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THE CLASSICAL EXPERIMENTS

Between 1843 and 1856 Lawes and Gilben laid down nine classical experi-
ments at Rothamsted, eight of them carrying the same crop year after
year. Their influence is evident too in the treatments tested in the Woburn
experiments started in 1877. Although there were many small changes,

many of the plots received the same annual treatment for many years;

some still do. One experiment (on continuous beans, in Geescroft Field)
was abandoned in 1878, and the Woburn experiments in 1961.

The remaining experiments continue testing either the cumulative effects

of manuring treatments applied for a century or more, or the residual
effects of treatments now discontinued.

The main object ofthe Classical Experiments was to measure the effects

on the yield of the crops of inorganic compounds containing nitrogen,
phosphorus, potassium, sodium and magnesium, elements known to occur
in considerable amounts in crops and farmyard manure, but whose

separate action as plant foods had not be€n systematically studied before.
The materials used were sulphate of ammonia and nitrate of soda (as

alternative sources of nitrogen), superphosphate (at first made by miing
bones and sulphuric acid for each experiment) and the sulphates of potash,
soda and magnesia. Farmyard manure (FYM) was included for com-
parison in most of the experiments. The inorganic fertilisers were tested
alone and in various combinations. Nitrogen was often applied at two or
more rates.

Treatmcnts

Nitrogea. Sulphate of ammonia was used on Broadbalk and Barnfield
in 18,14 and 1845, the unit dressing being I cwt (about 26 lb N). From
1846 'ammoniacal salts', i.e. a mixture of equal weights of the com-
mercially available sutphate and muriate were used. The unit dressing rvas
again 1 cwt. From 1847 the unit was 100 lb.

In this period the sulphate of ammonia was estimated to contain 23%
ammonia and the muriate 27i1 so th^1 the mixed salts contained 25%
ammonia or 20'5/" N. (These estimates assume that the commercial salts
contained about l0% impurity.)

It seems likely that the salts used in the later part of the nineteenth
century were purer and the unit dressing probably provided about
22.5 lb N.

From l9l7 the unit dressing was 100 lb sulphate of ammonia (20'5 lb N.)
From 1938 all dressings have been based on a unit of 23 lb N.

Phosphoroas. Initially the 100 lb unit was used; the rate of application
was 200lb bone ash plus 150 lb sulphuric acid. When factory-made super-
phosphate was first used in 1888 the weight was adjusted in order to keep

the amount ofP applied effectively constant. Subsequent adjustments have
been made when the composition of the superphosphate changed. The
rate of application now is 65 lb PrOu or about 30 tb P.
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THE CLASSICAL EXPERIMENTS

Potassitm, sodiam, The unit dressing for each elemeot
has been 100 tb of the sulphate; no adjustments have been made for
changes in composition.

The standard rates of application are:

K: 98 lb Kp (about 80lb K) on Broadbalk and Hoos Barley
245 lb KsO (about 2m lb K) on Barnfield and Park Grass

Mg: about l0 lb Mg
Na: about 14 lb Na.

Farmyanl nuwre. Farmyatd manure was the standard source of
applied plant nutrients when l-awes and Gilbert were starting the Classical
Experiments and in most ofthem they compared it with the 'new' inorganic
fertilisers. Their standard dressing was 14 tons/acre; many analyses
showed that this supplied on average about 200 lb total N.

l0
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BROADBALK WIIEAT EXPERIMENT, STARTED 1843

(See diagam, Page 12)

The fust experimental crop was harvested in l8.l4 after a rotation of
turnips (FYM) 1839, barley 18,10, peas 1841, wheat 1842, oats 1843, the
last four crops being entirely unmanured. Wheat has been grown experi-
mentally every year since. The manurial treatments varied somewhat in
the ftst eight years, but the experiment attained its permanent form in
1852. Most of the treatments, with certain exceptions noted below, have

been applied to their respective plots year after year since that date.

TABLE 1

Moures applied utttually since 1852

(Unless otherwise stated)

11) Synbols, fiatcrials and ratet oI applicatio
Nl, N2, N3 Sulphate of ammonia to supply 43, 86, 129 lb N (1)
Nlr, N2' Nitrate of soda to supply 43, E6lb N
P 361lb supe.phospbate-(i8% P|OJ to supPly 65 lb PrO! (abour

30 lb P) (2)
K 2mlb sulphate of potash (49% KrO) supplviDg 98lb KrO

(about 80 lb K) (3)
Na too lb sulphate oi io&, supplying about 14 lb Na (except plot

12, which Sets 5l lb Na) (3)
Mg l00lb sulpharc of magnesia supplving about lolb Mg (except

plot 14, which gpB 28 lb Mg) (3)
FYM 14 toDs farmtard matrurc
R Castor meal to supply 86lb N (4)

(ii\ Treatmerrtt

Plot No.
2A
28
3
5
6
7
8
9

l0
ll
t2
l3
t4
l5
l6
17 even years:

odd years:
l8 even years:

odd years:
l9
20

FYM (5)
FYM
Notrc (O
PKNaMS
NIPKNaMg
N2PKNaMg
N3PKNaMS
Nl'PKNaMs (1)
N2
N2P
N2PN.
N2PK
N2PMs
N2PKNaMS (8)
N2'PKNaMg (9)
PKNaMg
N2
N2
PKNaMg
R (10)
N2KNaMs (11)

( I ) Until 1915 those Dlots which now r€ccive sulpbal€ of ammoDia had a mixture of
€oual Darts of ammoniirm sulphate aDd ammooium cbloride (the 'amDodum salts'
of rhe'early repors). The amrironium salts werc all appli€d in autumtr till 187;.thcy
were all aioleil in soritrc till 1883. ln 1884 the DreseDt method was adopted of giving
2l lb N in'ihe autu;o a;d the rcmahder in spriog. Except for the sbort period 1873-
lE7? plot t5 has always had the whote of its ni&ogetr in autum.o.

1l
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BROADBALK

(2) Utrtil 1888 superphosphate was made from 2m lb bone ash and l50lb sllphurig
acid: from 1889 it was made from minerat phosphate on the farm. (From 1898 to 1902
basic slag was used in place of supcrphosphate.)

(3) Until 1858 the d.esshg of sulphate of potash provid€d 147 lb KrO atrd the sulphate
of ;oda was applied at 200 lb. On plot I 2 the sulphate of soda was 550 lb and on plot 14
lhe sulphate of magEesia was 420 lb.

(4) Castor mealsiDce 1941, Dreviously rape cake. From 1852 to 1878 the quanlity of
raoe cake *as 500lb iD addition to suDerphosphate aDd ammonium salts. ln 1879 the
minerals were stopped and the rape cake dressing was iDc.eased to provide abour 86 lb N.

(5) In 1885 this new plot was made from two half plols, the one on the south had
been uomanured since lE44 and the other half of the original plot I which had K Na Mg
l84A3 and was fallowed in 1884.

(6) Orieinally two half plots (3 and 4). 3 unmanured; 4 NP 18.1.+-51 unmanured
since 1852.

(7) Since 18 . From 1852 to 1893 plot 9 lested nitrate of soda at various mtes
(usuaUy 550lb supplying 86 lb N) with or wilhout miDerals.

(8) Since 1873. 1852-72:. l5a N2PKNaMs; l5b N(I-5)PKNaMJ + 500 lb rap€
cake. sioce 1878 at, manues are applied in autuno. N(! 5) indicates ammonium
sulphate at 64 lb N.

(9) Since 1884. Plot 16 r€ceived 8001b ammodum salts (about l72lbN) with
'minerals'as on plot 5 from 1852 to 1864. It was then unmanured flom 1865 to 1883.

(lO) Since t904. l9a 1852-1878 N(I 5)P + 500 lb mpe cake; 1879-1904 lape cake;
l9b t852-1904 pan uomanurcd, part headland.

(ll) Started 1906 as a new plot.

FYM is ploughed down in autumn. P, K, Na, Mg atrd castor meal are applied to the
s€edbed i[ autumn. (No manures to fallow.)

For more detailed description of the matedals used and minot chaoges in procedure
see references l-4.

Size of plots. The original plots consisted of two 'lands' each of f, acre
side by side. (Plots 24. and 28 are of full length but a little narrower than
the rest.) In the early days these lands sometimes carried different, but
related, treatments. In 1894 the pairs of lands were thrown together to
give I acre plots each carrying a single treatment. It was these plots that
were divided transyersely into five equal sections in 1926.

Cropping end fallowing. Weeds have always been a serious problem on
Broadbalk and in spite of regular hand-weeding and inter-row cultiYation
occasional bare fallows had to be given. The following is a record of the
bare fallows and other cleaning operations.

1889

r 890

1904

lm5

The wheat on one half of the field was drilled in wide rows
(about 16 inches) to allow thorough inter-row cultivation.
Same operation on the other half.
Each plot was divided into halves longitudinally, one half
being cropped and the other bare fallowed.
Strips reversed.

1906-25 Crop grown on 12 inches rows to enable inter-row culti-
vation to be carried out.
All the western half bare fallowed.
All the eastern half fallowed.
The field was divided transyersely into five sections.

1927 Sections I, Il, III bare fallowed.
1929 Sections IlI, ry, V, bare fallowed.

l9l4
1915

1926

1926,

1928,

l3
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BROADBALK

The whole field was cropped in 1930 and in 1931 a regular system of
fallowing was started: the five sections being fallowed in tum, each section
carrying four wheat crops in succession and then having one year's rest
with sufficient summer cultivation to keep down weeds.

In I 956 Section I was divided into two : IA nearest the farm was assigned
to continuous wheat with weedkillers as required but no fallows, while IB
continued in the five-year cycle. In 1963 Section V was divided into two:
VB assigned to continuous wheat with weedkillers while YA continued in
the five-year cycle. The situation in the years 1957-67 is given in tabular
form below.

System of cropping and fallowing
IA IB II III W

1957
1958
19s9
1960
1961
1962
1963
1964
1965
1966
1967

l, 2, 3, 4,. . first, second, third, fourth . . . crop after fallow (F).

Wild oats (Avena ludoviciana) have been hand-pulled on Broadbalk
regularly since 1943. For a summary of the results of the flrst four fallowing
cycles, 1935-54, see reference 5.

r eedkillers On Section IA only: 1957 MCPA, 1958 mecoprop, 1959

2,3,6-TBA/MCPA mixture, 1960 mecoprop, 196l and 1962 2,3,6-TBAI
MCPA. IA and VB: 1963 mecoprop/2,+D. All sections except VA: 1964
and 1965 dicamba/MCPA, 1966 and 1967 ioxynil/mecoprop. Also, to
stubble in autumn 1959, Section IA only,2,*D; autumn 1965 to Section
IA and plot 20 Section IB and II aminotriazole and ammonium thio-
cyanate, autumn 1966 aminotriazole and ammonium thiocyanate to
Section IA only.

r ining. In recent years it was known that parts of Broadbalk were
becoming acid. The acidity, which varied with position in the field, arose
out of the continued use of ammonium salts and rape cake (now castor
meal). In autumn 1954 a liming scheme was begun as follows:

Yearly dressings:

(c) on plots receiving sulphate of ammonia, 1001b calcium carbonate
per l4lb N as sulphate of ammonia.

(b) on plots receiving castor meal, 50lb calcium carbonate p€r 14lb N
as castor meal.

t4

61F23
72134
8324F
943F1

10F4r2
11 I F 2 3
122134
13324F
1443F1
15F412
16 I F 2 3

VA VB
44
FF
l1
22
JJ
44
F5
16
27
38
49
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BROADBALK

In the first year the dressings of chalk on the ammonium sulphate and
castor meal plots were applied at double the prescribed rates. Section Y
was divided transversely into two equal parts (A and B) which are har-
vested separately. Section YB, nearest the drain, reccived a single corrective
dressing of chalk at 5 tons of calcium carbonate. In autumn 1963 Section
YA and plot 19, Section IY, received extra chalk at 5 tons of calcium
carbonate.

For details of the liming on Broadbalk see reference 6.

Hervesting. Until 1901 by hand; 1902-56 by binder; commencing in
1957 the plots were harvested by combine harvester, one combine cut per
plot being weighed. Straw weights are taken after baling but some of the
chaff, small cavings and dust are left on the plots.

Yariety. Squarehead's Master since 1900. Previously Old Red I-ammas
18.1.H8, Old Red Cluster 1849-52, Red Rostock 1853-81, Red Club
t882-99. For 1963 and subsequent years seed from Broadbalk (bulked
from several plots and well mixed) was sown back on the field. Prior to
1963 new seed was bought each year.

References
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162-t63.
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BROADBALK
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BROADBALK
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HOOSFIELD - BARLEY 1852 oNwARDS
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HOOSFIELD BARLEY, 1852 ONWARDS

Before the experiment started the land carried turnips (FYM and super-
phosphate) 1847, barley 1848, clover 1849, wheat 1850, barley (ammonium

;altsi 1851. The fust experimental crop was harvested in 1852, and with
the ixception of 1912, 1933, 1943 and 1967, when the Plots were bare

fallowed, barley has been grown every year since. The manurial treatments

are given in Table 3.

TABI,E 3

Manures applieil owully since 1852

(Unless otherwise stated)

(i) Syt rbols, ,nateriak @d rures of applicotion

N
N.
P

K

Na
Mg
si
FYM
R

SulDhale of ammonia to supply 43 lb N (l)
Nitiate of soda to supply 43 lb N (2)
363 lb superphosphata (18% PrO!) to supPlv 65lb P,Os (about

30 lb P) (3)
2ootb sdldhate of potash (49% KrO) supplyitrg 98lb K'O

(about 80 lb K) (4)
lm lb sulDhale of soda supplying about 14lb Na (4)
loo lb sulphate of magnesia supplying about l0lb Mg
400lb silicate of soda (5)
14 tons farmvard manurc
Castor meal io supply 86 lb N (O

(ii) Treotments

Plot
t-o
24
3-O
44
5-O
1A
2A
3A
4A
5A
lAA
2AA
3AA

IAAS
2AAS
3AAS
4AAS
lc
2C
3C
4C
7-t

5_I
6-2
1N
2N

Notre
P
KNaMg
PKNaMS
PK(7)
N
NP
NKNaMg
NPKNaMg
NPK (8)
N*
NIP
N:KNaMg
N.PKNaMc
N*Si
N*PSi
N'KNaMcSi
NaPKNaMesi
R
RP
RKNaMg
RPKNaMe
None P)
FYM
None
None O0)
N. (11)
N. 01) (12)

19
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HOOSFIELD BARLEY

- 
(l)_ Until 1916-the ammonium salts were cqual parts of amrrlodum sulDhate atrdchloride. From l9l7 onwards only ammonium iulphate has teei'u-seal-eioii rs6a to

1966 43 lb and 86 tb N. (see undei 'vari;iti*to'ili---- "-
(2) The nitrate of soda treatment in the AA and AAS s€ries started in t868. O.iginally

am_moniumsalts at 86 lb N l8J2-57; the dressing of ammonium salrs ,ras tratved frori,
1858 to 1867. From 1964 to 1966 43 tb and 86lb-N

(3) Until 1887 made fiom 2001b bone ash and l50lb sulphuric acid. From 1888
supplied ready made from mineral phosphate. (1898-1902 Uaiic iiaiiltitj6i usea inplace of superphosphate. )

. (4)- From ,852 to 1857 rhe KtO was l47lb and the sulphate ofsoda 200lb. potassium
Oresslngs were ofiutled tn l9l7 and 1918.

q) Silicate at 2001b sodium silicate and 200lb qlcium silicate was 6.st .pplied in
1862: since 1868 400 lb sodium silicate was given.

(6) 2000 lb-rape cake unril 1857: 1000lb uotil t94O (except l9t7-m when nonc was
available): lomlb castor meal l94l-54: since 1955 the ca;tor meal was adiusted to
supply 43 lb_N. From t964 to 1956 casror meal to supply 43 lb aod 8e il N-l ln fSfi
a balaDcin_g_dressing supplyinS 129 lb N was applicd roiie suEplots receiving the lower
rate in 196,H5-

(7) Ammonium salts also in 1852 only.
(8) Sulphate of ammoda at 85lb N io t880 only (with pK).
(9) 1852-71 14 tons famyard maDure.

(10) Ashes 1852-1932 (e_xcept 1928, 1929). (1852-t916 20 bushels ofctay aDd weed-
ashes as us€d to mix with the mineral miurures to aid $eir dislribution: tilT_1932
sifted ashes from the laboratory furnac€,)
(ll) In 1852 ploas lN and 2N received,6-5-!b lror an! t4TlbKrObut tro oitrogeD;

rhe nitrate of soda treatmcnt bc8an in 18j3. Fiom 1964 ro l96d 43 lb aod at It N:
(12) 86lb N 1853-57. From 1964 to 1966 43lb and 85 tb N.

For further information on manurial dressings see Reference (2).

Size of plots. Mostly 0.18 acre; none less than 0.09 acre.

Yariety. From l9l7 onwards the yariety has been plumage Archer.
Previously Chevalier 1852-80, Archer's Stiff Straw l88l-90, Carter's paris
Prize l89l-97, Archer's Stiff Straw 1898-1916 except 1902-05, Hallett's
Pedigree Chevalier, h 1929-32 the plots were drilled in 18 inch rows to
allow inter-row cultivation. Alternate strips of Plumage Archer and Spratt
Archer were compared 1927-32, except 1928. From 1964 to 1966 plumage
Archer (receiving 43 lb N on N, N' and R plots) was compared with Maris
Badger (receiving 86lb N on N, Nr and R plots). Yarieties and N rates
were on the same sub-plots each year. For 1965 and 1966 seed of pluuage
Archer from Hoosfield was sown back on the field. Prior to 1965 new seid
was bought each year.

Weed conEol. Commencing in l9rg the barley was sprayed with DNOC
until 1956; since 1957 various selectivc weedkillers have been used. In
autumn 1958, 1959 and 1961 the stubble was sprayed with 2,zl-D to
check coltsfoot (Tussilago farfara), ln 1962-64 dalapon was used in
autumn to control perennial grass weeds. Aminotriazole and ammonium
thiocyanate were used in autumn 1966.

Plot areas were reduced by pre-harvest cuts in 1948, 1952, 1954, and,
1955 to control wild oats (Avena fatua) which were hand-pulled in the
reduced area taken for yield. In 1953 the wild oats were so bad that the
whole field was cut green and the produce removed.
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HOOSFIELD BARLEY

r i ing. In winter I 95zl-55, 5 tons of CaCO" as ground chalk were applied
to strips 3 and 4 including plots 5A and 5-O. Regular chalk supplements
to all plots receiving sulphate of ammonia and castor meal were prescribed
at the rate of 100 lb CaCO. per 14 lb N as ammonium sulphate and 50 lb
CaCO" per 14 lb N as castor meal. These supplements were given every
five years at a rate corresponding to all the sulphate of ammonia and castor
meal used over this period. Dressings were applied in spring 1955, 1960,
1965 and 2/5 dressings in 1967. See Reference (3). In 1967 additional
chalk was applied at 23 cvtt to plots lN, lC, 4A, 4C,7-1 and 46 cwt to
2C, 5A, 6-l and 6-2.

Harvesting. Plots originally cut by hand, first cut by binder in l9l0 and
then from 1915 to 1957. From 1958 the plots were harvested by combine
harvester.

References

1. Russell, E. J. & Watsotr, D. J. (1938) The Rothamsted field expe.iment oD barley
1852-1937. Parts I atrd Ii. .&np. j. ex;. Asric. 6, 268-314; pafi ifi,7, 193-220.

2. Memoraada of the Field Experiments, Rothamsted, lm|,2G27.
3. Rep- Rothomsted exp. Stn lor 1954, 146-148.
4. Waren, R G. &Johnston, A. E. (t967) Hoosfleld Cotrtinuous Bailey. Rep. Rothar -

sted exp- Stn lor 1966. i2O-338.

For yields s€c Table 4 on pa e22.
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HOOSFIELD BARLEY
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ALTERNATE WIIEAT AND FALLOW' HOOSEELI)
1856 ONWARDS

Two half-aoe strips lie side by side (each divided into four plots since
1932 (see below)), one carrying wheat while the other is fallow, these treat-
ments alternating on their respective plots. No manure has been given
since 1851.

In 1932 a modification was made to enable the effect of a one-year
fallow to be compared with that of a three-year fallow. The strips were
divided transversely into four equal sections. When a strip carries wheat
only three of the four sections are cropped, the fourth section being left
fallow. Each ofthe eight sections has the triple fallow in turn. The sequence
in the eight-year cycle is as follows:

Strip A
AI A2 A.3 A4

Srip B
BI B2 83 84

1960
l96l
t962
1963
1964
1965
1966
1967

CCFCFFFF
FFFFFCCC
CCCFFFFF
FFFFCFCC
FCCCFFFF
FFFFCCFC
CFCCFFFF
FFFFCCCF

(F: Fallow. C: Crop)

In autumn 1956 the strips were divided into halves longitudinally. The
centre two halves carried on the eight-year cycle as before on plots of half
the former width. The outer two strips were assigned to the Entomolory
Department for field studies on Wheat Bulb fly, the factors studied being
plant density and various sequences of wheat and fallow. No fertilisers
are used. All plots have been combine harvested since 1957.

Plot area for fallow eflects 1956 onwards: 0.063 acre approximately.

Variety. The variety grown was the same as that grown on Broadbalk
until 1962. Squarehead's Master from 1900 to 1962. In 1963 and 1965
Squarehead's Master was compared with Cappe e. In 1964 Squarehead's
Master was compared with Rothwell Perdix. In 1966 Rothwell Perdix and
Cappelle were compared but plots A3 and ,A.4 were killed by Wheat Bulb
fly and the spring wheat variety Kloka was sown on these two plots. In
1967 Cappelle was sown, seed dressed with dieldrin.

References
For an account of thc long-period results of the wheat and fallow experimeot se€
Rep. Rothamsted exp. Sh Iot 1956, pp. I84 187. The yearly yields over the pe.iod l85l-
l90o arc Ev.n in Menaranda of the Field Experimchts, Rothamsted, 190 1 , 32-33. 
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ALTERNATE WHEAT AND FALLOW

TABLE 5

llheat after fallow: Hoosfuld
Eight-year meatrs

Crai& cwt Stiaw, cwt
Y6rs of fallow Years of fallovr

1313
193441
194249
1950-57
1958-65

9.7 10.6 l4.r t6.8
t I .6 12.9 I 8.4 m.9
9.7 106 14.5* r5.5*
9.7 lO9

to2 r-2 t5-7+ t7.4+

. Mean of seYeo years, 1950-54.

f Mean of 23 ycars (straw yields lol recorded after 1956)

1934-45
(32 yeaN)
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(i) Treatrne t
Plot
I.'
3
4
5
6

Rotatioos (O

AGDELL, FOUR-COURSE ROTAIIONS' 18'A-19s1,
RESIDUAL EFFECTS, 1952-67

The experiment tested two four-course rotations in combination with
three different manuring treatments applied to the root-break' Details

are given in Table 6.

TABLE 6

Manures applied to tools every fourrh !eu' 1848-1948
(Unless otherwise stated)

(In this lable toots' means turDips or swedes)

(i, Synbols, naretials atd rares olaPplication

N Sulphate of ammonia to llPplv 43 lb Nll) --.. -^ii 5m1t *pe.phosphate (18% P'oJ s'.rpplj'ing 85 lb P'ot (about
37 lb P) (2)

K 50o lb sufpirite of potash supplviry 245 lb K,o (about 200lb
K) (3)

Na r00lbsulphateofsodasupplviryatout-14lb-lrl(1) ..ii; im iu iutbmte or maeDesia sr.rpplving about l0 lb Mg (3)

R - 20oo lb ca;ror meal supplying about l0o lb N (4)

Rotatioo Manures to rootsr
F NPKNaMSR
C NPKNaMgR
F PKNAMg (5)
C PKNaMs (5)
F Noae
C Norc

' other crops unmanued

F Roots. barlev. bare fallow, wheal.
C noots, lartev (undersowtr), clove. or bea$ (7), wheat.

(l) Until 1912 a miatue of aomonium sulphate aod ammodum chlo'ide'
i2) Until 1884 made from 2m lb boDe ash aDd 150 lb sulphuric acid supplviDg about

65'i-d i,o;;;;;-'a tsas- z orainarv superphosphate 68lb P'o'; I89G1900 basic

slag 108 lb PrOr.
(-l) Urtlt tigZ tle ntes were 147 lb K,O, 2m lb sulphate of soda, l0O lb sulphate of

lllagnesra.

14 Untlt tll6 rape cate. The lape cake and castor meal each provided about l0o lb N'
(5) No K 1848-80. 294Ib KlO itr 18M.
(6) The Dlots were further suMivided to show the etrect ofcarting the roots aod leav€s

"fi-(e 
;;;i;;; ;i-th" land as compared with feeditrs them off bv slryep oI plouehios

;;;';: Iri.;;;;*on was aisco'ntinuea after theioot crop of l90o; all roots atrd

leaves have sitrce be€tr carted ofr.
(?) Clover was Srown in 16 seasons, and was reptaced by b€ans i 10 season!'

Siz€ of plots. 0'4 acre.

Yarieties

.Raars. Since 1932 swedes, variety Bruc€; previously several varieties

hatl been grown for short periods only. In 19'[4 14 varieties of turnips and

swedes were compared for resistance to club-root.
25
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AGDELL

Barley. Phtmage Archer since 1917, previously Chevalier and Archer
Stiff Strav/-

Wheat. Sqtarehead's Master since 1903 (Little Joss lgll), previously
Red Rostock and Red CIub. In 1947 winter wheat failed and wai replacei
by spring wheat, Atle.

Clover, Red..

Note that the varieties of wheat and barley were the same as on Broadbalk
and Hoos Barley in each year.

Etrd of therotation experiment Club-root(plasmodiophora brassicae) was
first mentioned as causing serious damage to the t;mip crop in 1920,
thereafter the yields declined rapidly and by 194g the cro-p was too smalt
to weigh.

After the end of the 26th rotation in 1951 the experiment ended but
cropping continued to measure the residual effects of the phosphate and
potash applied to the root crop since 184g. Uniform dresiines of nitro_
C:nou:- l:.tilil.I y..Ie giveo to all ptors according to tbe needs o1tbe crops.
all as 'Nitro-Chalk' except I954 and 1957 (sulphate of ammonia).
The cropping has been:

1952 Bare fallow.
1953 Barley, Plumage Archel unmanured.
1954 Barley, Plumage Archer, 1.0 cwt N divided dressing.
1955 Spring wheat, Koga II,0.6 cwt N.
1956 Winter beans, S.Q. Giant, unmanured.
1957 Potatoes, Ulster Supreme, 1.0 cwt N.
1958 Italian Ryegrass S22. The original six plots were divided; one

half of each was sown with ryegrass, the other was bare fallowed.
The ryegrass was cut twic€ and 0.g cwt N per acre was applied
for each cut.

1959 Second year Italian Ryegrass; 3.2 cwt N in four dressings.
Fallow plots sown with strips of potatoes, sugar beet, barliy,
each_crop testing 0.0; 0.25; 1.0 cwt pro, as superphosphate with
basal N and K.

1960 Cocksfoot S37 after Itatan Ryegrass; 0.g cwt N for each cut.
Rotation of potatoes, sugar beet, barley continued testins direct
application 0.0; 0.25; t.0: t.5 cwt p,Ou.

1961 Second-year cocksfoot; 0.8 cwt N for each cut. plots l, 3, 5 onty:
crops in rotation, testing superphosphate as follows:

None; 0.75; 1.50 cwt prO6 either ploughed_in or in seedbed;
also 0.75 cwt ploughed in plus 0.75iwt in seedbed, and 1.5 cwt
ploughed in plus 1.5 cwt in the seedbed.

1962 Third-year cocksfoot; 0.8 cwt N for each cut. plots 2, 4,6 only:
treatments and cropping as in 196l on plots l,3, 5.

1963 Fourth-year cocksfoot, 0.8 cwt N in spring; grass ploughed after
fust cut and area fallowed. Areas carryingitrip irop-s in 196l
and 1962 bare fallowed.
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AGDELL

19& Plots in ley re-sown to Timothy, S5l; 0'8 cwt N for each cut,
remaining area continued in faltow. New scale of P and K
dressings applied to sutFplots of both grass and fallow areas:

0,4, 8,16 cwt PpE with 10 cwt KrO;o,2'5,5' l0 cwt K,O with
16 cwt PrO6.

1965 Second-year Timothy; 0'8 cwt N for each cut. Remainder fallow'
1966 Third-year Timothy;0'8 cwt N for each cut. Remainder fallow'

Dressings of P were applied to all grass sub-plots (except PO) to
balance vithdrawals by grass in 1965' Part balancing dressings

of K were applied to all grass sub-plots (except KO).
1967 Fourth-yeai Timothy; 0'8 cwt N in spring, ploughed after first

cut and re-sown in late summer with 0'8 cwt N in seedbed'

Remainder of balancing dressings of K applied to grass Plots'
Rest of area fallow.

Lining. In 1954 the plots were limed with ground chalk at the following
rates is tons calciun carbonate: plot l, 3 tons; plot 2,4 tons; plot 3

(part only), 0'5 tons; plot 4, parts at 0'5, l'0 and 1'5 tons. See Rep'

i.otha tied 
"rp. 

Sfi foi 1954, pp. 14G148. In spring 1959 plots-l and 2

received 36 cwi ground chalk. In 1967 plots 1 and 2 and the south halves

of plots 3 and 4, both grass and fallow, received 46 cwt ground chalk in
mid-season.

References

For further details of the early years of the expe ment atld yearly yields se Memoraada
ol the Field ExDerina ts. Rothamsted, 1901 , l lO'121.

F.'";;i;;;i;'tr;!;ait J ni-rto .". Wut 
"n, 

n. c. ltes'it. Rep. Rothomsted exp' stn

fot 1957,252-260.

TABI,E 7

Crops in rotation: Agdell

Manure to roots NoDe
utrtil 1948

Plot 5 6

Rotatioa Fallow Clover

PKNaMg NPKNaMgR

3

Fallow

Swedes, rootsi toDs
Barley, graia: cwt
Beans, gmin: cwt
Clover, hay: cwl
Wheat, grain: cwt

S',vedes, lootsr: tons
Turmps, ioots': tons
Barley, gmin3: cwt
Clovei, hayl: cwt
wheat, glailrs; cwt

1848-1919

1.7 0.6
t 1.4 10.8

7-7
307

13.8 12.8

t9m-53
1.00 0.35
o.72 0.23
7.7 6.5

8.6
13.3 ll.6

8.8 9.6
12.0 l2.o

10'7
58.6

16 3 11.7

7.69 t0.84 13 88
3.27 3.18 519

I l.l 14.5 10.8
30.2

16.6 l7.l 14'0

412
Clover Fallow Clover

18.0 15.9
t6.4 18.4

13.1
@'2

16.9 17.8

5.99
4.03

10.7
25.2
16.0

l Mean oftwo vears: 1920 and 1928.
, Me,n of four vears: 1924- 1932.19.16 and 1940.

" 
'r\,i;; ;i;i"hi"e;: 192i. 1e25, t929,1933,1941, t94s. 1949 and 195.1.

. Mean ot foir vears: 1922. 1926. 1930, 1938.

'Me"" oi iere,i vea.s i 1923. 1927,1915. 1939, l94l' 1947, l95l'
1931: wheat failed. 1937: barlev failed.
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I

BARNFIELD - RooT CRoPS 1843.7959
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BARNEELD, ROOT CROPS 1843_19s9 (EXCEPT 185!55,
BARLEY), AND INTERIM TREATMENIS 1960{7

Jl_"-"ltly experimental crops on the Barnfeld plots were: white turnips
1843-48, swedes 1849-52, barley 1853-55, swedes 185G70, sugar beet
l87l-75. The layout of the field and the manures applied for theie crops
were similar to those adopted for the mangolds, brt the." were some
important changes. For details of dressings and yields obtained in these
early years see (1). From 1876 to 1959 mangolds were grorvn on all plots.
From 1946 four rows of sugar beet were drilled on eaih plot, occuiying
about one-third of the area. All roots were carted and all leaves and- iopi
were spread on their respective plots and ploughed in except as mentionid
under 'Yields' below. For the complete history of cropping and manuring
1843-1959 see (2).

The field is manured on a cross dressing system similar to that on Hoos
Barley but with the important addition that the nitrogen treatments cross
the two FYM strips. P, K, Na, Mg together with FyM are laid in various
combinations on strips running north and south, the various nitrogenous
manures are applied across these strips at right angtes. The actual rates
of manuring are given in Table 8 below:

TABLE 8

Manures applied annually 1876-1959

({rdess orherwise stated---{ee note 1)

(i) Anangement

The maitr part of the experim€nt compds€s 35 plots arranged io s€ven .strips'
runflng roughly north-south and fi!€ .s€ries' rutrning a! rig6l_anglcs. plot 9 lies
outside tbis scheme._The plots of each strip receive oie of citain ;mOioitlon. of
tafinyard rnaDure and miDerals: rhe plots of each series receive otre of certaio combioa-
troos of castor meal, sulphate of ammoDja al]d njtrate of soda.

The individual plots are defned by rheir strip Dumber and their s€ries letter.

{ii) Treatmefis to series

o
N

AC
c

None
NitEte of soda to supply 86 lb N (2)
Sulphare of ammonia lo supply 86 lb N (3)
Sulphate of arnrnonia as series A and castor meal as series C
Castor meal to supply 86lb N (4)

<iii) Trearments to strips

Strip

I
2
4
5
6
7
8

D
DPK (5)
PKNaMS e)
P
PK
PNaMs (O
Nooe

Table 8 continued otr pagE 30.
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BARNFIELD

(i,r) Slttbols, materials and rates of application
P 3631b superphosphate (18% PrOs) to supply 65lb P,O5 @bout

30 lb P) (a
K 5m lb sulphate of potash (49% K,O) supplying 245 lb K,O (about

200 lb K)
Na 200 Ib ag cultural salt (sodium chloride 39.3 % Na) supplyiog about

80 lb Na
Mg 2m lb sulphate of magnesia supplying about 20 lb Mg
D 14 tons farmyard manure

(v) Plot t has rec€ived treatment NKNaMg since 1903 (8)

(t) Many of the treatments were contitruous from 1845. For details 184!75 see
References (2) and (5).

(2) In 1903 plot 4N was halved to test Na v, K,4Na carried the odgitral manurcs;
4Nb received superphosphate 392Ib but no sodium, N atrd K being given as potassium
nitrate 570 lb, calcium dtrate l00lb and calcium chloride at l90lb to balance chloride
in the sodium chlo de on 4Na.

(3) Until 1916 equal parts of arnmonium sulphate and chloride. (1887 ammodum
sulphate oDly.)

(4) Until 1939 lape cake at 2000 lb (none l9l7-20); 19,l{}-54 2000 lb castor bean meal;
since 1955 86lb N as castor bean me.l. Castor meal was discontiaued after 1961.

(5) Utrtil 1894 farmlad maDure and superphosphate.
(6) Since 1903. Until 1902 the whole of strip 7 received 65 lb P,Os, 245 lb K:O atrd

ammonium salts providioe 8 lb N.
(7) Basic slag was used in place of superphosphate from 189G1902.
(8) 187G1902 14 tobs fa-rmyard manure,65lb P,O,, 86lbN as ammonium salts

per acre.

Applicetion of manues. Farmyard manure was ploughed down in winter;
P, K, Mg, salt and castor bean meal and one-third of the sulphate of
ammonia and nitrate of soda x€re applied after the first cultivation but
before the seed was drilled. The remaining two-thirds of the nitrogenous
fertilisers was applied as a top dressing about the time of singling.

Husbrndry

Mangokls. Variety, Yellow Globe. In 1908 and 1927 swedes were grown
when mangolds failed. In 1931 a crop of mixed mangolds and swedes was
gown. In 1935 the mangolds failed and the field was bare fallowed.

Since 1954 a space equal to four rows of mangolds has been kept free
from crop along the west side of strip I because the plot boundary is very
near to the field boundary. This area receives the same manure as the
adjacent cropped area.

Sugar beet (1949-59), From 1946 to 1959 four rows of sugar beet
(Kleinwanzleben E) were drilled on the east side of every strip except
strip 8 which had the sugar beet on the west side.

Weed control. In 1955 certain plots badly infested with twitch
(Agropyron repens) were divided into two parts, one part being sprayed
rvith sodium trichloroacetate (TCA). In 1956 the other half of these plots
was similarly treated.

Liming. In spring 1956 a corrective dressing of 5 tons of ground chalk
was applied to the A and AC series. After the crop had been removed a
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BARNFIELD

maintenance dressing was applied to balance the sulphate of ammonia
and castor meal given over a five-year period on seriejA, AC and C, the
rate being 100 lb calcium carbonate per l4 lb N as sulphate of ammooia
and 50 lb calcium carbonate per 14lb N as castor meai.

In 
^December 

1962 ground chatk was applied at 2 tons to sedes A, AC
and C.

Yields

Mangokls. Yields of roots and of leaves were taken from the whole
area of each plot till 1941. From 1942 the yields of leaves were calculated
from the weights of leaves on two rows per plot chosen at random. From
1955, on plots 4-0, 5-0, 6-0, 7-0 and 8-0, where the plants were very small,
leaves and roots were weighed separately for the iwo chosen rows only;
for the remainder the total crop was weighed without separation. yields
of roots and leaves were calculated by applying the appropriate ratio to
the total yield ofthe whole plot. The whole crop was carted ;f these plots.

Sugar beet. Yields of roots were taken from the whole area of each plot
until 1954 and yields of leaves were taken from one row per plot chosen at
random. From 1955, on plots 40, 5-0, 6-0, 7-0 and 8-0 leives and tops
were weighed separately on the one chosen row and the ratio so determined
was appled to the total produce of the whole plot. The whole crop was
carted off these plots. Top weights were estimated from one random row
per plot and the tops were spread on their plots and ploughed in exc€pt
on the O series (less FYM plotr.

Pedo(t 196{H7. In 1960 and 196l the fleld was fallowed, farmyard
manure and castor meal and minerals were applied.

In 1962 plots were divided lengthways for comparison of potatoes and
mangolds. Farmyard manure and minerals were applied as in the past but
the application of castor meal was discontinued. The division of 4N was
discontinued and the plot reverted to standard strip manuring. For each
crop plots were divided into four for a test of nitrogen (except series O
which continued to receive no nitrogen). Rates 0, 0.6, 1.2, 1.8 cwt N as
sulphate of ammonia on series C, AC and A; as nitrate of soda on series
N and plot 9; all in the seedbed.

In 1963 farmyard manure and minerals were applied and the fleld was
fallowed, except for three rows of potatoes on the east side of strip 4,
series N, A, AC and C for observations ol Oospora pustularr. potatoes
received 1.2 cwt N as sulphate of ammonia on A, AC and C, nitrate of
soda on N.

In 1964 plots were again divided lengthways for comparison ofpotatoes
and mangolds (crop positions in reverse of those in 1962). The rate of p
was increased to 122.5lb PrOs to allow use ofcompound fertiliser (0: 14:
28) on strips 2,4 and 6. Granular superphosphate was applied (at 122.5 lb
P2O5) to strips 5 and 7. Nitrogen rates and forms were as in 1962, cumu-
lative ot 1962 treatments.

3l
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In 1965 and 1966 the field was fallowed. Farmyard manure and minerals
(P at customary rate) were applied but not nitrogen.' 

In 1967 spring beans were grown, farmyard manure and minerals were

applied but not nitrogen. Atl plots were sprayod with simazine weedkiller
at I lb per acre.
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Watsotr, D. J. & Russell, E. J. (1%}.'16). The Rothamsted expedmetrts on man-
solds 1872-!940.
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IIAY, THE PARK GRASS PLOTS, 1856 ONWARDS

(See diagram, page 36)

The Park has probably been in grass for some centuries. There is no record
of any seed having been sown. The herbage has been cut for hay each year
since manurial treatments were first applied in 1856. The management of
the aftermath following the first hay cut in each season varied in the early
years ofthe experiment. It was grazed by sheep in the years 1856 to 1872
except for 1866 and 1870. In 1866, 1870, 1873, 1874, 1876, 1884, 1885,
1887, the aftermath was mown but not removed from the plots. In all
other years the produce of the second and sometimes third cut has been
carted and weighed either as hay or green.

. TABI,E 1I

Manures applied atuually since 1856
(Unless otherwise stated)

For liming treatments s€e s€pamte s€ctiotr b€low

(i) Synbob, aterials and rares of application

Sulphate of an|monia to supply 43, 86, t29 lb N (l)
Nitrate of soda to supply 43, 86 lb N- (For N' see trote 19.)
363 lb superphosphate (18% P'Oi) to supply 65 lb PlOj (aboul

30 rb P) (2)
50o lb sulphate of potash (49% K"O) supplying 245 lb K'O

(about 200 lb K) (3)
lm lb sulphate of soda supplyiag about 14lb Na (4)
l0O lb sulphale of magnesia supplyhg aboui l0lb Mg
,+0O lb silicate of soda (5)
14 tons farmyard manlre every fourth year
Fish meal every fourth year, to supply 56 lb N (about 6 cwt

me3l)

Nl, N2, N3
Nt*, N2'
P

K

Na
Mg
si
D
F

(1i) Treatments

Plot
I
2
3
4-t
4-2
5-1

6
7
8
9

l0
l1-l
11'2
12
l3
t4
l5
l6
17
l8
l9
20

Nl (o
Norre (7)
None
P (8)
N2P (8)
None (9)
PK (9)
PKNaMs (8) 00)
PKNaMg
PNaMs (8) (11)
N2PKNaMg
N2PNaMs (8) 01)
N3PKNaMS (12)
N3PKNaMSSi (5) 02)

o3)
(14)
(15)
(16)
(14)
(l ?)
(r8)
(19)

None
DF
N2*PKNaMg
PKNaMg
NlrPKNaMg
N''
N2KNaMg
D
DN*PK
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PARK CRASS
Hoy eoch yeor since 1856

FYM everv
fourth yeal

(1965, 1969)
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itr oth€r yeaN.

\_\*,,
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4
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(l) Until 1916 the ammooia nitrogen was supplied as a mixture of equal pa.ts of
anrmodun sulphate aod ammonium chloride. Sirce l9I7 only ammonium sulphate
was used.

(2) Uatil 1888 the phosphate was made from 200lb bone ash and l50lb sulphuric
acid, then superphosphate. 1897-1902 basic slag (,l00lb).

(3) Until 1878 the standard dressing of sulphate of potash was 1471b K,O, it was
then raised to 245Ib K,O. Potassium dressings omitted 1917 and 1918.

(4) 185tu3 sulphate of soda at 200 lb.
(5) The silicate dressing begatr when plot 1l was divided in 1862 and from 1862 to

1870 equal parts of calcium atrd sodium silicate were used.
(O Utrtit 1863 14 tons of farmFrd manule also.
(, Until 1863 14 tons farmyard manure oaly.
(8) Sawdust at 18 cwt was applied to plots 6, 8, I0 unril 1862, aod on plot 4 until 1858.
(9) After ammooium salts 86 Ib N unril t897.
(10) After ammoniu salts 86 lb N until 1868.
(tl) With K 1856-61. From 1864 to 1904 the diessing of sulphate of soda was 250lb

(500 lb 1862-{3).

02) Urtil l88l the amiioDium salts were applied at 1721b N except iri 1859-61
when the dose was 86 lb.

(13) Until 1897 complete fertiliser as plot 9 with 2000 lb ofcut wheat stlaw itr addition.
From 1898 to 1904 as plot 9, no st.aw. The farmyard manurc has beetr applied once
every four years starting 1905, and the fish meal o[ce every foul yea$ str.ting 1907.
Sitrce 1959 the fish meal dressing has been staodardised at 0.5 cwi N (approximarely
6 cwt meal).

04) Sitrce 1858.
(15) Sioce 1876. Nitrate of soda 86lb N 1858-75.
(lO Sirce 1858, P omitted from plot 16 in 1866, 1867.
(lA Since 1905. From 1865 to 1904 P, K, Na, Mg, Si, and N equal to the amouDts

coDtaircd ir I ton of hay (35 lb N).
(18) Every fouth year since 1905. From 1872 to lqx 65 lb P,Os; 1421b KrO; and

43 lb N as nitrate of soda.
(19) FYM every fourth year startiog 1905; intervening years niftate of soda (26 lb t9

superphosphate (33 lb &06) and sulphate of potash (49 lb K!O).
1872-1904: superphosphate (65 lb P:OE) and potassium dtrate supplying about 43 lb

N and 142 lb K,O.

Size of plots. For manuring mostly 0.5 acre and 0.25 acre, a few 0.17
and 0.12 acre.

Liming

1881-18%. The first liming was done in 1881, when a strip ll yards
wide on the north side of plots l-13 received 2500Ib chalk. In 1883 and
1887, slaked lime was applied first to one half then to the other of all
plots except 5. The rate was 2000Ib CaO except on plots ll-l and ll-2
where 4000Ib was given. Plot 5 received 4000lb in all; one half 2000Ib
in 1883 and 2000lb in 1896, the other 4000Ib in 1896.

1903-1964.In 1903 a regular liming scheme was started on the south
halves of plots 1 to 4-2, 7 to ll-2, 13, 16. The dressing was ground lime
(2000Ib CaO). The application was repeated in 1907 and 1915. In 1920
plots 14, 15 and 17 came into this scheme and in that year the dressing
was 2500Ib CaO. Also in 1920 ploS 18, 19 and 20 were each divided into
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three sections, one being left unlimed and the other two limed every four
years:

Plot l8 6l and 35 cwt ground lime
19 28 and 5 cwt ground lime
2O 25 and 5 cwt gound lime.

Lime was applied every fourth year, starting 1924, to the southern halves
of plots I to +2,7 to ll-2, 13 to 17, at 20001b CaO. plots 18, 19, 20
received dressings as in 1920.

In 1956 the lime used contained a large proportion of calcium carbonate
and it was decided that from 1960 the whole dressing should be applied
as ground chalk equivalent to 2000 lb CaO for main plots, and appropriate
amounts on plots 18, 19 and 20.

From 1965. In 1965 a new liming scheme was introduced to establish
four levels of pH on most of the plots. Plots hitherto limed other than 5,
6, 12, 15, 18, 19, 20, were divided into four sub-plots (a, b, c, d), a and b
on the south side (previously limed), c and d on the north side (previously
unlimed). On sub-plot a the pH is maintzined at the 1965 pH level by
liming every fourth year; no lime is applied to sub-plot d. On sub-plots b
and c lime is applied to establish and maintain pH 6 and 5 respectively.
Plot 18-3 has the a, b split and l8-l the c, d split. Plots l8-2, 19 and 20
are maintained at the 1965 pH level.

Dressings applied in 1965 and 1967 in the new scheme were as follows:

Plot 1965 1967 (tons CaCO3 as ground chalk)
lc

+2b
4-2c

9b
9c

l0b
l0c

I l-lb
I l-lc
I l-2b
I l-2c

13c
l8-lc

Application of manues. D, F, P, K, Na and Mg are applied in winter.
N and N* in spring (about March) in one application except (i) plots I l-1
and l1-2, where one-third of the annual dressing is applied about April
and (ii) plot 14, where one half is applied about April. Lime is applied in
winter.

Harvesting. For many years all operations were done by hand. The mow-
ing machine was fust used for the fust cut in l90l though it had been used
for the second cut since 1881. The first cut was made into hay on its
respective plots and weighed as such until 1959; the second cut is weighed
green and yields are calculated from the dry matter figures. In 1959 a flail
38
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tlpe forage harvester was compared with the ordinary cutter-bar machine
on the first cut on parts of plots l, 7, I l-l and 13. The tabulated yields for
this crop reler to hay made in the usual way. The second cut on all plots
in 1959 was estimated entirely by forage harvester, taking two cuts per
plot except plots 5 to 10, 13, 18 which had four cuts. From 1960 yields of
both cuts have been estimated from two or four cuts by the forage har-
yester; at the fust cutting the remainder ofeach plot is cut by mower
and made into hay on the plot, to maintain continuity of husbandry, but
at the second cutting the whole produce is cut by forage harvester and
carried green. The positions of the sample cuts vary from year to year.

Note that yields given in Table 12 are expressed as dry matter' Yields
given in the Resuls of the Field Experimerrr till 1959 are expressed as hay.

References

Further details of manuring: Memorandt ofthe Field Experiments, Rothamsted, 1901,
pp. m-23.

Yi-ei.is and botanical composition: B.enchley, W. E. (1958), The Pa* Grass plots at
Rothamsred, 1856-1949.'Revised by K. Wa;-ogloo- Harpenden; Rothamsred Experi-
metrtal Station. (Repdnted 1969.)

Breochley, w. E. i1924). Manurin, of gassland for hay- kothamsted MoDographs or
Agricultural Science. Londoo: Longmans, CreeD & Co.

Warien, R. G. & Johnston, A. E. (1964) The Park Grass experimeot. Rep. Rothamsted
exp. S,n for 1963,240-262.

Plota 5 and 6 were-taken out of the classical scheme il 1965 and used for micro-Plot
tests of N, P atrd K. For details see lRep. Rorhangred exp. Stn for 1964, p- 224, and
for 1 6,49.

For yields see Table 12 on pages 4H2.
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PARK GRASS
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EXIIAUSTION LAND, HOOSFIELD, 1850 ONWARDS

This experiment tests the residual effects of manures applied 1856-1901
after unmanured wheat 1850-55. The crops were wheat (titl 1874) and
potatoes from 1876. Treatments applied to the two crops di.ffered some-
what (see Table 13 below).

TABLE 13

M anures applied atnually

1856-1901

(UDIess otherwise stated)

(i) Syrrrbob, aterials and rates of alrplication

N
N+
P
K

Na
Mg
D

Ammorfum salts supplyns 86 lb N (l)
Nitrate of soda supplyitrg 86lb N
Superphosphate supptyidg 65 lb P'O' (about 30lb P) (2)
Sulphate of potash (49% K4O) supplying 1471b KlO (about

l22lb K) (3)
l0O lb sulphate of soda suDDlyins about 14lb Na
l00lb sulphale of ma8aesia supplying about l0lb Mg
14 tors farmyard manure

(ii) Treatmentt (4)

Plot (8)

I
2

4
5
6
7
8
9

l0

185G14
To wheat
Notre
NoDe
None
None
N
N

187G1901
To potatoes
None
D (5)
DP (O
DN'P ('
N
N*

NPKNaMs NPKNaMS
NPKNaMg N*PKNaMg
PKNaMg P
PKNaMg PKNaMS

(l) The alnmonium salts consisted ofequal parts ofammotrium sulphate and chloride.
(2) 1897-1901:4001b basic slag. 185G84: superphosphate made from 2001b bone

ash and l50lb sulphuric acid-
(3) 1859-74: sutphare of potash at 98 lb K'O.
(4) In 1871 and 1872 the c.op was ploughed up ia mid-s€asofl Manules were not

applied in 1872 and 1873. ID 1874 N oDly was apptied, at half the usual rate iD spri g
li-t8?5 P, K, Na and Mg were applied Out no 19 and the plols were fallowed. For
potato€s 1876 FYM and N were applied but no more P, K, Na or Mg.

(, Until l88l; unmatrured t882-1901.
(6) Until 1882; D only 1883-190I.
(7) Until l88l; DP 1882; D only 18E!1901.
(8) The origiml five plots were divid€d into l0 and retrumbered ia 1876. The later

numbering is used in this table.

Size of plots. 0'167 acre.
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EXHAUSTION LAND

Resirlual years. The cropping from 1902 onwards has been:
1902-22 Cercals without manure, yields taken: 16 crops of barley,

three of oats, one of wheat and a bare fallow in 1920. (plots
5-10 red clover from 1905 to l9l l.) For details see (1).

1923-40 Cereals without manBre, no yields recorded exc€pt for wheat
in 1935.

l94l-48 Cereals with nitrogen ody, average dressing 0.6cwt N as
sulphate of ammonia. No yields taken.

1949-56 Barley (Plumage Archer) with 0.5 cwt N as sulphate of
ammonia yields taken.

1957 The land was cropped in halves, the west half contaidng
plots 2, 4, 6, 8, l0 and the east half plots 1,3,5,7,9.
West half. Bare fallow, except a trarrow strip in barley.
East half. Strips of spring wheat, barley, sugar beet, potatoes,
kale, swedes divided into microplots to test residual p and K
against direct application of p and K.

1958 West half. Barley.
East half. As in 1957 but on fresh land (headlands of 1957
experiment).

1959-62 Both halves in barley with 0.5 cwt N as sulphate of ammonia
until 1960. Since 196l 'Nitro-Chalk'.

1963 Plumage Archer replaced by proctor. Nitrogen was combine
drilled.

1964-66 Variety Maris Badger with 0.? cwt nitogen combine drilled.1967 Fallow.

Liming. In the winter of 1954-55 calcium carbonate at rates varying from
2 to 5_ tons was applied as ground chalk to various parts of the experi-
mental area according to their needs. See (2).

Part of plot 2 received ground chalk at 2 tons in winter 1959 50.
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EXHAUSTION LAND
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EXHAUSTION LAND
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EXHAUSTION LAND

TABLE T6

Exhatstion lad, Ho o sfu I d
Barl€y: cwt

plot rreatment Four-year m€aos lgT 'iilfrffff187e190r 1 9-52 1953-56 19&-$ DA-S D@_6
Grain Graio Grain Grain Grain Staw

None lt.4 12.6 17.8 13.2Di t2.o 13.7 15.3 11.9DPt 24-3 25.0 25.0 34.2DN*PI 25.7 .4 X.O 31.5N 13.2 r4.8 15.7 12.3N* 13.0 12.4 14.5 t1.5
NPKNaMg 22.6 24.O 21.8 30.5
N.PKNaMg 24.8 22.8 20.8 21.3P 22.7 2t-8 21.9 28.'7PKNaMS 25.4 24-O 22.2 28.1

t For treatEents see Tabl€ 13,

I
2

4
5
6
7
8
9

l0

t3.8 13.713.3 t4.O
26.6 23.126.3 23.614.1 l3-4129 13.124.4 21-7
23.? 20.723.s 20.524.8 21.8
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ROTHAMSTED GARDEN CLOYER, 1854 ONWARDS

This experiment is an attempt to grow red clover continuously on a rich
garden soil.

The first crop was sown in spring 1854 on a plot in the kitchen garden
of the Manor House. In 1856 the plot was divided into three parts for a

test of no manure v. gypsum v. mixed minerals (containing potash). The
treatments were repeated in 1868, 1874 and 1883. In 1896 a dressing of
mixed minerals was applied to the whole area, dug in to l8-inch depth;
the topsoil and subsoil were kept separate. No further manures were
applied until 1956.

In 1898 and 1900 the whole plot was treated with carbon disulphide.
In 1956 the plot was divided into two to test an annual dressing of

muriate of potash at 2 cwt (4 cwt in 196l).
In 1960 the sub-plots were halved to test the effect of a foliage spray of

molybdenum (as I lb sodium molybdate).
In 1963 and 1964 only the test of K was continued.
In 1965 the variety was changed to Dorsetiensis and the sub-plots halved

for a test of formalin drench (266 gallons of a 38[solution of formalde-
hyde).

In 1966 clover failed after the first cut and re-sowing in September failed.
In 1967 additional K, 7 cwt muriate of potash, was applied to the sub

plot which had not previously received any. This was followed by a basal
dressing of 2 cwt muriate of potash and 1 ton ground chalk. The plot was
then sown with Sl23 red clover and divided into two to test a dressing of
1.0 cwt N for each cut.

The plot is re-sown whenever necessary. Complete re-sowing or patching
is now almost a yearly operation.

Two or three cuts of green stuff are taken each season.
Whole plot area: 0'N22 acre.

Reference

For an account of the history and yields of this plot see Xep. Rothamsted exp. Srn for
1956,187-189.

TABI,E 17

C love r, Ro t hamst ed G arden

Dry matter: cwt
Meatrs over l0 years, 1957-66

Mu.iate of potash: cwt
NoDe
17.9

Meao
27.6

2r
31.2

* 4 cwt in 1961.
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WOBURN, STACKYARD FIELD, CONTINUOUS WHEAT AND
BARLEY, 1877 ONWARDS

The experiments on wheat and barley tested the same set ofmanurial treat-
ments under the same plot numbers. There were four periods: (1) 1877-
1906 during which the fertiliser dressings were on much the same scale as

for continuous cereals at Rothamsted ; Q) 190'126 when additional treat-
ments were tested, most ofthe nitrogen dressings were halved and amounts
of P and K were decreased; (3) 1927-58 when their residual effects were
measured; (4) 195946 a more detailed study of residual effects involving
direct additions of P and K on micro-plots, after the surface soils on all
plots had been brought to pH6.

Commencing in 1898 certain of the plots were subdivided to test lime
applications. These lime dressings are tabulated separately in Table 19.

First and Second periods, 1877-1926

Size of plot. The main plots of the original experiment were 0'25 acre.

Yarieties. Many changes were made; I I varieties of wheat and eight of
barley were grown during the course of the experiment. Since 1927 the
varieiies have usually been Squarehead's Masterwheat and Plumage Archer
barlev-

TABLE It
Manures applied annually, I 877-1926

(i) Symbols, fiatetials and rates of application
Nl. N2: mixed ammonium salts to supplv 43, 86lb N (1877-1900 (1); sulphate

of arnmonia to supplv 20 5, 41 lbN(1907 26)
Nl+. N2* : Dilrare of soda to supplv 4J, 86 lb N (187?-1906); 20 5. 4l lb N (1907 26)' P: 3I cwl superphosphate (187" P,Od) supplviDg 65 lb P,O5 (aboul 30 lb P)

(i877-1900: 56lb P,os (1907-26) (2\ 
.

K: 2oo lb sdphate of potash supplving 98 lb KlO (about 80 lb K) (1877-
l90or 27 lb K"O (1907-26)

Na: l0O lb sulphate of soda supplying aboul 14lb Na (3)

ME: Im lb sul;hate of magnesia supplying about l0lb Mg (3)

Dl. D7: farmvard hanure (FYM) !o supplv 86' l72lb N (4)

(i1) Trcatnents Plot (5)
1
a
3
4
5
6
1
8
9

loa, 10b
1la, l1b

None
NI
Nl* (o
PKNaMg
NIPKNaMg
Nl*PKNaMg
None
N2PKNaMS (7)
N2*PKNaMg (7)
Dr (8)
D2 (9\

(1) Equal quantities of ammonium sulphate and amrnonium chloride.
(2) I[ the first few years, superphosphate made from 2001b bone ash atrd 1501b

sulphuric acid.
(3) Not applied after 1906.

t4) Cattle were given weighed quaDtities of cake, loots and straw. The manute was

cartia. iUmpea Gder covir and applied almost immediately. The &essidgs werc

D-D.E. 49
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WOBURN CLASSICALS

calculated from the known composition and weights of materials fed allowitrg for
retention; these were usually H and 8-12 tons FYM. From 1907 the FYM was analys€d
and the dressing (now applied ro plot llb only) was adjusted to suppty 82lb total N.
This investigatiot sho\red that before 1m7 much less N had been applied than was
thought at the time.

(5) SubdivisioDs of the plots foi ti.hing are ignored in this table. See below.
(6) From l9O7 plot 3 was divided; 3a received N2' (41 lb N), 3b receiv€d Nl*

(20.5 rb N).

_(1) 18'17 82 all N in sprhg in two equal amounts. From 1883 N applied only in
altemate years, plots being halved 8a, 8b,9a,9b to show direcr and r€iiduat efects
(PKNaMg every year). From 1907 these tests continued wirh 4l lb N itrstead of 86Ib.

(8) loa: 1877-81, Dl
1882-1906, unmanued excrpt 1889, Iape cake to supply 43 lb N
1907-26, Nt*P

10b: 1877-a7, Dl
1888, unmanured
1889, rape cake to supply 43 lb N
l890-1m6, rape cake to supply 82lb N
1907-26, rape cake to supply 20.5 lb N

(9) lta: 1877-81, D2
1882-1906, unmatruled
1907-26, Nl+K

llbt 1877-1926, D2

Limfug. After 16 years of ammonium salts providing 43 lb N the barley
yields on plot 2 began to decline. This plot was fust limed for the crop of
1898 as was also its counterpart in wheat, which was by then also showing
deterioration but to a lesser degree. Thereafter lime was applied to several
of the plots in different amounts and years. The material used was high-
grade bumt lime, slaked before application. The details are:

TABLE 19

Lime (CaO) cwt atd years of application
51020

Wheat
1905, 1909,
19t0,l9ll

I905
1905, r918

Barley
2aa 1905, 1909, 1923

l9lq l9ll
2b, 5b, 8aa, 8bb

2bb

2aa

2b
2bb
5b

8aa, 8bb

t92l

4b
5aa

3aa, 3bb

Q

1898
1898,1905

1898, r912
1898, t905

1912
19t5

1905,19t6

Thiril perioit, 1927-58
From 1927 to 19,10 there were two cycles of two years fallow followed by
five years cropping. The bare fallows were in 1927, 1928, 1934, 1935. The
plots were cropped with Red Standard wheat (Million in 1929 and 1930)
and Plumage Archer barley. In l93l and 1932 the varieties plumage and
Archer were grown side by side in alternate strips on all the barley plots.
The plots were unmanured except that plots 8, 9, loa, I la on the Iiarley
Site received fertilisers as detailed at top ofpage 51.

50
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WOBURN CLASSICALS

a

PIot
8
9

10a
lla

Supei-
phosphate

P,O5 lb
56
56I

Sulphate Sulphate
ofpotash of ammoda
K,O lb N lb

82 41
82

Nitrate
of soda
Ntb

8.6 ll.t 9.410.8 13.2 I1.913.3 16.3 14.1

5.8
7.2

4t
4t
41

From 1941 to 1957 cropping was continued as before but nitrogenous
fertilisers were given to all plots. In 1941 and 1942 sulphate of ammonia
at 47 lb N was given as a basal dressing for both crops. In 1943 the plots,
excluding 2, 5 and 8 which had receiyed subhate of ammonia, rvere
divided into sets of three and dressings of 35 lb, 70 lb, 105 lb N as 'Nitro-
Chatk' were applied to the plots of each set in cyclic order. The sets were:

Past treatment
NoPorK
PK

Plots
t,3,7
4,6,9

Farmyard manure 1lb (divided into three sections)
Various treatments l0a, l0b, 1la.

Plots 2, 5 and 8 were fallowed.

The wheat plots were fallowed in 1947, 1948, 1955, 1956, 1957; the barley
plots in 1947, 1948,1949,1956, 1957. No crop weights were taken on either
experiment in 1950. In 1952 and 1953 the barley plots were divided to
compare winter and spr.ing-sown barley- In 1958 all main plots of both
experiments were divided into four sections carrying winter wheat, winter
barley, spring wheat and spring barley respectively. The crops were uneven
and were ploughed up in spring 1958.

TABLE 20

Continuous wheat and barley, I|oburn
Plot rumbeN 1,3,7 4,6,9 l0a, lob, lla llb
Tre nnent 1877-1926 No P or K PK Vadous FYM Mean

Wheat graia: cwt
Means over seven yea$ i 1944, 1945, 1949, 1951-54

r 35 8.3 9.5
rbN 1943.54 i 70 9.8 13.9

t lo5 t2.r 14.5

11.813.510.1

Barley gain: qrt
Meaos over six years: 194346, 1952, 1953

r 35 5.6
lh N 194!54 I 70 7.4

I ros 8.8

f"fero 7'3

tt.2
9.0 6.99.9 8.911.5 9-4
l0.r 8.4

10.9 6.5

Nor?. No yield was recorded for plot loa (105 Ib t.I) in 1952. A value (10 5 cw) was
estimated aDd used in makilg the table.

(194749r fallow . 1950: failed; l95l : rejected-three plots nol recorded (greatest yield
87cwt); 1952-53: yields o[ spriDg-sown barley only: 1954: rejected-Eve plols not

recorded; 1955: trot iDcluded-lime applied.)

51
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WOBURN CLASSICALS

Liming. In 1955 dressings of ground chalk ranging from 20 to 50 cwt,
according to pH of the individual plots, were applied to both experiments
in order to bring all plots to about pH 6'0.

In 1956 and again 1957 further adjustments involving dressings ranging
from 7'5 to 15 cwt chalk were made to both experiments. In autumn 1963

the whole area (except for a 70-link strip on south-east of plots 4, 5, 6
crossing lla and l1b) received ground chalk at 46 cwt to bring pH to
about ?.

Fourth period, 1959{6
1959-61 All main plots divided to test Squarehead's Master wheat and

Plumage Archer barley with a basal dressing of 102 lb N.
1960-62 Ot part of plots 7, 8, 9, lla, Iib, on both Wheat and Barley

Sites microplot experiments were made to measure residual
effects of P and K against direct applications in the presence of
basal N. Barley and potatoes were gtown each year, sugar beet
in 196142. The microplots were on both sites in 1960, on the
Barley Site only in 196l and the Wheat Site in 1962.

1962 Spring oats, variety Condor with a basal dressing of 56lb N.
A further small area was allocated for microplots on soil
structure, occupying parts of plots 4, 5, 6, lla and I lb of the
Barley Site.

1963 Fallow except for strip of land on south-east of plot 6 of Barley
Site used for an experiment on soil structure using red beet.

1964 All plots sown to spring beans except for area used for soil
structure experiment.

1965 Fallow except for area used for soil structure experiment.
1966 Fallow except for area used for soil structure experiment. The

measurement of the residual eflects of the treatments applied to
the Classical experiments has now ceased and the sites were
made available for new experiments:
(i) north-west third of area for long-term phosphate experi-

ment;
(ii) centre third available for soil structure experirnents;
(iii) south-east third of area for intensive cereals experiment.
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