clay and
3B% silt with various materials at dif-
fering rates. Ground limestone, burnt
ime, daked lime, cement and basic

ag were used. Burnt lime, slaked
lime and cement produced beneficial
effects on soil structural stability as
measured by the dispersion ratio
technique.

In this method 25 g of soil are
dispersed gently in water and another
25 g vigoroudly treated in a solution
of calgon. Theratio of theamount of
sediment produced in each case gives
a measure of soil structural stability.
In general terms the lower the ratio
tt m r¢ stable the structure. Slaked
lime is the best material to handle but
cement looks attractive on cost

rounds. (Table 6.) The thought

ehind this work is that it might be
possible to incorporate one of the ad-
ditives while drainage work was in
progress and so providea stable layer
above the drains. This could perhaps
orovide sufficient hydraulic conduc-
tivity to avoid the-cost of porous
backfill. At present we are searching
for a suitable site to follow up thisin
the field.

the normal calcium clay-humus com-
plex.

In the mid nineteen fifties a series
of experiments was set up in the
eastern part of the country testing by
product gypsum and 2 rates of gﬁp—
sum itself on heavy textured soilsthat
had NOT been flooded by sea water.
Only transient benefits were observ-
ed. During 19231937 some ex-
periments wererun from theMidland
Agricultural College using gypsum
on various crops. No benefits were
observed. Cooke and Williams
reported that 5 t/ha of gypsum at
Saxmundham, a notoriously difficult
soil, reduced bulk density and the
force needed to push a penetrometer
into the soil 1 year after application.
There was doubt as to how long the
effect would last. Thus in this coun-
try thereis no benefit from using gyp-
sum except when reclaiming soilsthat
have been flooded by sea water.

FERTILISERS AND SOIL STRUC-
TURE

It is not to be expected that fer-
tiliserswill have a direct effect on soil
structure but there could be indirect
ones. Organic carbon is important in
soil structure. Carbonislost from the
soil by oxidation to carbon dioxide.
Cultivations increase such losses

STABILIZING SUB SOIL {STARCROSS)
Materialsmixed at M kg per tonne of soil

TABLE®6
Material Mixed Dispersion
with Soil Ratio

Original subsoil 41
Ground limestone 27
Burnt Lime 5
Slaked Lime 5
Cement 7
Basic Sag 25

Approximate cost £

Per Tonne of Per Metre
Sail Run.
0.19 0.07
1.92 0.77
2.11 0.84
1.54 0.62
2.69 1.08

'Assuming approx 75 cm depth and 20- 25 cm width of trench

GYPSUM

At the Anstey Hall experiment
gypsum, which is calcium sulphate
(Ca 8042 H:0) did not benefit soil
structure. This material is recom-
mended for use in reclaiming soils
which have been flooded by sea
water. In this connection the
beneficial effects are wel known.
The calcium from the gypsum

£

replacessodium in ihe soil to refors

whilst crop residues can increase car-
bon. Leaf cover from vigorous good
crops can protect the soil from the
impact of raindrops. Roots grow
through the soil searching for
nutrients and eventually they die and
are decomposed leaving pores in the
soil. Organisms breaking down
roots produce organic substances
which stabilise soil structure. Roots
will proliferate in soil regionsrich in

nutrients and the beneficial effect of
phosphorus in particular on root
?rowth is wel documented. Nitrogen
ertilisers alter the root shoot ratio
and most of the effect of nitrogen is
seen in the shoot. Roots grow pro-
portionately much less so that there
are less roots than one might expect
from yields of above ground parts.
Grass roots will improve soil struc-
ture but they must be vigorous and
growing well and this means with
adequate nitrogen.

The meadow hay plots in the field
""Palace Leas' at Cockle Park to the
North of Newcastleare still in being
after more than 80 years. A single
hay crop is taken and then animals
are allowed to graze over the whole
field. Treatments include FYM, N,
P, K, NP, PK and NPK.

Professor Arnold and his col-
leagues at the University of Newcas
tle upon Tyne have recently done
some more work on the soils of clay
loam texture, from the various plots.

The different treatments have pro-
duced a range of pH vaues on the
plots. The bulk density of asoil isone
measure of its physical properties.
The more dense a soil the less easilly(/
can roots grow through it. The bul
density of the soil from the plot
receiving slag is less than on the con-
trol plot and considerably less than
soils under some of the other
treatments. There is clear visua
evidence of variation from plot to
plot in drainage of the surface soil.
This is probably a reflection of the
differences in bulk density. There
may be some effect of the limein the
basic dag but in genera the effects
are indirect as a result of better
growth of roots when phosphorus is
applied to a soil naturally low in that
element.

At Rothamsted over 130 wheat
crops have been harvested from
“Broadbalk’ and over 120 barley
crops from ""Hoosfield. Recently
workers there including, among
others, Mr. A. E. Johnston and Dr.
Jenkinson have been looking critical-
ly at soils from these plots. During
this long period NPK fertilisers
(Table 7y trebled the yidd of both
grain and straw on Hoosfield but
there was very little differencein the
amount of organic carbon present in
the soil or in the bulk density after
more than 110 years of differentia
fertilisers. There were dlightly greater
differences in Broadbalk (Table8.)

Thus the use of fertilisers does not
seem to have much effect on soil
structure. On the other hand they can
partially overcome the effectsof poor
structure. A few years ago we had a
nitrogen on barley experiment on an
Evesham series soil in Somerset. At
one noint in the season when the soil
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ROTHAMSTED HOOSFIELD BARLEY

TABLE 7
Treatment Unmanured
Mean Yidd {1/ha)
1852- 1963
(a) Grain 0.88
(b) Straw 0.99
Mean Yidd (t/ha)
1964 — 1966
1 Plumage Archer
(a) Grain 1.03
(b) Straw 0.58
2 Maris Badger
(a) Grain 1.04
(b) Straw 040
Soil Organic
Carbon (t/ha 0.23 cm) 26.5
Bulk Density g/ml 151

PK NPK FYM
1.32 2.46 2.98
1.46 284 3.59
1.56 331 4.59
0.87 244 3.59
118 4.92 5.00
0.48 4.09 3.85
28.8 252 86.8
1.50 155 1.29

was rather moist some farm equip-
ment was transported severa times
across the ends of the plots. At
harvest time the soil was observed to
be compacted and it was possible to
harvest the area separately from the
rest of the plots. The yields (Table9)
show that while extra nitrogen can
help overcome the effectsof poor soil
conditions, there was a much more
worthwhile response to nitrogen in
the uncompacted soil.

was evidenceof greater loss of nitrate
during the winter from the poorer
drained plots in the experiment than
from the better drained ones despite
the risk of leaching from the latter.
Just after the war combine drilling
for cereals was shown to be
beneficial. At that time many soilsin
this country were short of nutrients.
The root of a grain which had been
combine drilled would develop in a
volume rich in nutrients. Subsequent

TABLES8

ROTHAMSTED BROADBALK WHEAT

Treatment

Unmanured
Inorganic Fertilisers

Organic Carbon (t/ha)

To23cm Harvested in crop
in soil (grain plus straw)
each year
26 1.4
30 32

In some experiments done in the
Northern region on poorly drained
soils our colleagues found some
response to nutrients by barl
especialy to N. However the yields
werelow and the poor soil conditions
were a dominating influence.

Workers from the Field Drainage
Experimental Unit found at Layer
Breton that an extra 30 kg/ha of N
appeared to compensate for poor
drainage. In these conditions roots
cannot function fully effectively
because of shortage of oxygen in the
soil. In general it would seem that ex-
tra nitrogen can, to some extent,
compensate for poor soil conditions
and poor drainage.

On the other hand nitrate can be
lost by denitrification in wet condi-
tions. The N in the nitrate is con-
verted to nitrogen gas which goes
back totheair. At Layer Breton there

cultivations would spread these
nutrients in the soil. Twenty or 30
years of relatively generous fertiliser
use together with cultivations means
that the top layers of soil in the ma-
jority of arable fields are now well
supplied with nutrients so that com-
bine drilling is no longer necessary.
In our advisory work on individua
farms we are finding increasing
evidence of potassium deficiency
symptoms in spring cereals sown in
loose seedbeds. These usually disap-
pear when the crop formsagood root
system which can explore the soil.
Similarly the transient symptoms of
magnesium deficiency when cereals
are changing from primary to secon-
dary roots are worse in poor
seedbeds.

PhosEhorus moves only dowly
down the soil profile, it accumulates
in the top few cm. If direct drilling is

NITROGEN AND COMPACTION (SOMERSET)

TABLE 9
N Treatment (gk/ha)
Seed bed Top dressing
0] 37.5
375 &

Yield of barley (t/ha} — 85% DM

Compacted soil Uncompacted soil
1.93 2.89
2.59 4.27

practised for a number of yearsin a
field thereisarisk that phosphorusin
the root zone may be depleted.
However there is little evidence that
thisis happening yet. It isgood to see
many drills now used for direct drill-
ing can aso place the fertiliser.
Evidenceisincreasing that the rate of
release of nitrate from soil organic
matter is less in soils where direct
drilling is practised and so more than
normal fertiliser N is needed.

Some advisory observations in
Humberside indicate some benefit to
yields from sub-soiling and placing
phosphate about 45 cms deep in the
soil. Thisneedsto beinvestigated and
followed by critical experiments to
see if worthwhile benefits can be ob-
tained elsewhere.

FERTILISER USE

The present day nutrient status of
many arable soils means that cereas
show little response to phosphorus
and potassium. It is sometimes
thought that extra P and K will result
in higher cereal yields. Thereisno ex-
perimental evidence to support this.
On the other hand higher yields
which can result from other farming
techniques mean that more
phosphorus and potassium will be
removed and so more should be used
to prevent a rundown. It must be
stressed that the increased use
follows, not causes, the higher yields.

Getting the amount of nitrogen
right is of overwhelming importance
in cereal yields. A great deal of ex-
perimental work is being done and
the situation is confusing. In general
at present, there seems to be no
reason for complicating the system.
The benefits, if any, from severa
dressingsare not rigorously proven as

et.

Y Similarly it is sometimes thought
that as the recommendations for
sugar beet are based on annual ex-
periments there could be yidd in-
creases by applying more fertiliser
over arotation. An experiment runn-
ing at Broom's Barn shows little
evidence that recommendations need
increasing when 6 years of cropping
are considered.

Sugar beet responds to sodium but
farmers are sometimes hesitant about
using salt because they are worried
about the effect on soil structure.
Joint work by ADAS Eastern region
and Broom's Barn had shown that
sodium applied at the recommended
rate had negligible effects on soil
structure. However, the saline effects
can upset germination and produce a
gappy crop. The salt should be ap-
plied in the autumn or if in the spring
several weeks before sowing.

During the last few years ADAS



Soil Scientists at Leeds have been
running fertiliser experiments on
potatoes at Stockbridge House Ex-
erimental Horticultural Station
ollowing the interest in " blueprint**
growing with higher than normal
rates of fertilisers. Splitting the

nitrogen between bed and top
dressing was beneficia and 500
kg/ha P,0O, was optimum even on in-
dex 4 soils but in 1976 there was no
difference between placing and
broadcasting phosphate. Results in
1975 and 1976 clearly showed the
need for adequate water.

ADAS recommendations on fer-
tiliser use are codified in Bulletin 209.
These recommendations are based on
scrutiny of published information
.and wide ranging consultation. The

Survey of Fertiliser Practiseisa joint
effort between ADAS, the Fertiliser
Manufacture Association and
Rothamsted. A stratified sample of
farms by sze groups are visited and
information collected about fertiliser
use. Comparison of the data with
recommendations show that most
arable crops are fertilised at the op-
timum rate except that sugar beet
tends to get too much fertiliser
although not to the extent of a few
years ago. .

With grassland the situation is very
different and much permanent grass
receives little fertiliser. Much more
nitrogen could be used on grass but
on -the individual farm growing the
grass is only the beginning of the
story. More grass needs more animals
to use It, in turn more animals need
more facilities, eg housing and labour
and so on. The GM 20 and GM 21
series of experimentswererun jointly
by ADAS and the ARC and they are
at present being written up for
publication. There were 28 sites all
over England, Scotland and Wales
with the same experimental design at
each. Although the actual yields and
theincreasein yields varied from site
to site the general picture at each site
was very similar in each of the 4
years. At al sites there was a straight
line response to N up to about 300
kg/ha.

Grass is not very responsive to
phosphorus but it needs some and
there must be an adequate amount in
the herbage for the grazing animal.
Formerly basic slag was widdly used
to supply P to grassland. ADAS has
been running a series of experiments
with different materials supplying
phosphorus. Of these only basic slag
and super phosphate have been
satisfactory. Ground Mineral
Phosphate is useful where the pH is
right but it should not be used on
soilscontaining free lime naturally or
on soils that have been recently limed
or where the pH is maitrtained above

VG - >

A & B. Roor deprh control experiments ar Star-

Cross using plastic sheers to limit water.

C. Fertilizer experiments in the Cotswolds.
Foreground plot has not received P»O5 for 10
years, plot on right normal Py0s,

E. ... and nothing has been achieved.

6 because of certain crops grown in
the rotation.

Where slag has been used every 3
or 4 years it is satisfactory to use
triplesuper-phosphate in the same
way. Triple seems expensive per ton
buE) it is very competitive per kg of
Pz 5+

TRACE ELEMENTS

In ""Modern Farming and the
Sail™* some comments were made
about trace elements on minor
nutrients and in paragraph 254 the

oint is made that annual removals
By crops and stock are very smal. In
this country we are likely to meet

TABLE 10
AMOUNTSOF NUTRIENTS(ASELEMENTS) APPLIED ASFERTILISER IN THE
UK (‘0001)
N P K
1874 k2 K] k]
1913 29 79 19
1939 60 75 62
1948 186 173 147
1958 315 169 289
1965 565 21 340
1968 748 205 366
1970 760 196 316
1972 1128 246 400
1974 1100 216 376
1976 1059 176 m
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crop deficiency problems involving
boron, copper and manganese. These
can bediagnosed and treated. For the
individual farmer the problem can be
serious but for the whole of
agriculture (and horticulture) the ef-
fect is a minor one. Manganese defi-
ciency is worse in poorly structured
soils.

A great many proprietary materials
are on the market and in recent years
ADAS has conducted experiments
with these over a range of crops. The
materials have been applied accor-
ding to the manufacturer's instruc-
tions. So far there has been no
evidence of any benefit. If a farmer
or grower thinks he has a trace de-

ment problem he should get expert
advice. If a deficiency is diagnosed it
can be treated with the appropriate
element.

Too high a levd of trace elements
and indeed other materials causes
toxicity problems. ADAS maintains
close liaison with Water Authorities
about disposal of sewage sludge on
land and can give advice to farmers
about the use of animal slurries par-
ticularly pig slurry which contains
copper.

THOUGHTS FOR THE FUTURE

Farmers must be encouraged to
know and understand their soils, This
means having samples analysed

regularly to check pH and nutrient
status; having a spade handy to in-
vestigate the soil structure particular-
ly below the surface; and getti n? ad-
vice on problems. Symptoms from
various problems are often similar.

From the research and develop-
ment sideit isimportant to keep up a
vigorous effort on improving the
effectiveness and advice about
nitrogen use on cereals. Placement of
fertiliser especialy in connection with
seed rate inpotatoes needs further in-
vestigation and the deep placement
by subsoiling methods should be
looked at criticallv.

CULTIVATIONS AND SOIL PROBLEMS

—e

Dr. Brian Davieswho isthe Regional Soil Scientist with A.D.A.S. at Reading
iswdl known for his practical outlook on cultivationsand soil problems. This

paper was givenr during the March Soil Structure and Drainage Conference.

The central message of the 'Strutt'
report, namely 'know your soil and
how to obtain the best fromit' iseven
more relevant today because of the
widescale adoption of newer systems
of soil management which require
different, and often more informed
decisions than the traditional techni-
%es. This paper considers some of
the new developmentsin cultivations
and comments on their implications
for soil physica fertility.

A. Techniques for establishing
greater areas of crops in restricted
periods of time. In wet autumns the
proportion of the national area of
winter wheat sown outside the op-
timum period is higher than in drier
years (Table I). By widespread adop-
tion of time saving systemsthissitua-
tion could be much improved.

winter cereas and its replacement
mainly by heavy -cultivators of
various types. Of this cultivated land
there has been a significant increase
in the area shallow (less than 10 cm)
rather than deep cultivated. These
trends are at least in part justified by
two R & D projects.

(i) Patterson's (NIAE) work at 2
clay sites over 6  years has
shown no reduction in yidd of
winter cereals Stgl/ substituting
either the chisal plough (13
cm) or the Rota-digger (10 cm)
for the mould
(20 cm). The Roté) 8.“53&‘?&’ :gnl:
implement which works much
better than tine cultivators in
wet soil conditions.

Drayton EHF, using shallow
surface cultivations "achieved

with a heavy springtine
cultivator have shown that no

(i)

TABLEI
RAINFALL AND SOWING DATE OF WINTER WHEAT
Harvest Year Rainfall Sept-Oct % of Wheat Total Area of
% of Avenge Sown by 1 Dee Wheat inE & W
(‘000/ha)
1966 - 69 129 68 878
1970-74 60 87 1087
1975 154 67 1006
1976 S0 A 1204
1977 196 89 1050
'Inflated by very early harvest in 1976.
Reduced Cultivations for Winter yield reduction is incurred

Cereals

During the last decade there has
been an approximately 50% reduc-
tion in the use of the mouldboard
plough as a primary cultivation for

14

compared with deeper cultiva-
tion on their Lias Clay soil.
The Drayton surface cultiva-
_tion technique has the advan-
tage of avoiding cloddy tilths

in dry yearsand compaction in
wet autumns.

Direct drilling of winter cereals
The shift towards shallower
cultivations includes 4% of the na
tions winter cereals which are not
direct drilled. This dow trend
towards elimination of cultivation is
likely to increase as the very substan-
tial time saving of direct drilling and
of possible reductions in machiner
costs become more widdly accepted.
However, direct drilling must be
adopted with care and attention to
detailed Puidelines otherwise yidd
losses will" probably result. In addi-
tion potential direct drillers should
take note of the foIIowing points:
(i) A paper entitled 'Soil
Suitability for direct drilling'
will be published in the June
edition’ of 'Outlook on
Agriculture. The paper is
written by representatives of
the Agricultural Research Ser-
vice, ADAS and the Soil
Survey. BY examjning al the
experiments on direct drilling
of cereals in the UK since 1969
the authors conclude that in
comparison with ploughing:

Direct drilling is more
suitable for winter sown crops
than for spring sown crops ex-
cept on calcareous and wdl
drained loamy soils and on
sands with moderate to high
organic matter.

On clay soils direct drilling
of winter crops has generally
been satisfactory where grass
weeds and drainage water are
well controlled.
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TABLEN
TIMING OF NITROGEN FOR DIRECT DRILLED WINTER WHEAT (BOXWORTH EHF)
Mean of varieties Atou snd M. Hentsman

YIELD INCREASE kg/ha (cwt/acre) due to:

Autumn N split spring Autumn N+ split

top dressing springtop dress<ing
1975 210 (17) 340 (27 400 (3.2
1976 280 (2.2 150 (1.2) 650 (52
1977 310 (2.9 370 (29 540 (4.3
MEAN 270 (22 290 (23 530 (42

(ii)

(iif)

(iv)

V)

Direct drilling has often in-
curred yidd depression on low
org}anic matter sandy and silty
solls, particularly where weak-
ly structured topsoils overlie
dow draining clays.
Absenceof soil disturbancein-
variably alters the pattern of

nitrogen release from soil
organic matter. During the
earlier stages of direct drilled

crops nitrogen supply is likely
to be too low and advantages
will accrue from earlier
nitrogen applications than in
crops growing on cultivated
land. In general no N is needed
for cultivated winter cereals
until a growth stage 5—6 in
Lae spring, compare this with
datain Table II.
These resultsindicate the close
relationship that exists bet-
ween soil physicdl manage-
ment and chemical fertility of
soils.
In dry years direct drilled
crops on clay soilscan benefit
from increased water storage
occurring during early stages
of cro%dgrowt_h. In 1976 this
effect to yidd increases of
between 10— 25% compared
with ploughed crops in ADAS
experiments (Eastern Region)
and also in Letcombe
Laboratory experiments.
The surface of direct drilled
soils is resistant to wind ero-
sion particularly where crop
residues are also present. The
flexible application of zero
cultivation techniques should
make blowing a problem of
the past.
With both shallow cultivations
and direct drilling we have
dispensed with the buffer pro-
vided by good loosening
operations. In consequence to
grow good crops with these
stems we must be able to
ecide whether the soil condi-
tion is loose enough for the
crop to establish and root
satisfactorily. This decision re-
quires field examination of
soil and careful interpretation
of the soil structure. Most
farmers have not acquired this

skill and in consequence tend
to rely on others for their ad-
vice. To this extent minimum
cultivation systemsare moreat
risk from poor soil conditions
than traditional methods.

Reduced Cultivations for Sugar Beet
and Vegetable Crops

In the UK there has been intensive
development work on methods of
reducing cultivations for small seeded
crops as exemplified by sugar beet.
The aims of this work have been to
save time, improve emergenceand to
explore the introduction of these
cropsintodirect drilled and minimum
cultivated systemsof cropping. At the
Norfolk Agricultural Station joint
work with ADAS has combined these
aims with detailed description of
cultivation treatments in terms of soil
physical condition. Examples of this
work are given in (i) and (iii).

been achieved by combining
very precise seed spacing,
minimising 'bounce’ as the
seeds hit the seedbed and en-
suring that seeds are placed
firmly into the finer moister
tilth of a seedbed.
Strip tillage in cereal stubbles
for sugar
At the Norfolk Agricultural
Station sugar beet has been
grown in cerea stubbles un-
disturbed by any primary
cultivation. Using an
ICI/Howard designed
machine the seed is precision
sown into 15 cm width bands
rotavated to 5 cm depth and
loosened to 20 cm with narrow
tines set in the centre of each
band. Problems of smearing
by the tines occurred in a wet
spring see Fig 1, but enough
experience has now been ob-
tained with the technique to
hold out a reasonable chance
success for sandy and
loamy soils. Fig | shows the
response in sugar yidd to
nitrogen level, for cropsgrown
by this and traditional
methods. A smeared area ad-
jacent to the tined disturbance
reduced root exploration and
this plus the possibility of
reduced nitrogen supply from

(iii)

(1) Influence of reduced seedbed preparation on soil condition and sugar beet

development following Autumn mouldboard ploughing.

Agricultural Station 1974).
Treatments

(Norfolk

SUGAR BEET SEEDBED PREPARATION

Traditional Maximum

1 Pass Springtine (6 in) 1 Pass Rall,

2 Passes Springtine (4 in) and 2 Passes
Roll and Light Harrow

Traditional Minimum

1 Pass Springtine (4 in) 1 Pass Rall

1 Pass Springtine (3 in) and 1 Pass Rall
and Light Harrow

Dutch Harrow —

Rotary Harrow

2 Passes (3in)

2 Passes (4 in)

This long term project for which one
yearsresults are given has proved that
In a range of spring conditions the
shallower treatments with no more
than two passes give finer seedbeds,
better seedling establishment and
higher sugar yidd. The advantages
result from avoiding both deep seed-
bed cultivation, which unearths larger
clods, and the tractor whedl compac-
tion of multi-pass treatments.

(ii) The new NIAE vegetabledrill

offers substantial im-
provements in seedling
establishment over existing

precision seed drills. This has

soil organic matter probably
account for the less effective
nitrogen use in the strip tilled
treatment. However at the op-
timum nitrogen levels for each
method sugar yields were only
0.6 t/ha lower for the one pass
system.

B. Deep disturbanceof Sails

Parallel to the widespread trend
towards reduced cultivation there is
work examining the effects of loosen-
ing soil sometimes to as deep as 1
metre from the surface. At first dgh:
this trend seems at variance with the
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Sugar
Yield
t/ha

20 40

move towards reduced cultivation,
but closer examination suggests that
it is in fact complementary, for ir-
respective of the degreedf surface soil
disturbance, land must befreeof ma-
jor compaction at depth if it is to
achievefull potential yield. Deep soil
disturbance is likely to be beneficial
where the natural subsoil is compact
and where deep compaction is caused
by harvesting crops from wet land eg
root croPs and winter vegetables.
Some soils ey weakly structured dow
draining soils are more susceptibleto
deep compaction than others, and
some crops eg as French beans, peas,
broad beans, potatoes are worse af -
fected by such compaction than
others.

Reference to recent work on deep
disturbance d soils

1. Spoor's work on subsoiling at Na-
tional CoIIe%e of Agricultural
Engineering. Thiswork hasgivenusa
more logica understanding of the
processes involved in loosening sub-
soils. His main findings are:-

() There is a critica working
depth for all rigid tines below
which compaction rather than
loosening takes place.

L v

60 80 100

L)
180

r
160

L] L]
120 140

Nitrogen Level kg/haN
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THE FARM BUILDINGS INFORMATION CENTRE
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and Members have available a quick and efficient service to answer their
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Subscription  Structures please contact Mrs.
Janet Lewis, Administrative Secretary, Farm
Buildings Information Centre, National
Agricultural Centre, Sloneleigh, Kenilworth,
Warwickshire CV8 2LG. Telephone: Coventry
22345/6 (STD code 0203).
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(i) Increasing the width of a sub-
soiler foot with wings and

relieving overburden pressure
with cultivating tines set in

TABLE HI
SUGAR BEET SEEDBED PREPARATION —
SEEDLING ESTABLISHMENT AND SUGAR YIELD
Plant Stations '000 per ha Sugar Yied
Treatment tonnes/ha
24 April 27 April 2 May Final {cwt/acre)
Seedbed
Cultivation 3.6 2.9 2.6 WJ1.6 0. 141 (1.14)
Trad Maximum 35.6 41.9 55.1 519 9.4 (74.9)
Trad Minimum 36.5 452 55.6 415 9.8 (77.6)
Dutch Harrow 56.6 66.4 738 79.8 104 (832
Rotary Harrow 437 50.8 65.9 718 10.2 (823)
TABLE IV
SUGAR BEET SEEDBED PREPARATION
CLOD DIAMETER (%)
Treatment Clod Diameter ¥3 5 mm
Seedbed Cultivations
Traditional Maximum 30
Traditional Minimum 36
Dutch Harrow 45
Rotary Harrow 37

TABLE V
COMPARISON OF SUBSOILING EFFICIENCY
(SPOOR G. GOODWIN R J, TAYLOR J C)
Mean Draught Loosening achieved
Force (kN) Square em.

IMPLEMENT DEPTH = 42cm DEPTH = 42em
Conventional 40 870

Subsoiler
Winged subsoiler M 2500

30 cm width

TABLE ¥1

Results of deep soil loosening and fertiliser placement at Woburn Experimental Station
MEAN YIELDS 1974- 76

None Subsailed Subsoiled* Taopsoil*
+ PK + PK

WHEAT 4.4 54 5.2 42
(Grain @ 85% DM, T/ha)

SUGAR BEET 41 44 4.7 41
(Sugar, t/ha)

BARLEY 35 45 51 34
(Grain @ 85% DM t/ha)

POTATOES 48 a7 56 49

(Tota Tubers, t/ha)
'Additional  PK applied either to the subsoil (25— 50 cm) or to the topsoil (0.25 cm).

front of a subsoiler alow both
deeper and more complete
loosening.
(iii) Because of the many factors
which influence performance
of a subsoiler, digging with a
tde is the on] sure means of
assessing results in the field.

2. Yidd increases have been reported
after deep loosening of soils at
Woburn, NVRS and Wye Callege in
experiments where conventional sub-
soiling gave little if any benefit. This
work indicates that more work on ef-
fective subsoil loosening should be
carried out on a selected range of
soils.

‘In the Rothamsted work at

Woburn loosening was achieved by
hand digging and working the subsoil
with a fork. There were significant
benefits from deep placement of P
and K in this work:
Greenwood at NVRS has shown a
76% yidd increase in broad beans,
following full subsoil disturbance to 1
metre depth with an earthmover.
Cabbage, a crop with finer roots than
broad beans showed negligible
benefit. Records indicated that in-
creased bean root extension allowing
greater water uptake during stress
periods was responsible for the
response. Double digging by hand or
by machine has given greater rooting
depth and higher.cereal yields in ex-
periments on Brickearth soil at Wye
College.

CONCLUSIONS

1. The traditional viewpoint that it is
necessary to regularly loosen topsoil
every year for some arable crops has
been strongly challenged and in many
situations shown to beincorrect. It is
important that each farmer should
test this finding for his own condi-
tions and where appropriate exploit
its implications to the full.

2. Recently there has been much
discussion about maximising crop
yields. Soil potential sets a ceiling on
yield for any crop but this fact is
seldom mentioned in the context of
maximising yields. Provided the
husbandry is not limiting it is the
farmer's ability to ensure that his
crops fully exploit soil moisture
reserves at the appropriate level of N
which determine the yield of umir-
rigated crops. Thisistrueirrespective
of whether crops are being grown in
completely disturbed topsoils, par-
tially disturbed or in undisturbed top-
soils. In effect it puts a responsibility
on each farmer to know his soils
thoroughly and to understand how to
get the best oui of them.



THE EFFECT OF STONE REMOVAL, STONE WINDROWING AND

STONE CRUSHING ON POTATO YIELD, HARVESTER PERFOR-

MANCE AND TUBER DAMAGE

B. D. Witney, Agricultural Engineering and Mechanisation Department,
Edinburgh School of Agriculture, reports on recent work on stone windrow-

ing.

Introduction

Following the development of a
stone windrower and of a prototype
stone crushing machine, a three %/ear
investigation into the effect of field
stone treatments on potato produc-
tion systems, was initiated in 1974.
The three field trials each contained
five replicates of four treatments,
namely, control, stone removal, stone
windrowing and stone crushing. The
plots were six drills wide and the drill
width was 75 cm.

Experimental procedure
The Sorensen 'Stonehater' was us-
ed for stone removal in all the trials
but the single row Scorgie stone win-
drower was lafer replaced by a two
row model and the prototype field
stone crusher was later replaced by
the Ramsey production version. The
equipment and stone treatment
techniques are more fully described
elsewhere (Witney and Wilson, 1975;
Witney, 1976a). Three measurements
of thefield stone content over 32 mm
mesh were taken over an areaof 1m?,
and to the depth of cultivation on the
flat before stone treatment and in the
ridge after planting for each plot. In
the first two trials, the data for the
field stone content of the control
Blots after treatment are incomplete
ecause it was assumed, erroneously,
that the measurements on the flat
would be the same as in the ridge.
The crop yied was calculated from
three assessments per plot immediate-
ly prior to harvesting. All the trias
were harvested by the same model of
manned, single row, complex, trailed
potato harvester (Grimme Com-
mander, bunker model). The spot of
work was measured over the full
length of at least three drills in each
plot and 4 tuber samples of approx-
imately 10 kg were taken from the
output end of the picking table con-
veyor on the harvester when lifting
the central two drills of each plot.

Experimental results

Irrespective of the initial field
stoniness level, the stone content of
the drill was consistently reduced to
approximately 8 t/ha over 32 mm
mesh by stone windrowing (Table 1).
Space in the vdleys limits the
separated material to about 200 t/ha
over a 32 mm mesh for a 75 cm wide
drill. Stone remova was penalised in
the trials because the narrow plots
mitigated against cross working the

Table 1. Field stone content before and afier treatment, crop yield and harvester spot rates of
work, 1974- 76.

Field stone contents (t/ha}

Treatments befor e treatment after treatment

1974 1975 1976 1974 1975 1976
Control 138.3 84.4 84.4 — —_ 44,5
Windrowing 149.8 97.4 93.2 8.4 7.4 7.7
Crushing 174.9 97.8 8.10 23.0 26.1 421
Removal —_ 92.8 85.5 16.5 30.0
sed 18.79 8.04 8.93 10.10 4.76 6.13
Treatments Crop yields {t/ha} Harvester spol rate Of work (ha/h)

1974 1975 1976 1974 1975 1976
Co_ntrol . 47.1 68.8 34.3 0.162 0.114 0.136
Windrowing 50.8 71.3 42.7 0.249 0.134 0.206

53.8 68.4 395 0.167 , .
Removal — 6 4 o 8?[%5 8 }gg
sed 3.28 8153 Sff7 0.012 0.003 0.012

soil and because of machine When the stone content is reduced to

breakdown in 1974. Whilst stone
crushing did make a significant per-
manent change to the stone popula-
tion, it was less effectivefor the im-
mediate crop than the other two
treatments. All the two row stone
treatment machines, operating at 0.4
ha/hour did not seriously delay plan-
ting operations.

Potato yield was not affected by
the treatment although there was a
significant yield increasefor the stone
windrowing treatment compared with
the control in the unusually dry sum-
mer of 1976 (Table 1). Some
Norwegian work on the effect of
stone removal on potato yidd pro-
duced equally variable responses
(Bohn and Weseth, 1972).

The effect of field stoniness level
on the soil environment wes in-
vestigated by Saini and Maclean,
1967, and their work was related to
the present studies (Witney, 1976b).
The treatments had no effect on the
yield of subsequent crops of either
winter wheat or spring barley.

The most significant effect of stone
treatment is harvester rate of wark
and tuber damage (Tables 1 and 2).

alow leve asin the case of stone win-
drowing and to a lesser extent for
stone removal, it was possible to
operate the tractor in a higher gear at
lower engine speed for the harvestin
operation. The harvester spot rate
work was increased by 43 per cent on
the stone windrowed plots and by 22
per cent on the stone picked plots.
The increase in harvester output
could be achieved with fewer pickers
(three instead of four) and with a
reduction in severe damage of 49 per
cent for stone windrowing and of 29
per cent for stone removal. The
reduction in tuber damage was at-
tributed partly to the absence of
stones and partly to the lower web
speed to forward speed ratio (Peter-
son et a., 1975), which was only
possible by stone treatment but the
significance of each component was
not separately identified.

Summar%/ .

In a three year experiment, potato
yidd was not affected by either stone
removal. stone windrowinn or stone
crushing, although in the dry summer
of 1976, there was a significant yield

Table 2. Severe tuber damage and damage indices, 1974 —76.

Severe tuber damage (%o by wt)

Damage indices

Treatments
1974 1975 1976 1974 1975 1976
Control 31.0 24.9 40.8 301.2 254.6 383.6
Windrowing 16.3 154 17.4 184.2 186.2 234.1
%L uslgL r; 29.6 21.0 33.0 2&?.8 %%6 %%g-i
sed™ 15.4 30.1
5.52 3.36 6.01 39.42 '28.75 35.2




.ncrease tor the stone windrowing
treatment compared with the control.
There was no yield effect on subse-
qguent cereal crops. Field stoniness
levels of up to 200 t/ha of material
over 32 mm nominal diameter can be
reduced to 7-10 t/ha in the ridge by
either stone remova or stone win-
drowing but stone crushing had less
effect. Harvester speed was increased
by 43 per cent after stone windrowing
and by 22 per cent after stone
removal, but not after stone crushing.
On a manned, single row, complex
potato harvester, there was a reduc-
tion in severe tuber damage of 13 per
cent after stone crushing and of over
30 per cent with the other two
treatments. The decrease in tuber
damage was due partly to the lower
harvester web speeds which were only

ossible on the areas of low stone

ntent. The combination of higher
harvester rates of work or fewer
pickers and less tuber damage makes
stone windrowing the most
economically viable as well as pro-
viding an opportunity o att: in some
of the mechanisation benefits former-
ly available only to potato growers on
stone-free lane. (Witney and Wilson,
1976; Witney, 1977.)
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Nov 15
— Improving the Qual
Production.

Dec 11-13
Short Course — Make
Your Water.

Dec 15- 17
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the Farmers Future Ne

Mar 6
Cultivation — Get the

First Then Save Energy.
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Middlewich, Cheshire.

NAC Conference — Seed Potatoes

Sawma. NCAE Irrigation.

Sawma Drainage Course.
Now established as the course for
all interested in any aspect of

Sawma NAC Conference — Solil
Care — Is the Guidance Right for
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Farmers Weekly International
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ity for Ware

Better Use of

eds?

Soil Right

Find Out More About SAWMA Now.
Return thisform, assoon aspossible, to: —

THETECHNICAL SECRETARY,

SOIL AND WATER MANAGEMENT ASSOCIATION,

NATIONAL AGRICULTURAL CENTRE,
KENILWORTH,WARKS.CV8ZLZ.

Tick whereapplicable: —

Please send me full detailsof the Soil and Water Management Association

programme, and applicationforms U

Please enrol me as a SAWMA member. | enclose my subscription

payment of £4
Name (slack Capitalsy

Address........................ U
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Youcan cut the risk of trailer punctures waiting for the final ripening, spend'a few
and wheel damage, and increase transport hours with the Stargrader and take the
speeds with safety and comfort, when you headaches out of haulage.
level and remake the haul roads and farm Prices from under £400.
tracks with the Bomford Stargrader. While

BOMFORD & EVERSHED LTD.

Salford Priors,
Evesham, Worcs. WR1l1 5SW. STARGRADER

Telephone: Bidford-on-Avon (0789-88) 3383
Telex: 311081
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