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FTELD D(PERIMENTS
By the PLor CouurrrEE

The following members of the-staff, who constitute the Field
Plots Committee, are responsible for plarming and carrying out the
programme of field experiments: E. M- Crowther (Cbairman),
II. V. Garner (Secretary), H. H. Mann, J. R. Moffatt, D. J. Watson,
and F. Yates.

Rottamsted Field Experiments, 1948
The season 1948, though dull in the summer months, was not

unfavourable to crop growth. Work on the plots proceeded without
serious hindrance: iereat and root yields were up to staadard while
potatoes were excellent.

The drought of 1947 continued till the end of November,
conseouentlv the autumn sown wbeat and beans were driUed in
*,".y dry ."ir:U.as. The beans that were driUed were completely
los[ thr6ugh birtls, but the ploughed-in beaas and the wheat made
good planls arrd came tbrough the very mild winter without
appreciable loss. After a rather wet .January the spring was dry,
niiia, and bright and generally favourable. There was plenty of
moisture in Miy and June, but July with less than an inch of rain
was ur:usualJy 

-dry. in t.otin"i when the press was full of
complaints about ruined harvests, the Algust rainfall at Rothamsted
at 2:6' was practically the average while September was drier t-han
usuat. Theie were, however, a rather large number of wet days
during tbe harvest period, but none the less crops were secured in
eood condition. Oclober and November were also drier than usual
Eut the weather broke for the lifting of late sugar beet and mangolds.
The whole year with ?'2 inches of rain was 1'3 below average.

The number of plots hantlled by the experimental stafi is shown
in the following table:-

Corn and Potatoes Hay Grazing Total
Linseed and Roots

Classical
Long Period

Rotations
Annual Experiments
Total

39

232
7

558

101

215
501
817

47 187

56 3 506
788

103 3 1481

Unfortunatelv 64 plots of beans and two plots of turnips on
Agdellwere lost through birds and disease respectively so the number
of plots harvested was 1,415.

CLASSICAT FIELDS
Broalbalk (Contiauous wheqt, 105th year)

The wheat was drilled in a very dry seedbed on October th.
There was a good germination and the plaat wintered well. Section
II, after bare iallow, was shorter in the staw and weaker than usual.
There was little lodging except on the heavier plots of Section f
near the Wilderness. The field was harrd pulled for wild oats
between mid June and the end of July and very few of the panicles
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reappeared before harvest. Bird damage was probably less severe
than usual. The crop was cut on August 19th and carted a week
afterwards in very good order: it was one of the brightest pieces of
wheat carted in a year when much of the com was blackened.

Wheat and falhw (93rd year)
This was drilled at the same time as Broadbalk. On the whole

the crops were better than usual, and better than the continuously
onmanured plot on Broadbalk, and appeared to show a slight
benefit from the three years' fallow as compared with the one year
fallow.
Hoosf'ield (Continuous barley, 97th year)

The barley was sown on 3lst March and early grorvth was good.
Wild oats were pulled during the sufluner on aJl plots except 50,
5A, and 3C which were cut green with the exception of a small area
that was hand pulled and left to ripen. Before harvest a second lot
of oat panicles much less numerous than the first had appeared on all
plots. The dung plot was badly laid this year and very weedy on the
west end. Elsewhere the field was fairly clean apart from the oats.
The promise of the yield was quite up to average,

Barnf.eld. (Contrttous mangolds, 73rd year)
The first sowing of mangolds and sugar beet made under good

conditions on April 28th was completely ruined by flea beetle in
spite of all attempts to save the plaat. On Jurre fth the field was
redrilled with mangolds only, and the second sowing grew fast and
continued to make grorth well into the mild autumn. Lilting
commenced in early November and later the conditions became very
wet and sticky. In view of the late sowing the crop was better than
might have been expected.

Park Crass (Continuous meadow hay, 93rd year)
It was a good year for hay. There was a taller grorth of grass

than usual on most plots, but legumes were not so conspicuous.
The first cut was taken on 16th June; the second crop came away
quickly and was cut on the 9th of October to give a much better
yield than average.

Agd.elt Field (Four course rotation. Swedes, barley, clover or
fallow, wheat, l0lst year, lst crop of th course)

The field was due to carqr swedes in 1948, but Ior many years
negligible yiekls oI roots have b€en obtained on account of finger and
toe disease. Only plots I and 2, where the disease is most serious,
were sown in order to maintain an area of iofection in view of the
possibility of carrying out field experiments on controlling this
disease. There was a splendid plant up to the time of singling, but
as usual the roots on plots 1 and 2 were practically entirely destroyed
Iater in the season and no yields were taken.

LoNG PERToD Rorerrolr ExprnruBrrs
Fow course rotation (potatoes, barley, ryegrass, wheat 19th year)

The experiment measures the first year and residual effects of
dung, straw compost, raw straw plus artificials, and two phosphatic
fertilizers. A summary of the results of 14 years of this Rotation
will be found in the Report lor 1946, p. 82. The potato crop of
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1948 was particularly promising and showed the efiect of the extra
nitrogen applied to half plots. Barley was about average, the plots
receiving stra'w and extra nitrogen looked very well in the spring
but as usual was completely lodged before harvest, nevertheless the
direct application gave a yield of 36.5 cltrt. gra.in per acre. Autumn
sowtr wheat failed twice through rough seedbed and bird damage
and was finally replaced by Atle spring wheat drilled on March 8th.
This germinated well but Dever made good gror,rth and the wheat
came to harvest short, thin, with very poor ears. The ryegrass was
poorer than usual particularly on the rock phosphate plots where
bare patches were noticeable.

Sdr coazse (sugar beet, barley, clover, wheat, potatoes, rye, 19th year)
The experiment measures the responses to each of the three

common nutrients yearly. Most of the crops in this rotation were
above average in 1948. Potatoes at 9.5 tons were good and res-
ponded well to nitrogen and potash, sugar beet I 1.5 tons was much
above average and an even plant, but apart from the usual increase
for nitrogen in the tops, fertilizer responses were small. Rye was
tall and even, some of the plots being over 6 feet in height; barley
cleal, standing and uniform, a very fine crop averaging 36 cwt, per
acre. The red clover cropped well with a fuil plant but hay'rnaking
conditions were unsettled and the crop was secured with great
dificulty. Potash was the most efiective manure for this crop.
Wheat was the worst crop; the first sowing failed and a late autumn
sowing on November l2th gave an irregular crop which lost further
plant in spring, the yield, however, was better than appearances
suggested and averaged 26.6 c\trt., slightly more than the rye which
looked much more impressive in the field. All cereals gave good
responses to nitrogea. This rotation is summarized over the l$year
period 1930-48 on (p. 90).

Three course (potatoes, barley, sugar beet, 16th year)
The experiment measures the direct and residual efiect of straw

compost, raw stmw plus artificials, and fertilizers only without
organic matter. All the crops in this rotation did well. The barley
as usual was a good even clean crop yielding on the average 33.5
cwt. grain. Potatoes at 10.4 tons p€r acre were well above the
average and made such rapid spring gror*th that they had to be
earthed up much earlier in the season than usual. Straw gave
quite marked direct and residual efiects on potatoes. A strip on the
east side of the sugar beet was damaged on May l4th by the drift of
weed killer from a neighbouring crop, but was redrilled at once with
soaked seed and in the good growing weather which followed the
uew plants caught up with the rest. The fual crop at 34'6 cwt.
of sugar was slightly below average.

Tuo colrse rtilaliott (7th year)
A long period experiment testing the cumulative efiects of various

leyels of agricultural salt applied to sugar beet, with halr rates on
the following barley crop. Both sugar beet and barley in this
rotation were good crops, One stdp of plots of the sugar beet were
damaged by weed spraying but immediately repaired (see note on
adjoining sugar beet three course rotation). Salt gave an increase
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of up to l0 cwt. oI swar per acre, whether applied in winter or ir
the seedbed- Muriate of potash had little efiect on either beet or
barley.
Deep culliaation rctalion-six course (Sth year)

A rotation of sugar beet, barley, seeds, ivheat, potatoes, oats
testilg 7' v. 14'ploughing (for beet, wheat, potato€s only); 0 v. dung;
0 v. superphosphate; 0 v. muriate of potash (for beet and potatoes
only). The deep ploughing for sugar beet exposed much subsoil
and the plant on these plots was slightly thinner and more irregular
than elsewhere. A serious attack of flea beetle was successfully
controlled by three dustings. I-ater in the season the crop made
wonderful gro\*th. Heavy yields of 16 tons per acre were recorded,
and the final result of the deep ploughing was a loss of 1.1 tons roots
per acre. Barley gave the excellent crop of 4l c$t. grain per acre
which tended to lodge on the plots previously dunged for sugar
beet. On the land deep ploughed in 1947 the barley looked a little
better and had a brighter colour than on the shallow ploughed areas,
but this was not reflected in the final yield. A good crop ofseeds
was secured with grasses tall and predominating over the clovers.
The wheat on this rotation was the best on the farm with a yield of
41 cwt. There was a slightly thinner plant on the deep ploughed
plots which showed much subsoil. These plots looked poorer
throughout autumn and winter but they filled out v-ell and all
looked excellent at harvest time; they yielded 3.4 crt. less than
the shallow ploughed plots. The potato section was ploughed to
tull depth (13') for the first time in 1948. In 1943 the Iull depth
could not be reached and in 1946-47 the ground was too wet to
plough deep {or wheat. In spite of this the subsoil that came up iu
1948 showed less red clay than elsewhere and crumbled easily in the
winter. Potatoes made a fine crop of 15 tons per acre and showed big
response to dung and potash. Oats started with a rather thin
plart in spring but filled out to an excellent crop, tall and heavy
headed, in July the oats on plots that had been deep ploughed for
potatoes had a better colour than the rest, and the land was some-
what less weedy- There were no marked treatment efiects in the
final yields. A few plots showed excessive amounts of raw subsoil
which on these particular areas appeared to depress the yield.

High Field grazing erpcrima
This experiment, carried out for the Royal Agricultural Society

of England, measures the residual effect of cake fed on pasture as
compared with the conventional manurial equivalent applied as
fertilizer, the control plots having neither cake nor fertilizer.
It was begun in 1937 and was in full cycle by 1940. In
1948 plots 4, 5 and 6 were grazed with cattle and sheep to measure
the second year effect of cake or fertilizers applied in 1946. By this
time every block of the experiment had completed three cycles and
the experiment was terminated.

THE ANNUAL EXPERIMENTS
Pofutoes

The annual potato experiments were put down in Sawyers II
which had previously carried four com crops. The expriments were
repetitions oI those carried out in previous years with only slight
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modfications. The season x,as excellent for potatoes and ali plots
grew well and were clean and full of growth right up to litting time.

Exleiments with dungs and organic manures. 'fer:. di.fferent
types of farmyard manure were tested at single and double rates in
this experiment which also included rotted bracken. Rates of
application oI dung ranged from 2'6 to 8'7 tons per acre in the single
dosd according to the amount of litter aud period o{ storage. All
dung at the single dose gave increases ranging from 1'5 to 3'0 tons
per acre; the lightest &essing, 2'6 tons, of an overyear dung from
bullock boxes gave an increase of 2'6 tons o[ Potatoes. There was
marked Ialling ofi at the double rates, the increases ranging from
2.1 to 3.1 tons. In the absence of organics there was no response
to nitrogetr but a large response to potash oI 3.8 tons. In presence
or orgarrics the response to nitrogen was good, particularly at the
lowei level of organic manuriag. A11 dungs arrd also bracken
greatly reduced the potash responses.

Thne of pl.anring erferiment, This experiment now in its 4th
season was desigled to test the spread of virus diseases i.rr the potato
crop and is more fully discussed by the Plart Pathology Department.
The earliest planting, April 10th, gave 12'2 tons of potatoes, the
latest, May 2%rd,, gave 6'9 tons. Potash was by far the most
efiective nutrient.

Cultiootion ex/erir cnt. This was a continuation oI an experi-
ment testhg the efiect of earthing up and of shallow v. deep
inter-rorv cultivation ol potatoes. A further treatment was a straw
mulch applied along the rorvs alter the first deep cultivation. There
was also i test oI iertilizers on the flat v. fertilizers in the ridges.
The crop was a very good one, and grew so fast in the early summer
that it had to be'earthed up a fortnight earlier than usual ard
consequently onJy one deep inter row cultivation was possible.
Neither earthing up nor the furter-row cultivations had any effect on
the crop, but the straw mulch ircreased the yield by 1'8 tons per
acre. Fertilizer in the ridges produced 1'1 tons more potatoes tian
the same quantity of fertilizers broadcast on the flat before ridging-
Both earthing up and mulching reduced the proportion of greened
tubem.

Linseed exPerimenk
Two eiperiments were put down on Bones Close.

i1) Testing times of sowing, seed rates, and each oI the three
common nutrients.

(2) Testing two rates of a comPlete fertilizer broadcast, and
halJ rates drilled.

The plant came away well but was attacked by flea beetle- Jh9
efiects oi this was very much more serious on the late sown plotswhich
oracticallv {a.iled. There was some indication in the field that the
ireavier d6se of ferl-ilizer drilled with the seed had injured the Plant.
Both experiments were marred by a very bad infestation of 'toose
erass' *bich irt certain cases completely obscured the crop. The
iveed was worst oD plots generously manured. Threshing was
exceedingly difEcult and there was much weed seed with the gJain.
The best piots, yielding 11 cwt. per acre, were early sowa and without
fertilizer.- Lati sorving owing to flea beetle damage only gave 2
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cwt. per acre. Fertilizers either individuallv or in mixture had
v-9ry littlg effect, and the appl.ication of 4l ci.t. with the seed was
slightly detrimental
Whest

Six expriments were set dowrt on this crop.
(1) Eyespot experiment, Litde Knott, a continuation of work

carried 
J,-ut by the Plant Pathology Department and reported by them.

(2) Wireworm experiment, iittle Hoos. two exoe'rirnentsiestine
modem fumigants and their method. of application against wirel
worms._ These. are reported by the Insicticides Department.

(3) Inoculation experiment, I-ong Hoos. The purpoie of this
experiment_ was to test on sprin-g wheat bact'eriai inoculum
containing beteroauxins for whiih g6od results bad been claimed
in France. A fair crop of 22 cwt. ofivheat was srown which showed
a 

-good 
response to nitrogen applied as sulphatJof ammonia but no

efiect of the inoculum- - - -

(4) Residu ts in autumn wheat oI organic manures applied to
potatoes in 1947, Great Harpenden. TEe measurement'6f dr-,
residuals in cereal crops has been carried out for manv vears]
A hea\y crop of 41.9 c\rt. of vr'heat was grown which showeh fisible
residual efiects due to the organics i.ri the early stages. These
etlects were Iess marked at harvest time but still noticeible- Raw
straw plus artificials, which was one of the worst treatments in the
potato crop of..lg41, gave the most conspicuous residual effect in
\rheat amounting to 7-2 cwt. for the doubie dose of straw.

.(5) A-smalJ experiment was put down to compare 5 varieties of
spring wheat and three varietils of autumn wireat sown in the
spring. Three nitrogen levels were a_lso tested. Of the varieties.sed Fyl6ra and Aprii Bearded were the earliest, but the auturnn
wheats were very late to harvest and the last of these was not cut
till September 12th.

Sfing sown cereals

. Long Hoos, second year, This was a repetition of the experiment
of 1947 on exactly ttre same lines. The seed was sown on March
l7th. 

^ 
The mean yields without nitrogen for the various crops \Mere

oats (S.84) 14.6 cwt.. spring wheat (A1le) 18.2 cfi.. autum_ri wheat
(tsersee) 13.4.cwt., barley (Plumage Archer) 22.5 cut. AIJ crops
responded well to nitrogen up to a level ol 3 cwt. of suJphate of
ammonta per acre : but the further responses to 4; cwt. of sulphate
of ammonia were negligible. At all niirogen leveis barlev was the
most productive crop. though at 3 cwt."of sulphate of"ammonia
and still m.ore at _4+ cwt. lodging occurred. phosphate responses
were insigaificant, but barley and Bersee wheat responded to potash.
Beans

- . Great Field I. Two bea-n experiments were put down in this
6eld, but one testing the combine Arilline of fertilizir was comDletelv
destroyed by birds. Arr experiment tes"ting variety and cultivatioir
factors had all the seed ploughed in, and o-n the whole gave a verv
good plant. Two early sown blocks drilled on October i6th, looket
better during wirter and early spring than the remaining two that
were sown on November l8th, Four difierent strains 6t seeO aU
yielded much the same, the average leld being .S cwt. gr-ain per
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acre, a very satisfactory crop. As usual a bigh seed rate, 3
cwt. per acre, was distinctly more satisfactory than a lower rate,
z-cwt.. per acre. The extra cwt. of seed gave a further 3* cwt. grain.
The leld of straw was nearly 2 tons per acre for the crop grew
very tall.
Fenilizcr ll.aume c*ferimznls

Two of these were carried out on Irng Hoos using the special
drill made by the National Institute of Agdcultuml Engineering,
one on sugilr beet and the other on peas for threshing. These
experiments are part of a series carried out Ior the most part at
outside centres; they are reported by the Chemistry Department.

Woburn Field Experiments, 1948
CLASSICAL EXPERIMENTS

The permanent wheat and barley land was once again lallowed in
l9,l8 making two years'fallow since the last crops were taken.

Loxc Prnroo Rorerrox EXPERTMENTs

Sir-course rolalion, lglh yeal
This experiment is on exactly the same lines as the one at

Rothamsted except that in recent years the variety oI wheat grown
has been Square Heads Master instead of Yeoman- Crolx were on
the whole satisfactory in 1948. Sugar beet gave an average yield
of 9.5 tons which is very close to the mean of all years. Potatoes
at 8.9 tons were slightly better than usual. Barley produced the
excellent crop of 27.5 cwt. per acre, whereas wheat yielded 20.8
cwt. and rye 21.0 crlt. All crops except the clover which this year
was trifolium owing to a failure of the main sowing, responded well
to nitrogen, but phosphate and potash were inefiective.

The first sowing of wheat failed through bird damage and the
crop was resown on November 14th, a Iair crop resulted but there
was much shrivelled gain. Rye sowrr on November l5th did not
sulfer from bird damage. The results of this experiment over the
l9-year period 1930-48 are summarized on p. 90.

Neu green manuring er?erirncnr, llth yeat
This experiment compares undersown clover, undersown

ryegrass, lupins and rape as green manures for autumn cabbages
followed by barley. In 19,18 a fair crop of barley, 22.4 o t., was
grown which showed a striking response of 8 crrt. of grain for 2 cwt.
of sulphate oI ammonia. Of the green manures tumed in for the
previous cabbages, clover was the best and ryegrass the worst in its
efiects on the barley.

Lcy arablc rotalion, llth year
This experiment tests the value of three years' ley and three

years' lucerne as a means of building up soil fertility in comparison
with rotations without leys (for full description see Rothamsted
report, 1938, p. 135). Block 3 now begins its third rotation.
Potatoes showed a pronounced residual efiect of 2.23 tons due to
15 tons of dung applied two years previously. The level of cropping
was excellent, mean yield 16 tons. The ley plots were sown at the
end of March and gave no less than 7 grazings. The trass cuttings
from these plots expressed as hay yielded 4.3 tons per acre. This
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was by far the most productive frst year grazing season on record.
Luccme sown on May lSth showed some loss of plant durirg the
season especially on plots which had frequenfly grown luceme in
past years. Block 5 shows the second years' test crop, barley,
which at 30.6 cwt. was the best crop so lar grown in this experiment.
It showed small but appreciable residues of dung applied to
the previous potato crop, but very little efiect due to the Previous'systems of cropping. Blocks I and 2 showed leys in their 2nd and
3id yean and various arable crops. In l9lt| the 2nd year of the ley
et 4:4 tons of hay equivalent was more productive than the third
year at 3.4 tons. Third year luceme gave 3'2 tons of hay during the
ieason, and 2nd year lucerne 4.3 tons. Wheat failed twice from
autumn sowings due to bfuds and was resown in the spring. The
6nal yield was only 14 cwt. I year seeds for bay undersown in
wheat in l9{7 failed in the summer &ought and were resown on the
bare ground in the spring of 1948. Only a Poor croP of l'2 tons
per acre resulted. Sugar beet was a satisfactory crop of l0'8 tons
with a rather high proportion of tops. This experiment is surnmarized
on p. 91.

Organic manure erperimcnt, manhel gard*n crops, 7th leat
This experiment tests the eflect of yearly applications oI dung,

vegetable compost, sewage sludge, and sewage sludge comPost on a
rotatioo of vegetable crops. The organics are applied at 15 and 30
tons per acre to peas and to red beet. Sulphate of ammonia at
several levels is also tested. The peas drilled on March l6ttr turned
out a very weedy crop and there was a rather large proportion of
unfilled pods- Better germinatiotr was noticed on the plots
receiving organic mernur€s, but the crop was very variable. Dung
increas€d the yield of saleable peas and sludge decreased it. There
was no advantage from the addition of sulphate of ammonia. Red
beet was a gappy plant partly owing to an attack of flea beetle;
there were more plants where organics were applied. There were
many bolters and the number of these was increased by those
treatments which increased the crop leld. The yield of bulbs was
very smaU on the control plots but was considerably increased by
organics, especially dung arrd sewage sludge. Sulphate of ammonia
was also efrective.

Axxuer Expnnrurxrs
The only annual experiments at Woburn in 1948 were replications

of the two linseed experiments as carried out at Rothamsted.

Six Course Rotation Experiments, L93O.L948
In 1930 two long-period rotation experiments were started, one

at Rothamsted and the other at Woburn. The PurPose was to
provide data on the effects oI varying amounts oI the three standard
nutrients, nitrogen, phosphate aud potash on the yield of the six
crops of the rotttion in the dillerent weather conditions of successive
vears.- 

The rotation is sugar beet, barley, clover, wheat, Potato€s, rye'
For the first 4 yean the rye was harvested as green fodder, but
subsequently it has been carried on to maturity and weighed as
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grain and straw. The crops rotate on six areas on each larm so that
each crop oI the rotation is present every yeax. Within each area
there are 15 plots consisting of tbree sets of 5 treatments, testing
5 levels of nitrogen, 5 levels of phosphate, and 5 levels of potash
respectively. The plots do not receive the sarne treatment through-
out, but on each plot the l5 treatments follow each other in a
definite order in successive years, thus avoiding cumulative effects
of any nutrient. In each set the order is 4,3,2, l, 0. The 15
treatments axe :

Nitrogen set 0, l, 2, 3, 4 units oi N with 2 units of P and 2 units of K
Phosphate set 0, l, 2, 3, 4 rurits of P with 2 units of N and 2 urfts o{ K
Potash set 0, l, 2, 3, 4 units oI K rvith 9 units oI N and 2 units oI P
The Iertilisers are sulphate of a,rnmonia, superphosphate, and
muriate of potash. The units are 0.I5 crt. N per acre, 0.15 cwt.
Pr0u per acre, and O.25 cvt. KEO per acre. Thus in terms of ferti.liser
the nitrogen dressings ranged, in round figures, from 0 to 3 crt.
sulphate o{ arnmonia, the phosphate from 0 to 3} cwt. superphos-
phate, and the potash from 0 to 2 c$.t. muriate of potash. No
dung is given, but a uniform a.pplication of calcium carbonate is
applied after sugar beet and again after potatoes. The experiment
has not yet been continued long enough to provide sufrcient data
for a lull statistical examination of seasonal Iertiliser responses in
relation to weather conditions, but in the meantime the general
nature of the fertiliser responses on the two farms has emerged
fairly clearly and the l9-year means are recorded in this preliminary
statement.

It was soon apparent that nitrogen was by lar the most eflective
nutrient on both farms and on almost all cro1x. The average
responses to phosphate and potash were in genera) much smaller,
although certain crops, notably potatoes at Rothamsted, gave big
retums Ior potash and appreciable increases for phosphate. In
Table I rill be found the mean yields for all crolx at the five lewels
of uitrogen, but for the much smaller eflects due to phosphate and
potash the mean linear regressions give a sufrcient picture oI the
results, a-nd these are therefore tabulated. For comparison the
regression figures for nitrogen are also included.

At Rothamsted almost all crolx show clear responses to nitro-
genuous manuring. Thus l| cwt. sulphate of ammonia (the mean
rate of dressilrg) gave increases of 0.?4 tons sugar het, 1.2 tons
potatoes, 5'2 cwt. barley, 3.5 c$t. wheat, 5.? c!!t. rye per acre, but
for clover hay the inoeases for nitrogen although appreciable are
probably due in part to the presence of seu-sown barley and weeds.
For most crops there is a distinct falling off in the responses at the
ligher rates of Iertiliser application. In rye straw and in particular
in sugar beet tops the nitrogen responses are well mainta.ined at
the higher levels; Ior the sugar beet tops the higher d.ressings
appear to be if anything more effective than the lower ones.

At Wobum all crops except clover responded well to nitrogen.
The increases for l| cwt. sulphate of ammonia were l'6 tons sugar
b€et and potatoes, ?.7 qrt. barley, 3.5 cwt. wheat, and 4.9 cwt.
rye. The actual responses were usually ligher than the correspond-
ing ones at Rothamsted, though the level of cropping was better at
Rothamsted than Woburn. As at Rothamsted the increases tended
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to fall off at the higher levels, but once again sugax beet tops kept
up their responses to the highest level of manuring. The nitrogen
responses vary considerably from year to year. Taking sugar beet
as an example, the most Iavourable year on both farms was lg43
when Rothamsted showed an increase in roots at the rate of 7.4 tons
per I cl!t. N, and Woburn 9.5 tons per I c*t. N; on the other hand
in 1932 both farms showed a loss of 2 tons roots Ior I cwt. N, the
worst result on record. The parallelism between the nitrogen effects
at these two localities is by no mears alwal.s as close as this; the
nitrogen effects observed yearly at Rothamsted are much nearer to
the general behaviour of nitrogen on sugar beet in the Eastern
Couaties, as measured by experiments carried out annually on com-
mercial farms in all sugar factory areas, than are those at Wobum.
In 1948 for instance, a year of 1ow nitrogen response generally,
Rothamsted gave practically no increase for nitrogen, while Woburn
gave no less than 9.1 tons per I cwt. N.

As rvill be seen by the regressions, there are few striking responses
to either phosphate or potash. The only crop that shows appreciable
responses to phosphate is potatoes; this is found on both farms.
Potash at Rothamsted gives a big response in potatoes, the suc-
cessive increases over no-potash being 1.27 tons for * cwt. muriate
of potash, 1.77 for I c\ft.,2.O7 for l+ cwt.,2.43 tons for 2 cwt.
muriate of potash per acre, In addition there is some evidence ol a
small response to potash in sugar beet and clover hay. At Woburn
the small responses to potash in sugar beet and clover hay are very
similar to these obtained at Rothamsted, but the potato crop
behaves quite differently on the two farms. At Woburn 2 cwt. of
muriate of potash gives only 0.3 tons of potatoes in contrast to
the 2.4 tons obtained at Rothamsted.

The productivity of the two farms may be compared by examin-
ing the mean leld lor each oI the crops over the whole period of
the experiment. Each crop had exactly the same manurial treat-
ment on the same variety for the whole course of the experiment,
except that Irom 1947 Squareheads Master wheat was substituted
for Yeoman at Woburn on the grounG that it was more suited to
the light soil. Rothamsted is on the whole the more productive
Ia.rm, pa.rticularly for wheat where the felds exceed those at
Woburn by 12.3 cvt. grain and 15.5 ct't. straw per acre; it also
grows 0.81 tons more suga.r beet with 3.23 tons more tops, and
substantially more barley and rye. Woburn on the other hand
gives somewhat bigger crops oI clover hay and slightly more
potatoes.

In Table I will be found the mean yield of each crop talen over
three successive periocls oI six years. Such figures should reveal
any pronouaced tendency towards soil exhaustion during the
course of protracted cropping with Iertilisers alone, the only organic
matter given being the sugar beet tops ploughed in on their respective
plots. It should be noted however that certain changes in crop
variety were made on both farms. fn 1942 Majestic potatoes were
substituted for Ally and in 1943 Kleinwanzleben sugar beet was
substituted for Kiihn. In other words during the last six-year
period slightly heavier yielding varieties oI roots were being grom,
and in particular the leld oI tops of the sugar beet might be expected
to be appreciably increased by the change from Kiihn to Kleiu-

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-70 pp 12

[.oo $oo
5E* ssg

ir: i"rs

!ar;ri6t6rer-o|$616r ro Oo6r<oaro
; Fb6-,66N66

o 
v, a .. .r i. + i d N ..! .t .o !.dJ i6r I I

&
'e.j ca.o 'aN.o ir o ai io i roo ctoroi6c\
,! ; d,.i',o F F;6; a N .i,6 ;*a:a:v o-NNc\Ni_<c\c\ c\r F ii I I lT

Er E,-.*-^-
EE;3Y?9??Y:?rS 99 ???91{
EtsF. eloFFF@roFc.@c Fco ..+oo6to
a

d rj E aD O @ aD r lo c fi o <i).o !acraoFoF
! >ian;;=n;cii os .:ooA-:lqr ecr+*$+dc! - c.r I 'T

Ba': rjdF(o6$nrF.6rN r.d !..5F?.i
,i iicoF;.;ln+;; F,o oNo;a:.J o .{ d 6r c.l 6{ - i ; - - c^r - -;: - I - -

895 33t

!9? ?T?

*
5-* 3-.E
J6- 66!6 p
i6|6r ci6.rN e

x
ro

ao aa an bor*
6.4i. 6 F.a -...6.' .D 6..\ }\

Eo
.^- -.- $
;ii 66o I
.i.'t 6 d6rd -'

.F

-F- 6<o<o rl
hrh 6ts(\ rl
N.6 0 61 6r an o

f,

*es sP35
;;; 6ii.

;.;6 Fie

t{

g'

I

ti3
o:

t(, "

I xx-E,r
6S\:,

E

>,i o

T
Ec

oo

?6a

tr E.
- F!

!a

5;j! ; - o o o o ,o o € N c.r += .-**=.- E
#A.'; l^+.oi,:.;;A+i :;- ;+a::: IAFz o6rc.r N 6r 

^rn E

E

Ar.o-^--..-... ... ."-o.*- 9-.
! ie?!E;.;;- ii,i ir ,:a;:;; ofl

x@ o c{ co ."r .t .. d .{ .o .. 6 o.o irl - - E

i qb
t 

=oc)6'.i J.j aD 6- N r,. <i! oo o c.l - +16 .,!o.?)Iooo 6=

d iRRi$S:nR+; o", :.o::66 E*
g

? k ; co n <o c"r - ,: * o .,: ro i,..r .^.".-- i
o5r(Do-N665 hN6^-a al
FCD u6..o.'rc...dN itl 

;ra
fi x , - .. ". 

o.,.r !o.. { ro 6r
L 5E'o-F$!rto Fonr;44.6
!!, F!i:;tn46+.a;,o; ;,o iJ,o636
5 - I -i-

3.,..o..,-"o,o.-
E 3?Yf?1!T:9t f? : | 1*1f
E +F6o a6 € F..qooo 6F N.?c:?oc

c

EI

n
4
B
€cd
BE

E\J
5
a

e*
EB
Frs

ql
o

E

al

6

r
!l

c
6t

T,ocrto ,ocro
Soaorooo
tlt I |it I I

.Yooos,ooo

s,I .60.o ----o 6^i.otl<o-icii<o
ie' 6;;o a3o6 :: 3:€:E:

- d eI;Ie:1: AefrE64
,.e|..H.d..1.

- o45 6s 3;s * o_ e-
! . t&r g,Z n Y
C i e 0+. .; .;S + A *, 

' 'o -! {J :o o o

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-70 pp 13

94

r,nanzleben. These changes may have tended to obscure in part any
deterioration in fertility as far as the roots were concerned-

Taking the crops in \,ehich little or tro change was made, namely
barley, wheat, and rye, it appears that at Rotharnsted the last six-
year period gave better lelcls than either of the two preceding
periods. Wheat in particular was much better at the end thar at
the beginning of the experiment. The yield of cereal straws showed a
depression in the middle period, especially in rye, but recovered in
the final period- At Woburn barley and rye showed a fairly marked
decline in yield in the final six-year period, amounting to 3'8 c\vt.
and 5 cwt. grain respectively, the reduction in straw was even more
marked. There u'as no definite trend in rf,heat yields at Woburn,
where the level of production was low in any case-

Woburn Ley,Arable Experiment, 1938.1948
In 1938 a long period rotation experimcnt was begun at Woburn

to test thc effects on soil fertility of leys, lucerne and different
systems of arable cropping. The cropping schemes under test are:

l. A three-year ley, grazed by sheep.
2. Lucerne, cut for hay for three years.
3. An arable sequence with one-year seeds : potatoes, wheat,

one-1,ear ley for hay.
{- A purely arable sequence without le,': potatoes, wheat,

kale.

The results of these four methods of cropping the land are
measured in two test crops, potatoes followed by barley. There are
thus a series of five-course rotations in rvhich the fourth and tifth
crops axe always potatoes and barley. There are Iive blocks, each
of eight main plots, on lour of these plots the above Iour cropping
systems are tested uithout change to bring out cumulative effects.
Since it is possible that some of the continuous rotations might
lead to rather large diflerences in fertility, as for example by the
exhau.tion of organic matter, the rema.ining four plots carry the
ley and arable sequences alternately, thereby testing the effects
oi the cropping at a steadier fertility level. The blocks were started
off at 1'early interi'als so that after five years all phases oI the
rotations were represented annuallv. The only manurial factor in
the experiment ii the effect of 15" tons of dring per a.cre applied
to the potato test crop. Its residual effects are followed through
the subsequent crops. The dung treatments are repeated on their
respective plots. Phosphate and potash applications are equalised
for all treatments over a five-year period, but nitrogenous manures
are applied according to a schedule based on crop requirements.
C€rtain modifications in cropping have taken place in the course of
the experiment. Kale was never a very satisfactory croP at Woburn,
mainly owing to damage by bnds and vermin, and in 1945 it was
replaced by sugar beet- In 1940 Ita.lian ryegra.ss was included in
tha mixture for the three-year ley to add bulk to the produce of the
first year. In the autumn of 1948 rye was introduced in place of
wheat, on the grounds that it \vas a more suitable crop and less
damaged by birds.

To illustrate the information that becomes available as the
experiment proceeds we may take the sequence on the first block
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started in 1938. For the three years 193&{O the eight plots of this
block carried each of the above treatments in duplicate, since at
this stage ttrere is uo differeace between continuous and altemating
treatments. In l94l potato€s were grown on the whole block, but
each potato plot wa-s split to test the dAect application of 15 tons
of dung pr acre. The elfect of the previous cropping was therefore
rneasured in presence and absence of durtg on a basis of two plots
per treatment. In 1942 barley followed potatoes to give the second
year effects of the treatment crops and the residuals in barley of
dung applied to the previous potatoes. In 1943 the distiuction
between the continuous and alternating rotations began to operate
on the first block. For example, of the two plots which had pre-
viously tested lucerne residues in barley, one went back into lucerne
to give the continuous lucerne treatmeut, while the other changed
over to an arable rotation beginnirg with potatoes in 1943. All the
main contrasts are tested at all stages of the rotation every year,
but there are only a few plots Ior each contrast in individual years.
In presenting iesults over the period l94l-8 in Table 2, the con-
tinuous and alternating rotations have been taken together.

The level of potato yiekls in Table 2 is high and the standard
errors yqrr by year have been satisfactorily 1ow. Barley has pro.
duced only moderate crops and, large\ owing to game damage,
yields have been much more variable. The wheat yieids are low.
The effect of the previous rotatious on the yield of the test crops
h the absence of dung may first be considered. The potato
test crop receives a basal dressing of 0.6 c$t. N, 0.5 crvt. Ppu and
0.75 cwt. KrO per acre. In spite of this fairly generous treatment
tlere is a considerable diflerence in yield due to the previous
sequence of cropping. The residues of the ley give the best result
with the very creditable average yield of 12.3 tons per acre.
Lucerne is only half a ton behind, but the two arable rotations Sive
significantly tower yields, the hal, rotation being somelvhat better
than one with tillage crops. The difference in yield between Potatoes
following ley and those following arable crops is no less than 2'3 tons
per acre. The barley crop, which follows potatoes and receives
0.2 c*t. N per acre as a ba.sal dressing, gave a significantly better
yield after lucernc than any of the other rotations. One )€ar later the
plots come into potatoes, rvhich a6ain receive the same fertilizer
treatment as before. Yields are still good and at this stage the
residues of the three-year lev stand out above all the other treat-
ments. The same result is obtained with wheat in the fourth year
when the eilect of ley was significantly better than that of either
of the arable rotations.

Direct dunging or dung residues has shou'n certain differential
effects. In the first year when a direct application of dung is made
to the potato test crop, tie increase produccd by the farmyard
manure on the crops after ley is only modcrate, about I ton per
acre, but when the potatoes follow either lucerne or the arable
rotations the dung effact is large, over 2 tons per acre. It is possible
that the ley residues leave a better soil structule and the lucerne
more available nitrogen, In barley the only case of a significant
i-ncrease due to dung occurs after the arable rotation with hay,
the dung raising yield to about the value produced by the other
keatments. ln spite of the poor residual elfcct in barley the effect

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-70 pp 15

96

on potatoes oI dung applied two years previously is large after
lucerne and small after ley. On wheat in the fourth year, the
residual dung effect is small. Effective as dung has been on both
potato crops, it has not masked the liarger differences between the
after effects of ley rotation and arable rotation.

Over the whole four-year sequence oI test crops the position
may be examined by averaging the two potato crops and the two
Srarn crops.

Average o{ two potato crops, tons per acre; and two grain
crops, c$t. per acre :

Arable Arable
Lucerne with witiout

hay hay
10.9 I0.l 9.9
t3.2 lt.g u.4
16.3 12.6 r3'8
16.0 l5.l 15.2

Without dung ley produces considerably more potatoes than any
other treatment, luceme also gives more than either of the arable
rotations. The grain yields are also in favour of the ley and lucerne
treatments. \\rhen a tlressing of dung is given to the first potato
crop lucerne gives slightly more potatoes than ley, and both of
them much more tban the arable rotations. The grain lelds are
in the same order but show much smaller differences.

For both kinds of test crop the yields without dung after leys
are similar to those with duag after arable crops.

Protluctiuily of Treatfle Crcps
The lucerne plots are fit green and their production of dry

matter for each cut is calculated, Sample cuts are taken from the
ley plots immediately before the sheep are put in. A record is also
kept of the number of grazing days per plot per season. For each
of the years 194tu8 there are first, second and third year yields
of ley and luceme, The figures are as follots:

Three years Ley
Lucerne Hay DrymatteriD sample Sheep Grazing
tons p€r acre cuts, tons per acre days per acre

Potatoes without dung
,, with dung . .

Grain rvithout dung ..
,, rvith dung

Effect of
Mean residual

drrg
lst year 0.5O 0.07
2nd ,, 2.U 0.17
3rd ,, 3.16 O.27

Total 6'30 0.5r

Effect of Effect of
Mean residual Mean residual

d*g d*g
1.59 0.00 607 6
4.32 0-42 1700 ---3
6.15 0.77 t782 -2111.06 l.tg 4089 -18

I*y

.. ll.8

.. 12.6

.. 15.6

.. 15.7

In terms of dry matter pr season the leys gave very high yields,
ll tons of dry matter over the three years, and were much more
productive than the lucerne under the system of management
adopted. This was particularly noticeable in the first year. The
residual eflect of dung applied two years previously was small, the
leys proving more responsive than the luceme. The yield oI con-
tinuous lucerne as compared with lucerne alternating with an
arable rotation was examined in the years 194548 in which com-
parisons within blocks was possible.
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Lucerne Hay: tons per acre
Following Following
3 Years 3 Years
Lucerne ArableRotations
0.5I O,12lst year

2nd,,
3rd,,

Total

2.W
3.31
6.66

2.70
3.{t
6.59

Mear .. .. 17.4
Iacrease for duDg residues . . 0.1

Mea,n .. .. lt'6
Increase lor durg r€sidoca .. 0.6

,rth Y€ar (19a,r48)
WHEAT. Grdin cart. 0., er.

No duaS .. rS.0
Dung three yearr belore .. 13.9

12.3 ll.9
13.4 t4.I

.. r2.0 13.0.. l.l 2.2

II.O

12. I
12.3

tlean.. .. 13.0 12.2
Ilcredie l@ dulg rBiducs . . 0.0 O.2

WHEAT. Strda dd. f.r acr.
Nodotrg ,. 29.2 22.6
Dutrg tbree years bcdo!€ .. ,.0 n.A
MeaD .. .. 28.6 ,3.1
IDcreasc fc,r alolt rcsiduB .. -1.3 l.l

At this early st€e there was no indication that the previous
lucerne had any bad effect on the following luceme.

Mcan yiel<ls of

lst Year (l9ar-a8)
POTATOES. Tons ?., aoe

No dutrt
Dung to lrctatoes .. ..

TAEI.E 2
Alter 3 ylads cro,ppiag *iti

Atable Arable
with Eitlout Standard

Iry Luc€rne Hay fiay El:Ior

Mean . .
Increase for dunS ..

2ad Year (1942-,18)
BARLEY. Graii c$r. ?., er.

No dunS .. 17.4 m.6
Duo6 one year befoi€ . . 17.6 lg'8

20.2
-{.7

BARLEY. Srrau aa,t. pot ot.
No dung ..23.0 21.1
Dunt one y€ar belonr . . D.8 2A.2

Mealx.. .. 22,5 ,7
Increa-ie for dung t€ idoes .. {).2 0.9

3rd Year (104 8)
POTATOES. To*, fu, u.

No duog . . lr.2 9.0
Dung teo yea!3 belore .. Il.E 12.l

10.6 ro.0 +o.2212.7 12.0 J:o.22

r 1.6 ll.o +0.182.t 2.0 +0.26

tg-2 t7'8 +0.8410.6 tE.6 +0.E4

17.9 t8.2 +0.003.1 0.8 +1.17

19.6 22.O25.2 23.1

22.4 22.7
5.6 1.4

9.6 9.8 +0.46u.l r0.8 +0.46

10.3 10.3 +0.36t'5 I.0 +0.68

9.O 9.8 +r.2310.6 ll.8 +1.23

9.8 10.8 +0.07l'6 2.O + l.5O

10.9 2t.620.7 26.5

20.3 24.2
0.8 5-3

o
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Rothamsted Ley,Arabte Experiment, started 1948
After eleven years experience with the ley-arable exlrriment at

Woburn, two similar but more comprehensive experiments were
begun at Rothamsted in the autumn of 1948. The general purpose
is the same as at Woburn, but since permaneDt grass plots are
included it will be possible in the newer experiments to compare
the two systems, permanent grass plus permanent arable, with
alternating grass and arable. There are also a.dditiona.l cropping
and manurial treatments included, and the productivity oI the
$ass is estimated by the live weight increase and graziag days of
sbeep as well as by sampling methods. Moreover the Rothamsted
experiments provide a direct comparison of the output from per-
manent grass as compared with temporary grass under the same
conditions; and in one of the experiments a comparison of old
pe[niment $aas ]rith reseeded permanent grass. The experiments
have been started on two lielcls: (f) IlighIield, on part of the land
Iormerly occupied by the R.A.S.E. grazing experiment. This is a
very old grass field and the new experiment has been established
on the ploughed up turf. (2) Fosters Field, an old arable field.
The treatments whose output and effect on soit fertility are under
test are :

' 1. Three year ley, grazed by sheep.
2. Three year cut grass, as for tlrying.
3. Three year luceme, cut as for hay.
4. Three year arable rotation: one yeax seeds for hay,

potato€s, barley.
The three test crops which follow all the above preparatory

treatments are wheat in the lirst testing year, potatoes in the
second year, and barley in the third. Outside this sequence of
treatment crops and test crops there are permanent grass treat-
ments: on HigMield (f ) old grars and (2) reseeded gra-ss. On
Fosters reseeded grass only, All the permanent grass plots are
grazed with sheep for two years and hayed in the third year. The
ixperiment on Highfield is set out in &plot blocks and on Fosters
in-&plot blocks. Each plot in a block is assigned to one of the
rotation or permanent grass treatments. The method is illustrated
by the following scheme showing the cropping in the &plot blocks
oi Highfield commencing in 1949 and covering the first six-year
cycle.

Phase Phase
A B (l) (2\

1949 1952 L Lu
1950 1953 L Lu
l95I Lg L Lu

ts52 1949
1953 1950
l9 l95l
L: &year ley Lu : lucerne CG : cut grass
G : old permanent graas R: reseeded Brass
H: I year arable hay P: potatoes
B: b".ley W : wheat

Plots
(3) (4) (5) (6)
CGIIGR
CGPGR
CGBGR

w
P
B

www
PPP
BBB

GR
GR
GR

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-70 pp 18

s9

There are two blocks started in phase A (treatment crops
followed by test crops) ard a further two blocks in phase B which
is three years behind phase A and leads off with the three test
crolx before the treatment crops come into operation. In 1949
there will thus be four blocks started as above in each field; on
Fosters there is no treatment G, but otherwise the arrangements
are the same- In 1950 an exactly similar set oI four blocks will be
started in each Iield, and again in 1951, when all six stages of all the
rotations will be represented in duplicate. In 1952 measurement
fertility effects built up by the le5rs, lucerne and other treatment
crops, wi.ll begin in the test crops on two blocks in each field.

Manuring: Phosphate and potash in the form of a comlnund
fertiliser with 13% Ps05 and l3o/o KrO are applied in standard
amounts to all crolx according to their requirements in &essings
providing in all 2'4 crt. Pr0u and 2.4 c\at. Keo per acre over the
six-year cycle. The manurial tests are made on nitrogen fertiliser
and dung. The treatment crops are grown at two levels of nitro-
genous manuring appropriate to the crop6 (lucerne has no nitrogen):
and the effects of the crop grown at each level ol manuring is measur-
able at two nitrogen levels in the subsequent test crops. The
schedule lor nitrogen application is as follows :

N cwt. per acre
Crop Lowlevel Highlevel Applied

Wheat .. .. 0.3
Potatoes .. 0'5
Barley .. .. O.2
One year Hay .. 0.3
3 year Ley .. 0'15

Cut Grass .. 0.f5

Lucerne .. none

iffiilf'c^ ) o.rs

0.6 Spring top dressing.
1.0 In ridges.
0.4 In seedbed.
0.6 Early spring.
0'3 Every year-half in spring,

half in summer.
0.3 In early spring and after

Ist, 2nd, 3rd cut yearly.
none

Yearlv. In the first twou'o yeais in divided dressings
(hal{ in spring, half in
summer) ; in the third
(My) year in a single
early spring dressing.

Dung is also tested at l5 tons per acre in the ridges on potatoes
both il the arable rotation and as the test crop. It is applied on
quarter plots to show the combinations of dung and levels of nitroRen
(O v D) (N, v Nr). As the experiment develops the drersings of
dung are arranged on the sub-plots so as to bring out dilect,
cumulative and residual dung effects. The size of the main plots is
l/ll acre, the largest obtainable in ttre fiekis in question. When the
experiment is fully started there will be 72 of these ma.in plots on
Highlield and 60 on Fosters. Fertiliser effects of nitrogen and dung
are measured on a quarter plot basis, except that on permanent
and reseeded grass and three-year ley the grazing unit which tests the
direct effect of nitrogenous applications is a half-plot oI I/22
acre.
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Irrfuation Experiments, 194? atd. t94B
At the request of the Sugar Beet Research and Education

Committee of the Ministry of -Agdcultue, Rothamsted undertook
t_he control of experiments on the irrigation of sugar beet. Membersof the Physics and Chemistry departments and the Field
Experiments Section took part in tbe work.

A preliminary trial took place in 1947 on the farm of Mr. F. A,
S€crett at Milford, Surrey, and in the following year a much bigger
experiment was laid dowii on the same farm. ' "

_ - The main points in regard to these two trials are briefly recorded
below.

The soil at Hurst Farm, MilIord, is a deep sandy loam derived
from the Greensand formation. It is intensivety manured for
market garden crops with bulky and concentrated organic manures
and also fertilizers. Overhead irrigation with oscillating spray lines
is an essential part of the system and for certain crops a very dilute
solution of potassiuE nitrate (one part in at least 5000 parts of
water) is applied tbrough the spray lines instead of pure water.

In 1947 half an acre of sugar beet was drilled after a crop of
spinach had been harvested. This small area was used for a pilot
experiment whose main object was to gain experience oI the praCtical
problems arising in the carrying out of irrigation trials. Two plots
each of I acre received the irrigation, four others of ll acre were
dry controls. The provision of water was from the main com-
mercial installation, which was naturally being used simultaneously
in other parts of the farm, consequently strict control of water
supply, and more particularly of the supply of nutrients in the water
was difficult to achieve. The treatments were:-

1 and 2 No water.
3 Irrigation with water only.
4 Irrigation with water containing potassium nitrate.

5 and 6 No water, but dry potassium nitrate top dr*sed in
amount equivalent to 4.

The season was a particularly dry one especially in summer and
autumn. The period July-October inclusive gave only 3'3' rain,
whereas the average for 55 years in the neighbourhood was 10.1'.

On June 25th irrigation started. The crop at this time was a
practically perfect p1ant, 35,000 per acre, in full vigour of growth,
with the prornise of very heaqr yields. Seven irrigations in all at
approximately fortnightly intervals were given ending on September
Zlth, the total quantity of water applied being approximately I0'.
In the very drjr summer weather the efrects of tbe water were
visible three days after application, and sbowed in larger leaf area
and brighter and fresher leaf colours. The crop was lifted on
November 4th. The dry potassium dtrate application, and the
potassium nitrate applied in the irrigatioo water, estimated as
l2l lb. per acre, had effects so small that in a non-replicated trial
they might easily occur by chance, so they are omitted for the follow-
ing presentation of the main results.
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l0l
Dry plots
lt,2, s, 6l

Clean roots tons per acrc 20.10
Sugar per cent ... 19.D,
Sutar cwt. per acre n.3
Top6 tons per acre 9.21t
Plaats thousands pr acre 35.6
Noxious N 43

Irrigated Efiect of
plots (3,4) l0' water

D.76 +9.6616.71 
-2.5199.5 +22'214.,18 +5.2334.4 -t.242 -1

There was a first rate crop without irrigation, a result largely
due to the very h.igh plant population. In tbis dry summer the
efiect of watering was very striking indeed, it iucreased the yield oI
clean roots by 9.66 toDs to give the astonishing figure of nearly
30 tons per acre. It increased the avera6e root weight from 1.2i lb.
to 1.94Ib. The sugar content of the roots was depressed by watering
to the extent of 2.5 per cent. There was a gain of 22.2 cwt. sugar
per ilcre. Top on the dry plots were fairly heavy for such a
droughty year, but they were increased by a further 5.2 tons by
irrigatiou. Plant number and noxious nitrogen were practically
unafiected.

In 19,18 a much larger experiment was put down otr the same
Iarm, in this case on a field that had recently been taken over
and trever before irrigated. It had not received the long course of
heavy manuring practised on the older land. A special pumping
plant was installed completely under the control of the experimenter,
the water being supplied from a nearby lake- Arrangements were
made for the intrcduction of dilute potassium oitrate solution into
the water system as required. A full time supervisor, Mr. A. B.
Venables, was seconded from the British Sugar Corporation to take
charge of the experiment. A meteorological station was set up on
the plots and a small laboratory Ior nitrate determinations.

The design o{ the experiment was a six by slx Latin Square with
plots of * acre to carry the irrigation treatments. Within each
main plot 4 $b-plots tested supplementary fertilizer treatments
$rith nitrogen and potash. The basal treatment was 30 tons of
dung per acre applied in January 1948, and 7 cwt. LC.I. compouad
fertilizer No. I containing 12o/o N; l2lo P2O5; and 15% K2O with
3 cwt. agricultural salt 1rr acre in addition.

The treatments were:-
Main plots:-
I ald 2 No water

3 Full irrigation at Mr. Secret!'s discretion
4 As 3 with dissolved potassium nitrate
5 Restdcted irrigation based on climatic data
6 As 5 with dissolved potassium nitrate

Sub-plots:-
a. No additional fertilizem
b. 2 qrt. of nitrate of soda per acre
c. I cwt. of muriate of potash (6o0/o) per acre, d. Nitrate of soda + mudate of potash

The crop wils sown very early (March 23rd) and singled (April
Zth) and almost immediately sufiered from a bad attack oI
fleabeetle which was energetically combated by dusting, but none
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the le-ss some plants were lost. The result was that the plant
population was 29.2 thousand instead of the 35,000 attained in the
previous year. Subsequently the crop grew exceedingly well
without any checks apart from a seyere infestation with virus
yellows. The crop was lifted on October l8th while still in full
growth.

The season was in geat coltrast to the previous year as tie
Iollowing figures show:-

Rainfall inches Excess
19,18 1947 in 1948
2.6 1.67 0.39May

June
Julv

2.14 0.46
1.06 -o.100.52 3.50

Total 9.64 5.39 4.
The sumuer of 1948 was dull arrd distinctly wetter than 1947,

particularly in August. There was a dry period in early May at the
time of the beetle attack and a second dry period in July.'

Full irrigation with and without salts was given on 6 occasions,
starting on 12th May and fiaishing on SOth July to proyide a total
ot 4.7" water. Restricted irrigation with and without salts was
applied ou three occasions May Dnd, July 18th, atrd August 4th
to a total of 2.6'. The salts included in the irrigation water were
estimated at 83 lb. pr acre for the fult and 59 lb. Ior the restricted
irrigation. These salts at most supplied ll per cent of the uitrogen
and 33 per cent of the potash given in the basa.l dressing. The
effects of irrigation were seldom apparent in the cool, dull summer
of 1948, only on one occasion during a hot spell in July it was
noted that the dry plots were wilting while the trigated plots were
not. The results were as follows:-

Srgar Beet, Milfotd, 1948
Effect of irrigation; dissolved salts, fertilizer N ard K

(Each set of comparisons averaged over all other factors)

2.@
0.96
4.02August

Cree @t tons/.or .
Suad D€rt ota8e
Susd, crt./ace
ToD6, tols/acn
Plat No., thoa./a@.

22.O
lt.0
65.5
30.6
29.0

-0.,-o.l
-{.8
-o.,
-o.6

,r.6 r1.9 +0.19
14.? 14.? +0.$7
66.? 64.1 t0.?63l.a 31.8 +0.!6,9.5 r9.' +0.rt

+0.52
+1.07

+0'!al

-{.4 0., +0.!E
-0.3 0., +0.0e-r.t 1.r +0.0E1.1 o.t *0.r1-4.t 0., +0.rt

There were 22 tons of clean roots per acre with the rather low
sugar content of 14.8 per cent, giving a mean sugar production per
acre of 65.4 cs't. The plant number at 29 thousands was high,
but considerably lower than the perfect plant secured in the year
before. The tops at 3l tons were the heaviest ever recorded in any
Rothamsted experiment, The precision was satisfactory.

Watering did practically nothing so far as yield of sugar per acre
was concerned under the conditions prevailing in 1948. It tended to
reduce the sugar content of the roots and increased the top yield
significantly. Pl,ant number was unaffected. The effect of added

2.4 4.1 No.
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salts \ir'as small and non-significant, Fertilizer nitrate of soda re-
duced the yield of roots and the percentage of sugar signi{icantly.
As usual nitrogen increased the top yield. Muriate of potash gave
a slight increase in sugar l)er acre. There were no significant inter-
actions between any of the treatments.

So far as they have gone these preliminary trials have
encountered extreme conditions under which water either gave an
enormous increase or practically no increase at all. They have been
valuable in enabling a start to be made on working out the technique
of such trials. Two further experimeats are being laid down for
1949.
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