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LEY.ARABLI, ROTATION EXPERIMENT, WOBIJRN,
STACKYARD FIELD, SERIES D, 1938 ONWARDS

The purpose of this experiment is to test the effects on soil fertility of a
three-year grazed ley, three years of lucerne (cut) and an arable rotation
which includes a one-year ley, in comparison with a rotation without leys.
The efects of these crop sequences are measured by the yields of two
successive test-crops, a root crop and a cereal. Each rotation therefore has
five courses.

There are five series, one for each phase ol the cycle; each course of
each rotation is present eyery year. Each series has eight whole plots (in
one randomised block). Four of these carry the same rotation repeatedly
('continuous'). The other four carry the four rotations in succession
('altemating'), two in the order: ley, arable with hay, luceme, arable with
roots; two in the order: ley, arable with roots, lucerne, arable with hay.
The four 'altemating' plots in a series are always one in each rotation.

Throughout the whole period each whole plot has been divided into
two subplots of 0.0413 acres, one of which receives 15 tons FYM per
acre before the flrst test-crop, applied cumulatively. The FYM has been
ploughed in except 1948-55 (see below). Details ofthe further splitting of
plots will be found in the full account below.

The production of the grazed ley is measured in terms of sheep grazing
days. Sample cuts are also rnade when each period of grazing begins and
(since 1946) rvhen the sheep are removed.

Major change 1938-67

(For details see pp. 106-l 14)

When the experiment started the rotations compared were as follows:

Treatment crops Test crcps

5th

Badey
Barley
Barley
Barley

. utrdersown.

The luceme and grazed Ieys were so*n ill the open in the spring.

With minor changes, those continued until 1955. In 1955 the treatment-
crop potatoes in plots in continuous arable (roots) and continuous arable
(hay) yielded badly. This was the eighth crop ofpotatoes grown in a period
of 19 years and soil samples indicated serious infestations of potato cyst-
nematode (Heterodera rostochiensis) with moderate infestations on many
other plots.

All the rotations were then changed; sugar beet took the place of
105

Rotation Year: lst 2nd 3rd 4th

l-Ey LEy, glazed Ley, gazed l-Ey, grdzed Potatoes

Luceme Lucertre, cut Luceme, cut Luceme, cut Potatoes

Amble (hay) Potatoes Winter wheat* one-year hay Potatoes

Arable (roots) Potatoes Winter *heat Kale Potatoes
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WOBURN LEY-ARABLE

potatoes as the first test-$op and the treatment-crops of the two arable
rotations were altered to minimise the incidence of all soil-borne pathogens
likely to affect the test-crops.

The new scheme was as follows:

Treatment crops
Year: lst 2nd 3rd

Rotation
Izy I-Ey, grnzfd l-ey, gazed l;sry, $azed
Luceme Luceme, cut Luceme, cut Luceme, cut
Arable (hay) Potato€s Wioter rye. Ooe-year hay
Arable (roots) Potato€s Widter rye Carrots

Potatoes

Whcat

Barley
Kale
Ooe-year hay
L€y; first year

s€cond and third years
Lucemel6rsl year

- Sulphate of ammonia

- Sulpha& of arnmonia

- Sulphate ofammonia
0'5 0.72 Sulphate of ammonia,

superphosphate and

_ sulphate of potash

0 5 0.72 Sulphate of ammooia,
superphosphate aEd

_ sulphate of potash

Test crops

4th 5th

Sugar beet Barley
Sugar beet Barley
Sugar beet Barley
Sugar beet Barley

Howapplid

In furro',i

Totrdressed
rn spnng
In the seedbed
In the s€€dbed
Inspring
ID the seedbed

I! the seedbed

. UndersowD,

At about the same time it became clear that the rates of application of
phosphate and potash on half-plots not receiving FYM were inadequate
and rates were increased. The total amounts of P and K applied per five-
year cycle were still, however, the same for all rotations.

In 1962 the dressings of P and K were again revised; each crop was
manured according to its esiimated needs and the totals varied between
the four rotations. In addition, 'corrective' dressings ofpotash were applied
before the fust test-crop from 1962 onwards. The rates were based on soil
analysis and varied with cropping history and with the presence or absence
of FYM. Half-plots not receiving FYM received additional muriate of
potash containing the same amount of K as the FYM. From 1957 luceme
on some plots (in the second and third year) was se€n to be damaged by
stem eelworm (Ditylenchus dipsaci). Tltis damage continued in spite of
fumigation of the soil of certain plots, and of the use of fumigated seed
and from 1964 sainfoin was introduced in place of lucerne.

Period 1938-48

TABLE 49

Fertilisers aad methods of application

cwt nulri€ot
N P.Or KrO Material

0.6 0.5 0.72 Sulphale ofammoDia,
superphosphate add
sulph.te of Dotash0.2 - Sulphate of ammonia

o.z
0.6
o.2
0.2

sccoad and third years -

106

After 1943 sulphate of potash was replaced by the muriate.
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WOBURN LEY-ARABLE

All rotations had equal total amounts of phosphate (1.0 cwt PrOu) and
potash (1.44 cwt KrO) per acre every five years, but nitrogen was given
according to the needs of the crop. Both treatment- and test-crop potatoes
received the same fertiliser treatment but test-crop potatoes tested
0 v. 15 tons FYM which was ploughed in until 1947, thereafter it was
placed in the furrows before planting.

In 1945 sugar beet replaced kale as the third treatment-crop of the arable
(roots) rotation and received the same fertiliser as the kale had previously
until 1947. Since then 4 cwt nitrate of soda was applied instead of 3 cwt
sulphate of ammonia. The tops ofthe sugar beet were carted off- The seeds
mixture for the one-year hay changed during the period as follows 0b):

194&,4. l s 194647
ItaliaD ryegass 16 24 24
Broad red clover 10 12
Mo gomery rcd clovs 12

In 1948 the undersown seeds hay failed and rvas replaced by a sprirg
sowing of 22 lb Italian ryegrass and 27 lb Trifolium.

The seeds mixture for the three-year ley changed during the period
(fable 50).

TABLE 5I}

Seeds mixtwe for the three-yeqr ley

1938-40 1941-47

Italian ryegrass
PereDnial ryegrass S.2 3 l;
Cocksfoot 5.143 8
Late-floweritrg red clover 5,123 4
White clover 5.100
Wild white clover 2

t0
14
8
4

Period 1949-55

In 1949 sulphate of ammonia was replaccd by 'Nitro-Chalk' 15.5f N for
the following crops (with new rates of application): barley 0.23 cwt N;
rye 0.45 cwt N; ley second and thfud years 0.15 cwt N; hay first cut
0.30 cwt N, and second cut 0'15 cwt N as 'Nitro-Chalk'.

From 1950 the basal dressing for the block carrying the first treatment-
crops was applied as compound granular fertiliser (0:13:13) to supply
0.6 cwt PrO6 and 0.6 cwt KrO and the block with test-crop potatoes
received a basal dressing of granular compound fertiliser (7:7:10{) to
supply 0.56 cwt N, 0.56 cwt PrOu, 0.84 cwt KaO. Plots of the test-crop
potatoes were split in 1955 into eighths to test sulphate of ammonia and
muriate of potash additional to the basal application (0 v,0.56 cwt N) x
(0 v. 0.84 cwt KrO), these amounts being equal to the N and K applied as
the basal dressing. Also in 1956 the s€cond test-crop barley received an
equalising dressing of 0'84 cvt KrO on subplots that had not retrived

107
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extra potash for the previous test potatoes. The subplots were not harvested
separately in the barley.

From 1951 the first year of the three-year ley received 0'2 cwt N as
'Nitro-Chalk' (15'5% N) in place of sulphate of ammonia. In 1954 and
1955 the one-year hay plots were split after the first cut to test 0'15 v.
0.30 cwt N as 'Nitro-Chalk'. The 'Nitro-Chalk' dressing in the spring to
the three-year ley was repeated at the same rates in mid-season.

The seeds mixture for the one-year hay changed during the period as
follows (lb):

1949 50 1951 55 1956

Perennial ryegass S.24 24 27 19
I-ate-flowering red clover 12 12 9
Alsike clover 3 3 2

The see<is mixture for the three-year ley during the period remained the
same except for a change from S23 to S24 perennial ryegrass for 1955 and
1956 (rb):

Pereinial ryegass S.23 21
Cocksfoot 5.143 12
Late-flowedtrg Montgomery red clover 6
White clover S.1m 3

Period 1956-61

From 1956 sugar beet replaced potatoes as the first test-crop, and carrots
replaced sugar beet as the third course of the arable (roots) rotation. The
tops of both crops were carted ofl. The system of manuring was revised
in 1956, but the total phosphate (1.72 cwt PrOs) and potash (3.9 c*t KrO)
were still the same for all rotations. Nitrogen was still given according to
the needs of the crops to give the following scheme of manuring (Table 5l).

Carrots failed in 1957 and tumips were sown instead. The sulphate of
ammonia and muriate of potash applied to carrots, one-year hay, and the
second- and third-year leys were replaced in 1958 by the compound
(16:0:16)tosupply0.6cwt N and 0.6 cwt K,O applied in the seedbed for
carrots, and in the spring for the one-year hay. For the ley the total
dressing was 0.54 cwt N and 0.54 cwt KrO applied in three equal appli-
cations or two according to growing conditions during the season.

Because of stem eelworm (Ditylenchus dipsaci) tbe third-year lucerne
('alternating' only) was ploughed up and fallowed in 1958, at the end of
the second year, and in 1959 all ptots of the third-year lucerne were
similarly treated. From autumn 1960 to autumn 1962 certain areas were
treated with yarious materials in an efort to control the eelworm (Table
52). Fumigated seed was sown from 1959. In spite of these precautions
the lucerne continued to yield poorly.

'Nitro-Chalk' 15.5 f N was replaced by a 20.5 [ N grade in 1959 and
by a 2\ \ grade h 1960 ; the rates of application were adjusted accordingly.
The (7:7:10|) mixture for potatoes was replaced by (12:12: l8). The sugar
beet compound (12:12: 15) was replaced by a mixture of (13|: 13|: l3!) and
I08
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TABLE 51

Fertilisers and methods of application
19sfr1

cwt nutrients
Tteatment N P,O6 K'O

Crop

Potatoes
Rye
Carrots

Ooe-year hay

IJy: first year

second and third
years

Luceme: filst year
s€cond and thid

Date applied

October 1960

November 1960
(before ploughitrg)
March 1961
(before ploughitrg)
October 1961
(between fust and
second ploughings)
October 1962
(between first and
second ploughiDgs)

10 1.0 1.5
0.6
048 - 0-6

0.48 0.6

0.22 -0.61 1.0

Crop
followitg

application

Third-year
lucertre
Sugar b€et

First-year
luceme
FiIst-year
luceme

Material

(7:7:t0I)
'Nitro-Chalk'
Sulphate of ammonia,
mu ate of potash
Sulphate ofammonia,
rnuriate of potash
'Nitro-Chalk'
'Nitro-Chalk' and
(0:13: l3)

'Nitro-Chalk', muriate
of potash
(0: l3:13)
Mudate of potash

Hotr applied

On the flat
Top dressed
In seedbed

In spring

For aftefinath
In seedbed and
(N only) during
the season
In spring and
during the season
In seedbed
Top dressed

In seedbed

1.0

0'6' - 0.55

1.0 1-0
0.55

years

First lest crop: Sugar beet

O'72 O'72 o'9 (12,12,15)

A test on eighth plots of (O v. 0.72 cw1 i9 x (O v. 0'9 cwt K'O) as 'Nitro-Chalk'
and muriate of potash in seed bed.

Second test crop: Barley

0.6 'Nitro-Chalk' In seedbed

An applicatioD of 0 9 cwt K,o as muriate of potash was made after ploughing on
lhosoaighth plots which did not receive tes! polash for lhe sugar beet.

*Total. In 1956 in two drcssitrgs, thereafter in three dressings.

TABLE 52

Famigants, etc., applied for conlral o/ Ditylenchus dipsaci

First-year All plots
Iuceme

Material Rate of
application

Thionazin 8lb a.i.
(5 % ganules)
Metham sodium 109 gallotrs
(utrdiluted)
Metham sodium 109 gallons
(undiluted)
'D-D', 8001b
(iniected)

'D-D' 600lb
(injected)

Areas
trcated

Half plots (Dot
mndomised)
Half plots (not
mndomised)*
AII plots

AII plots

+ Plots in luceme 1958-60, 'altenuti[g' only.

(12:12:18) in 1959. Cereals were combine harvested for the first tirne in
1959. The hay and carrot crops on the 'alternating' plots were accidentally
interchanged in 1960.

109
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Penod 196247

In 1962 the standard applications to the treatment-crops were revised to
give the following scheme (Tables 53 and 54):

TABLE 53

Ferrilisers old methods of applicatiotr

196243

cwt nutricdts

N PlOs K'O MaterialTr@tment croPs

Potatoes

Rye

Carots

Oo€-yea. hay

IJy: fi$t year 1 5

0.6

How applied

l 0 0.9 1.8 'Nitro-Chalk' super- Otr the flat
phosphate aad muriate
of potash

0 6 (0:14:28)
'Nitro-Chalk'

l8'Nitrc.Chalk'super-
phosphate and muriate
of potash

1.2'Nitlo-Chalk'(0:14:28)
0 6 'Nitro-Chalk' and

muriate of potash
1'0 Superphosphate atrd

muriate of potash
'Nitro-Chalk'

0.3
0.6
0.6 0.6

0.6 0.6
0.22 -

In seedbed
In spddg
In se€dbed

In spring
After first cut

In seedbed

In three equal
dressings
In tbree equal
dressings
I[ seedH

In spriog

In seedbed

second and third 0'55 - 0.55years (Total per year)
Luceme: first year 15 l0

secofld ard third 1.5
years

(16:0:1O

Superphosphate and
muriate of potash
Muriate of potash

Firtt test crop: sugar beel

(a) without FYM 0-9 3.0r 'Nitrc.Chalk', super- Plough furrow
(b) with FYM 0.3 0.9 phosphate ard muriate Ploush furow

of potash
* ploughed in.

A test oo eighth plots of (0.72 v. 1.44 clat 19 x (0 v. 0.9 cwt K,O) as 'Nitrc.Chalk,
aod muriate o-f potash,-applied io seedM, Als-o a test oo sixteetrth plots of 0 v. 50 lb Mg
as sulphate of magnesia applied afaer ploughing.

Second test crop: ba cY

06 0'3 'Nitro-Chalk' and
supqphosphate

Also 0.9 cwt KrO as muriate of potash applied in spring to subplots that did oot
receive test K to sugar tleet.

The dressings to the one-year hay were revised in 1963 to supply
1.0 cwt N as 'Nitro-Chalk', and 0.6 cwt P2O5, 1.2 cwt KrO as (0:14:28)
in spring and 0.6 cwt N,0.6 cwt KrO as (16:0:16) after the first cut. The
dressing to the three-year ley was altered so that therewas an initial dressing
in the first year in the seedbed of 0.3 cwt N as 'Nitro-Chalk' followed by
early and late summer applications of (16:0:16) each of 0.3 cwt N and
0.3 cwt K.O. The second and third years of the ley had, in each year, three
equal dressings of (16:0:lQ each of 0.3 cwt N, and 0.3 cwt KrO. The
ll0
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dressing to lucerne was also altered to supply 0.5 cwt N as 'Nitro-Chalk',
1.5 cwt PrO5 as superphosphate and 1.0 cwt KzO as muriate of potash in
the f,rst year. In the second and third years the dressing was 0.5 cwt PrO,
as superphosphate and 1.5 cwt KrO as muriate of potash.

By 1962 it was found that little K was available in the soils and corrective
K dressings were applied year by year, based on soil analysis. Details are
given in Table 54 (page l l l).

These dressings were applied at the end of the third treatment year
before sugar beet, the first applications being made in autumn 1961. The
dressing was split, half b€ing applied in the autumn before ploughing and
the other half broadcast on the plough furrow in February. The exceptions
were in 1963 when the dressing was split, two-thirds in autumn and one-
third in spring, and 1965 when the dressing of 1.0 cwt for the plot after
AL with FYM was applied all before ploughing. Half-plots of the test-
crop not receiying FYM received a dressing of muriate of potash equiva-
lent to that in the FYM applied before ploughing.

Muriate of potash application equivalent to FYM:

(cwt KrO)
1962 1963 1964 t965 1966 1967

(Until 1966 the manure was made by pigs, from 1967 bv bullocks.)
In 1964 further revisions were made in the basal and test fertiliser

dressings as follows (Table 55):

Trealment crops

TABLE 55

Fertilisers and methods of application
1964

cwt nutrients
N P,Os KrO Material How applied

1.94.83.33.',l3.23.0

o.s 0.8 iLlS-f#
(Iotal per year)

secondaadthird 1.2 1.2 (16:0:10
years (fotal per year)

Ley: fiIst year 04 1.5 1.0 'Nitro-Chalk' super- In seedbed
phosphate and muriate

Two equal dres-
singsi early and
late summer
Three equal
dressings:
spring, early and
late summer

First test crop, sugar beet
(019 v. ,a4 c\*t_ P,O5) as slperphosphate to plough fufow (to sixteenth plots)
0.9 cwt KlO (basal) to plough furrow
(0 v. 0 9 c\r,1 K,O) (to eighrb plots) in seedbed, all as mu"iate of Dorash.
50 lb Mg (basal) as sulphate of magresia in se€dbed.
(a) Ley aDd luceme rotatioDs: 1.05 v. l.4O cwt N
(b) Arabie (hay) and arable (roots) rotatioDs: 1.40 v. 1.75 cwt N as .Nitro-Chalk' to

seedbed (to eighth plots).

From 1964 the lucerne crop was changed to sainfoin because of the
failure to control stem eelwotm (Ditylenchw dipsaci). The basal and test
tt2
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fertiliser dressings to the sugar beet test-crop were revised in 1965 to give
the following scheme (Table 56):

TABLE 56

Fertilisers and methods of application for sugar beet 196547

Basal: 2-0 cw1 PrOi as superphosphate, applied half to plough furrov, half i! seedbed
(1965: 0.9 cwt to plough furrow, l'l cfi in s€edbed); 0.9c*t KrO as muriate of
pohsh ro plough furrow; aod 50 lb Mg as sulphate of maSDesia (MgSO..7H!O)
applied io seedbed.

Test of (0 v. 0 9 cwt KtO) applied as muriale of potash i! s€edH otr sixteeDrh plots

Test of N applied as 'Nitro-Chalk' itr seedH:
(a) Ley and lucemc rotatioos: 0 35 v. 0'70 v. 1 05 v. l',10 cwt N.
(b) Arable (roots) rotation: 0 70 v. 1 05 v. l',l0 v. 1 75 ci4t N.
(c) Aiable Oay) rotation: l'05 v. l,lO v. 1 75 v.2.10cfi N.

The third-year lucerne failed and was replaced by sainfoin and received
a fertiliser dressing of 0.5 cwt N as 'Nitro-Chalk', 0.5 cwt PrO, as super-
phosphate and l'5 cwt KrO as muriate ofpotash. The second-year sainfoin
failed and was re-sown with a dressing of (0:20:20) to supply 0'5 cwt PrO5
and 0'5 cwt KrO.

In 1966 the third-year sainfoin failed and was resown with a fertiliser
application of (0:20:20) to supply 0.5 cwt PrOu and 0.5 cwt KrO. No spring
dressing of N and K was applied. The rye crop in 1967 failed and was
replac€d by spring \vheat which received 0'6 cwt N as 'Nitro-Chalk'. The
K test on sugar beet was discontinued and the N test was on quarter plots
instead of eighth plots.

Husbandry

During the whole period of the experiment the varieties and crops grown
have changed as shown in Table 57, (p. I14.)

rirning. Commencing in 1947 an application of ground chalk was made
before every barley crop, The rate of dressing was approximately 15 cwt
calcium carbonate. In 1953 the rate was increased to l0 cwt calcium oxide,
i.e. about 19 cwt ground chalk. In 1958 the dressing was further increased
to the maximum amount of ground chalk delivered by one passage of the
manure drill. This was about 23 cwt. In spite of rotational liming before
barley, plots carrying the second-year treatment crops ofthe arable (roots)
and arable (hay) rotations in 1957 were found to be slightly acid and 12 cwt
chalk was applied to these plots in 1958. The dressing to barley in 1959 and
1960 was 18 cwt chalk. In 1960 chalk was applied also to the carrots and
one-year hay at 20 cwt. From 196l to 1967 the application to barley was
,10 cwt chalk (1966: 35 cwt). In 1966 sugar beet also received 35 cwt chalk.

H_D.E. ll3
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Year Luccrnc Sugar
bcct

1938-44 Prov€nce

1945 Grimm Kteio E
1945 ArgeDtine
1 7 Prov€ncc
1948
1949
1950-55 Du Puits
1956
1957
195&-61
t962-63
l!964-65 Sainfoinl

1966

1967

TABLE 57

Yadelies otd crops grown

Barley

Plumage
Archer

Herrta

Proctor
Maris
Badser

Potatoes Rye Canots Wheat Kale

Ma.i6lic

Maris
Pip.r

R.S. T.It

s.H.M.' -King U

,, ,.s.L
,, Tumipst -,, ,.s.I.

,, Autu0o -King

Spriry
Wh€atl

J.S.I. : James's Scarlet lorerDediate
T.H. : Thousaad Head

. Winter wheat failed ard was replaced by spring wheat (Arle).

t The carots failed and turtrips (Imperial GreeD Globe) were sowfl instead.

I Sainfoin introduced as 6$r-year ueatsrclt<rop (Common sainfoin).

0 The rye failed b€cause of bird damagc and *as replaced by sp.iog wheat (Kloka).
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