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The Achlevemoots of Ten Yearst Work at Sammdham Experimental Statho

G. W. COOKE

Two lolg-term experiments were laid down at Saxmundham in 1898 under thc auspices
of the Education Committee of the East Suffolk County Council. The first harvesi was
in 189 and this year the Station celebrated its 75th 2nniversary with an Open Day for
Iocal farmers and advisers. Mr. A. W. Oldershaw supervised the Station fiom lgit to
l9il; in the latter year control passed to the newly-established National Agricultural
Advisory Service (NAAS) and Mr. P. J. O. Trist became Director and was r&ponsible
for Saxmundham until the ARC took over the land in 1964 and placed the work in the
clarge of Rothamsted. In ttre whole 75 years the Station has had only three foremen;
C. Cattermole for the first,1O years, H. Neal for nine years and since 19rE V. C.'Woolnough. In 1974 we were pleased that Mr. Woolnough's faitbful work for the
Station was recognised by the award ofthe British Empire Medal in the eueen's Birthday
Honours List

The continuous control by (virtually) only two Directors and three foremen in 65 years
meant ttrat the experiments had been faithfuly continued according to the original plans
and that meticulous records of yields had been obtained. Rothamsted workeri had-been
in contact \r,ith the Saxmundham experiments since they began and Sir John Russell
y_a-s-- a f."qy94 visitor. From preliminary work on the soils (C-ooke, Mattingly &
Williams, 1958) we realised the potential value of the long-term exlrriments to sui,ple.
ment our work on soils and crops ofthe Classical experiments at Rothamsted and wlen
NAAS indicaJed that they might relinquish control, we suggested to ARC that continuing
the work under Rothamsted auspices could be valuable.

Our immediato intentions were to modify the experiments so that we could investigatc
(t) 

_tng v{ue of reserves of phosphate accumulated from 65 years of known manudng,
and (2) the capacity of the soil to release potassium, After we had assumed control we
saw that there wcre several possibilities of supplementing other Rothamsted work on
cereal diseases, crop rotations and the production of herbage crops. We also found the
field afforded unique opportunities for investigating the effects of bad soil structurs on
crop yields and of measuring the losses of nutrients in drainage water. There were
originally 8 ha ofland at Sarmundham but when we took charge ofuy Harwood's field of
3 ha remained and this contained the Classical exp€rimeots that intercsted us. The work
from 1964 was planned by a sub-committee of ttre Rothamsted Field plots Committee;
Dr. R. Hull of Broom's Bam gave much help in the early years when we were reorganising
lhe St{j9n and starting new exlrriments. The results obtained in the ten harv*t years
from 1965 to 1974 are summarised below.

Impmved yiekls

Overall improvements in yield are shown by the following data for crops reoeiving
the largest manuring in the last 20 years of the Classical period on Rotation I and the
new manuring used on this experimetrt and elsewhere on the field. Much of the gain
has been from the increased manuring but better cultivations and the use of new variitiqs
have been important too.

Wheat The best yield from fertiliser-treated plots was 2.6 t ha-1 iu 1940-61,4.4 t ha-r
with increased N fertiliscr from 196G69. Elscwhere on the field the .Intensive Whcat'
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cxperiment from l97l--73 gave *eruge best yields ofabout 6 t ha-l of Cap,pclle-Dcsprez.
In the favourable 1974 season the sane variety gave 6.8 t ha-1.

B.rley yields in the best plots of Rotation I experiment had averaged 2.5 t ha-l in 19,10-
6l; from 196G69 revised maouring gave 3'8 t ha-l. On Rotation fI experiment barley
averaged 4'9 t ha-1 from 1970-73; in favourable years 6.3 t ha-l was harvested.

Sugar beet yields from 195G65 were 25 t ha-l in Rotation I experiment, 39 t ha-l with
bettcr manuring in 196G69. On the modified Rotation II experim€nt yields from the
most favourable treatments averaged zl0 t ha-t from 1969-72.

Potstoes were not grown in the Classical cxperiments and the soil is not suited to the
crop. Nevertheless the best ploB on Rotation [I erlrcrimeDt averaged 43 t ha-r from
1969-72.

Rot lon I
This was a Norfolk Four{ourse rotation in which roots (mangolds and sugar beet),
barley, a legrrme @eans or pca.s) and wheat wene grown, The main teatments (applied
aunually) were a factorial tcst of N P and K fertilisers and one Plot receiving bone meal
and another 15 t ha-1 of farmyard manure. The small fertiliser dressings thought adequate
in 1899 were still being tested in 1964; they had showed that phosphate dressings were
essential for all the crops grown and that the rate of release of potassium from resenes
in the soil was adequate to replace that rcmoved by crops; potassium fertilisers only
gave small increases in yields even at the end of the period. From 1965 the manuring
was changed; much larger dressings ofnitrogen were applied and phosphate was giveD to
plots which had previously received none. Thc results ofthe next four years were re?orted
by Williams and Cooke (1971). The capacity of the soil to r€lease K appeared not to
diminish in spite of the larger crops grown; on average 45 kg K ha-r were removed each
year. Frcsh K fertiliser gave small incrcases in wheat and bean yieltls but not in barley
or beet. The amounts ofP and K removed by crops and thc additions by fertilisers were
used to construct a nutrient balance; gains and losses were linearly related to sodium-
bicarbonate soluble soil P and to exchangeable K.

As we had not succeeded in depleting soil K sufrciently to measue large r€sponses to
K fertiliser by 1969 we decided to put the experiment under herbage crops. This change,
made in 1970, is intcnded to speed work on the release of potassium, and on solubility
relationships of soil phosphate, because herbage crops remove much morc P and K
than arable crops do. Wc also inrcnd to measure the improvement in soil structu€
causcd by growing herbage crops. At present half of each plot is under timothy-meadow
fescue ley treated with N fertiliser, half is under lucerne (which receives no 19. Bolh
leys persisted welt into 1974 (their ffth year) and they gave similar lelds ofdry herbage.

Rotgdor II
This second Classical cxperiment had testcd drcssings of farnyard manure and super-
phosphate which had left a rangp of phosphate residues in the soil. Our intention herc
was to measure the aeumulations ofP and to test their value in terms of fresh dressings

of phosphate as we have done on Rothamsted soil. The early years werc spent in aug'
menting reserves on some plots and in preparing for a period of testing in microplot
experiments superimposed on the large plots of the old experiment. The first Ptase was

rcportea ty Mattingty, Johnston and Chater (1970); they discussed crop yields and
fertiliser dressings in relation to soil analyses' In the second phasc, completcd this year,
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barley, potatoes and sugar b€et hsvc bcctr grown" The t€sults asssscd below arc yalurbla
for guiding phosphate fatilising on Bcccles sctics aad similar roils.

Soll phosphoms. NaHCorsoluble P decreascd betvreen 1968-74 in all soils which
ryrled_e{hq no.P or 62.5 kg P2O6 ha-l every two years; larger dressings (125 and
188 kg PzOo ha-l) maintaineq or slightly increascd, the amounts of solu6le 

'p 
in the

soils.

Crops. Potatocs and sugar b€et wErc grown in rotatio! wittr barley: superphospha&
was given to the root crops and its rcsidues werc valued by barley.

Potstoes. Mean lelds averaged 43 t ha-r on plots with most soluble p between 1969_72.
They increased at all levels of soluble_P {up to 50 mg k8-r of NaHCO3-solubb pj;
responses to frcsh dresings of 125 kg PgOr ha-t decreased from l l.5 t ha-r on the poorcli
soils to about l'2 t ha-r on soils enriched with superphosphate from 196167: It is a
notable feature.of this experiment that therc has always bein some berefit to potatoes
fr-o1 fresh applietions of superphosphate, even on soils containing up to 50 mf kgr 69
NaHCOrsoluble P.

Syll ry}t. Yields varied grcatly with season and thc mean yields on plots with most
soluble P averaged about 6.8 t ha-r of sugar between 1969-72. Marin-um yields wert
obtained-on soils_conraining 25-30 mg kfr of NaHCOs-soluble p and not given fresh p.
Benefits from high levels ofsoil P werc very marked in the early stages of gro-wth, particu-
larly in dry springs (1970 and, 1974) but.they rarely persisted to-harveit. Freih super-
phosphate slpp.lyrnC 125 kg PzOs ha-l increased yields geaUy (by 1.2-3.5 t ha-i of
sugar).on soils from plots where NaHCOrsoluble p was irom 3 tb ? mg tgr 6u1 haj
negligible eflects on P-enriched soils (30-50 mg k8:l of soluble p).

Barley. Thc best yields of Julia barley rcached 6.3 t ha-r on somc plots in 1972 and
averaged 4.9 t ha-1 on plots with most soluble p betwcctr l9Z0 and i973. yields wcrc
slightly lareer @y 12!200 kg hrr) on soils containing 2i-50 mg kg-1 of NaHCOg-
soluble P than from those containing a little lcss p. R;iducs froi tlS kg prOc ha:r
applied to-the preced-ing root crop, incteased lelds by 0.i-2 t ha-r of grain-on ioils low
in NaHC. Orsof uble P (}-, mg kg:r of P) but slightly deqeased lelds Jn soils containin!
more soluble P, Yelds following potatoes were slighuy greater rhen atfter sugar beet]
probably because potatoes left larger N residues in the soil.

Ncr experhea s oo ccuk
Wh€rt In 1965 we bcgan aD crperincnt at Saxmundham to sec if we could obtain
wheat yields on the calcareous Bouldcr CIay (Bccclcs scries) soil as largc as thc 6 t ha-r
or 

_more that ?n be exlr€cted on Batcombc scrics silty clay ioam (ovcr-Clay-with-flints)
at Rothaested, and whethcr takc-all snd eye-spot diseases werc as aamaging to wn€ai
gown after yleat as thcy can be at Rothamsted. meat was grown conEniously and,l .s"Sy:""es f9[_oylg breaks of grass ley and beans. The results-werc reported by Slope,
Plh"lary and l illiams (l?7r. wleat yielded up to 5.5 t ha-r after iey in rsoz and
5.8 t ha-l after beans in 1968 but less than 4 t ha-r after beans in 1969 and 1970. We could
not identi! the reasons for these poorer crops. Root diseases were unimlnrtant atter the
break Foliar pathogen attacrks werc morc sevcrc than they usually are at Rothamsted
but they were as severe in 1967 and l968iwhcn yields were good as in the other yea$.
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We were forced to conclude that bad soil conditions limited yields of wheat that was free
from root disease. The soil is diftcult to cultivate and structurc problems often occur,
acccntuating the effects of bad weather. Wet autumns make cultivations especially
difrcult, the seedbeds are cloddy, adversely affecting cstablishment and early growth of
aufilmn-sown crops. Heary rain after applying N fertiliser in spring rnay cause much
leachiog. Drought in summer can be very dernaging because roots of annual crops do
not penetrate deeply and the relatively small amount of available water which the soil
holds (Salter & Williams, 1969) is soon exiausted.

Where wheat followed wheat, take-all was prevalent as expected and the damage done
was greatest in years when yields of wheat aftcr a break were largest. Even so wheat after
wheat yielded more in 1967 and 1968 than wheat after beans in 1969 and 1970. It seemed
that wheat yields at Saxmundham were more affected by weather and soil conditions
than by take-all and eye-spot diseases, Nevertheless take-all can cause serious loss in
wheat following wheaL The exp€riment showed that the tak+all decline phenomenon
can occur at Saxmundham as it does at Rothamsted.

In l97l the experiment was modified to accommodate tests of seed rates, row spacings
and varieties. A test of different rates of nitrogen in spring was retained but the N was
applied in April instead of March. Great care was taken with all cultivations, extra P
and K fertilisers were applied before sowing and a dressing of nitrogen was applied in
autumn to ensure that early spring growth was not limited by Ndeficiency. Wheat was
grown continuously. In the first three years (1971-73) yields averaged 5'5 t ha-l, the best
treatment lelding over 6 t ha-l. The average was a little larger than the average (4'8 t ha-)
of the same variety, Cappelle-Desprcz, grown on Broadbalk in the same three years. In
1974 the best yields, grown with crops sprayed with chlormequat chloride (CCC) to
control lodging, were: Cappelle-Desprez 6'83 t ha-l (54 clvt acre-l) and Maris Huntsman
7.59 t ha-t (60 cwt acrc-r). In other experiments on wheat we have tested extra water
and extra potassium fertiliser; neither increased yields.

Buley. A series of barley exp€riments was begun in 1967 to compare short and tall
varieties of barley treated with two rates of nitrogen, each applied either ea y (to the
seedbed in March or April) or as a top dressing in mid-May. A soil sterilant (formalin),
tested in the first two years (Widdowsou & Penny, 1970), increased grain yield only by
0.2 t ha-r. In the wet 1969 spring the short-strawed variety @eba Abed) lelded con-
sistently more \vith May than with seedbed nitrogen, but the tall variety (Maris Badger)
did not b€cause it lodged more. A fungicide (ethirimol) increased yields more of the
mildew susceptible variety Deba Abed than of Maris Badger. Best yield was 5'l t ha-l
from Deba Abed receiving 150 kg N ha-l in May.

In 1970 and l97l the brown-rust susceptible varieties Sultan (taU) and Midas (short)
were grown and the yields were much smaller (only 2'f3'3 t ha-) than in the previous
three years; both varieties were attacked by brown rust which seemed to explain the
poor yields.

The experiments made on barley at Saxmuodham from 1961 ro l97l showed: (l) the
advantagc of growing a short stif-strawcd variety; (2) in wet springs nitrate was easily
Ieached irom this underdrained sandy clay soil; (3) there was little benefit from doubling
the N dressing from 75-150 kg N ha-l; (4) there were only small gains in yield from a
soil sterilant (formalin), a systemic fungicide to control mildew (ethirimol), and a growth
regulator (phenyl phosphinic acid).

irom tilz-tq yields from further experiments ranged from 4'4-5'0 t ha-1. Thc
short-strawed variety (Midas) had no advantage over Julia; 100 kg N ha-r was sufficient
for maximum yield, 150 kg N ha-r produced little more grain; nitrogen applied at
sowing in March gave larger yields than May nitrogen io 1972 and 1974 (when the
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springs were dry) and a fungicide @enodadl) tested against brown rust increased yields
of Midas by 0.rt-0.5 t ha-l. .Ihe funercide most iDcreased lelds of barley given ample N,
espocially when this was applied in May. Applying the fungicide made the nirogen mor€
efrcient,

So struc'fue

Difficulties in securing good seedbeds by cultivation, in managing the land to avoid
producing clods (which do not readily weather at Saxmundham) and in avoiding surface
waterlogging and runoff of heavy rain were apparent in the early years at Saxmundham.
They are referred to in the earlier section on wheat experiments. The field was thoroughly
examined by the Soil Survey and Hodge (1972) descriH the soils; most ol the land is
classed as Beccles series (Corbett & Tatler, 1970). This soil series occurs in scattered
a.reas over Norfolk and Suffolk; it is typical of sandy clay soils which occur in Eastern
England and is one of the kinds of soils where heavy mechanical cultivation oftetr leads
to bad soil structure and poor yields (a phenomenon discussed by the Agricultural
Advisory Council, 1970).

When the problems werc realised detailed work was done to try and assess them and
many comparisons were made with the clay loam and silt-loam soils at Rothamsted
where good and stable structure is the rule rather than the exception and where cereals
have lelded consistently morc than at Saxmundham.

Measurements, and ex;rriments made to improve structure, were described by Cooke
and Wi.lliams (1972). Differences in mechanical composition seemed respnnsible for
differences between Rothamsted and Saxmundham soil; Saxmundham soil has 3G401
coarse sand and 20-301fine sand and little silt; the easier-working Rothamsted soils
have little coarse sand but 50-601 of fine sand plus silt; clay contents are similar. Soil
structure at Sarmundham was greatly improved by leys, particularly with lucerne, but
the effects were not long lasting. A soil conditioner (such as 'Krilium') stabilised structure
but did not improve yields. It was concluded that liability to deterioration of structure
was an inherent feature of Saxnundham soil and was associated with iS mechanical
composition. Problems of bad structure were extemely difrcult to solve and were best
avoided by cultivating skilfully and with appropriate implements. When the land is
used for rotations of herbage crope and cereals the structure is improved by the herbage
crops; cereal growing involves less risk of structural damage than growing root crops,
particularly when these have to be harvested in a wet autumn.

The basic characteristics that cause 'structural' problems at Saxmundham are (l) bad
drainage; (2) instability of soil crumbs when v/etted-this leads to large bulk density
(and smaller pore space); (3) the failure of sub.surface clods to weather so the lower
parts of seedbeds are cloddy and massive structures formed by cultivations persist.
Rothemst€d soil does not have these characteristics; its stable units are olten small
ag€Iegates (2-4 mm diameter); Saxmundham aggregates of this size are not stable, the
ultimate stable units are the fine particles of the soil or the massive clods formed by
cultivation.

Experiments on hcrtoge cr,opo

Experiments ol herbage crops wene made at Saxnundham by Oldershaw (1934). Thc
work started in 1902 and much of it was involved in improving self-sown gnassland
by basic slag. Only small quantities ofnitrogen were tested and hay yields neverixceeded
i.4 t ha-l. Later work tested leys iacluding lucerne and red clover and yields averaged
q ! ha ! We made eryrriments fuom 1967-:ll to test dressings of nitrogen up to
500 kg N ha-r on swards of timothy and meadow fescue and also to Lxamine the respo-rxles

l9l
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of lucemc and red clovcr to P and K fcrtilisers. Thc results wcre sumnarised by Wilif,ms
and Cooke (1972).

Grass leys that were cut gavc large yields when given much N 02'5 t ha-r of dry
matter was average). Recoveries of nitrogcn varied greatly frofr,44% i\ lhe year thc leys
were established (1967), to 831 it 1968 rad to 54% in 1969. Anhydrous ammonia
injected by hand was slightly superior to single dressings of 'Nitrochalk' in the wet
1969 spring and its efficiency was improved by treating it v/ith a nitrification inhibitor,
but best lelds (15 t ha-l of dry matter) wrx€ obtahd when three dressings of 'Nitro-
chalk' were applied.

Lucerne yielded morc than red clover and persisted better. Yields of both crops were

iocreased by P and K fertilisers. Yields of lucerne in its second atrd thfud years exceeded

13 t ha-l ofdry matter--lractically as much as was obtained from the grass leys treated
with nitrogen- The maximum N harvested in lucerne was 456 kg N ha-l in 1968; ovcr
thr€e years the total amouDt harv€stcd was 981 kg N ha-I.

Whitc clover-grass leys yielded well when cut at 'Srazing' stage in 1969--a wet year;

they gave 8.3 t h.-r of dry mattcr 6ealaining 250 kg N ha-r; but in the following dry
ycar yield was only one,third as nuch.

The amounts of P and K fertiliscrs netded to maintain both yields and the amounts

of soluble P and K in soils vere cstirnated for both the grass swards treated with N
and thc two taprooted legumes.

In years with adequate rain there appeared to be no problems in producing large
yields of cither grass or legumcs at Sarmundh.m such as we have met with arabfe crop6.
in tgOA .oa 1969 the Srass leys felded more rhrn we normally harvest in similar small-
plot experiments at Rorhrmst€d. From 1972 to 1974 each spring at Saxmundham has
-been 

dry and yields of grass leys treated with N have boen smaller than at Rotheftst€d.
However lucerne yrelded at least as well there as at Rothamsted and persisted much
longer (at Rothanrsted third-year crops are often damaged seriously by Verticillium- wilr
andother diseases). The structure of the Saxmundham soil was much improved by both
rcd ctover and luceme, but the improvement was not longJasting. Tlree years of grass

also improved the workability of the soil when it was Plougbed.
Rotaion I experiment was sown to leys in 1970 (half the area is under grass and half

under lucerne); iucerne has penisted well through four halvest years and average annual
yields of dry matter (t ha-l) havc been:

Gra!$ Lt, taatcd
I-uc.rE with N fcrtilig

12. I
9'7
8.8
8.6

It is clear that herbage crops yicld and persist well on the B€ccles series soil at
Sa:rmundham. Cereals can also give good yields when skilfully managed. It seems prob'
able that suitable farming systems should involve rotatiols of herbage crops (wittr a

strong prcference for lucerne) followed by cereals. Herbage crops leave soil with inproye{
sructuic when the land is plougLed and would maintain the best possible physical

properties in rhis soil. Whethcr this inprovement can imProve yields of following cereals

remains to be determined whcn leys on Rotation I exPeriment are ploughed. Therc are

no serious nutritional problems at Saxmundham except the liability of nitrogen fertilisers
to bc ineficient when lcaching is sevcre in wct periods. Phosphate is often needed' but
satisfaclory tevels of soil P are easily maintaiacd. The soil rcleases much potassium,-but
e'ncll f6gh drcssings of K fertiliscr now incrcasc the yieldr of hcrbage legumes, whcat
and bcans.

192
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L6€s of mfrieots ir drrir.ge , cr

leccles yrres soil usually has poor permeability to water and most soils that arc used
for arable farming are tile-drained. ihe saxmundham field had a a.uioag" ,yste- thai
was. installed last century and oldenhaw made observations on rate and d-uration of
drai-nage flows. Extra drains were-put_in by.l.lAAS in l94g; this system served only about
half of the field, but it worked we[. W_e rcati.sea tnat arainage waLr analyses might ,how
how much nutrients were lost from the soil amually and 

-sanpling 
tegan in i966. We

!g19 complete records of flows and analyses of the water since' tS6Z. .it 
" 

.esott up to
1970 were reporred fulty by Williams (1971)_; Cooke and Wiltiams (l973iha-ve iltt.-h;;some of the mo* recent data. Autumn drainrEe from arable land ls ri.ir ir.i't 

"t" 
<-io-

.50 
mg lige 

_1 
NOrN); later the concentrarionla s to about l0 mg litre-r. O;;i;,i"lty

heary rain in April and May bas caused rarge drain flows and thi', *"t , has been richrn utrate-. some samples have contained ,p to 100 mg NOrN litre_I. The averageconclntration of nitrate for the whole year is about lj ng NOrN litre-r. Total Iois
depends on the amount of drainage. In years when Saxmunjham ias its averag;o];[
(about 650 mm), well distributed through the year, about 20 lg nu-, of NO3IN i. toit.In very wet years (such as 1968-69), ttJ toss tL been 50 tg ha:iand in very ary years(for example 1972-73), very [ttle nitrate has been lost.

- A new system installed in 1972_has rines ofpipes which drain separate sections ofthefield; the whole field is now well-drained and ii has teen mucn easiir to cultivate in loodtime, particularly in autumn. The n-ew system allows drainage from the grass ura uiuUt"
sectiotrs to be collec-ted separately. we have found that aborit four iimeJas much nitratels lost per hectare liom the arable as compared with losses from the area of herbage
9r9ps (part lucerne which receives no N fertiliser, p".t gr"r. which receives aboit
2.50 kg-!a{ of N annually). Average composition, of arti'uli in the last season were
about 20 mg Nos-N litre-r from thi arabli areas and oory i'rrrg 

-tit 

"- from the areasof herbage crops.

.. Very little phosphate is lost in drainage, the average concentration is about 0.04 mg plitre-l and the ayerage annual loss is leis'than o.r tlg r rra:i rosses of other nutrients
are much larger. Our approximate estimates are, per-hectare:

300 kg Ca, 15 kg Mg,4 kg K, 3j kg Na,24 kg N,0.08 kg p, t00 kg S and 90 kg Cl.
The losses ofcalcium are unimportant as the soil has a Iarge reserve ofcarcium carbonate.
Losses .of sulptur are much larger than the rain and flrtitiseis useO supply; we now
conclude that,'dry deposition' of sulphur in particulate material and atsorption of SOe

:bl^t":il-*9f]:f is the likely ca.use of this,iiscrepancy. The."."..uron may explain
ure_tact that rain supplies less sodium and chlorine than is removed in drainagi. '

Work on the Saxmundham drainage water has allowed us io quantify-losses ofnutrients; in particular it has drawn aitention to the losses of nitrate which vary witlrainfall and are large in wet yea$. It arso shows that observationion draioag" floris and
analyses of the water should be useful to advisory ofrcers.

RrrmrNcrs
AoNcrrLTUr L ADvrsoRy CorrNctr_ (1970) Modern latmiag @rd th. sorL l_ondCooKt, G, W.. M^TrrNoLy- G. E- 'c_

xs:**um;tef .ffiffi,Wfr,ffii*I*#
coor* c. w & wtrr^lrs. R. J. B- ar973)' Sr6incii# 

"i,i"f,-iliae6ure of phocphorus: fertiliscrs#ffi ff-"HrHA:l:H;}f ,;1rl"rl-tt,."t'Gtii,*"i'a*fi,iliiiti"s.riti'iiil"i
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