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HOOSFIELD CONTINUOUS
BARLEY R. c. wARREN and A. E. JoHNSToN

The Classical barley experiment on a 2|acre site in Hoosfield was started
by Lawes and Gilbert in 1852. The design ofthe main part ofthe experi-
ment is similar to Barnfeld. There are four Strips (l-4) with mineral
manures (O, P, KNaMg, PKNaMg), and across these are Series treatments
with nitrogen, none (O), ammonium sulphate (A), sodium nitrate (AA),
sodium nitrate * sodium silicate (AAS) and rape cake (C) (no\v castor
meal). Beyond the west end of the Strips are four plots, 1/N, 2/N (N as
sodium nitrate), 5iO (PK fertilisers) and 5/A (NPK, N as ammonium
sulphate). Two other plots, 6 and 7, were sited next to the south-east
corner of the Strips. Ashes, which were mixed with the fertilisers to assist
spreading, were tested on one half ofplot 6, the other halfwas unmanured.
Farmyard manure (FYM) was applied on all ofplot 7 until 1871, but to only
one half since. The AA and AAS plots with their present treatments
started in 1868. Tables I and 2 give details of the manurial treatments
and history of the plots.

Lawes and Gilbert described the results for the early years, 1852-83.
In three papers entitled "The Rothamsted Field Experiments on Barley,
1852-1937", Russell and Watson examined the results exhaustively and
compared them with those from other experiments with barley at Rotham-
sted, Woburn and other farms. They discussed the effects of N, P and K
fertilisers and FYM on yield, composition and quality of barley grain.
Variations in yields in diflerent seasons, the influence of rainfall, sowing-
date and the deterioration in yield of barley grown continuously are other
subjects they treated fully. Their comprehensive account includes results
of specialised studies on the Hoosfield experiment by Fisher, Frew, Hall
and Morison, Mackenzie, "Mathetes", Wishart and Mackenzie and Yates
and Watson. Hall et al., Dyer, Keen and Haines, Ziemiecka, and Warren
used the soils from the plots for various investigations, and Watson studied
the effect of nutrient supply on net assimilation rate and leaf area.

As Russell and Watson dealt so thoroughly with results up to 1936, we
shall only review work since then.

Recent crops

Only the crops for the most recent years, 1964-46, are discussed in detail
here, but Table 3 includes the yields ofgrain, lGyear means, for 1852-1963
together with full period means for straw for reference. Table 4 gives
yields for 19621-66. After the period dealt with by Russell and Watson
(1852-1936) several of the ammonium sulphate plots became very acid,
with serious effects on the crops from the early l9zlOs to the early 1950s.
To neutralise the acidity and prevent future acidity a liming scheme was
introduced in 195.1-55 Cfable 2).
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HOOSFIELD CONTINUOUS BARLEY

TAALE T
MANANAL HISTORY OF THE EOOSFIELD BARLEY PLOTS,

1852-1966

PIot Tr€attrreot

GAUGE or STANDARD SE&IE^t starting 1852 (so callcd by Laurcs and cilb.rt)
6ll Ul6aoured
512 Asbes
7II FYM
712 FYM

NO NITROGEN GROAP slaIl'iag 1852
l/O Unmanured
2lo P
3lO K Na M8
4tO PKNaMS
5/O PK

AMMONIUM-N GROUP starting lE52
l/A Nr
2IA NIP
3/A Nr K Na Ms
4lA NrP K Na Mg
5IA N,P K

(10 bushels ashcs iD 1872)
1852-1932 (except 1928-29) noDe sioce
1852-71 none sitrcc

(N also in 1852 only)

(N'PK in 1880 only)

NITRATE-N GROAP starting 1868

Previously !€ceived a.omonium-N 1852-57 at rate Nr: 1858-67 at tatc Nr
I /AA
2IAA

Nr
N,P

3/AA Ni K Na M8
4/AA NrP K Na M8

Startiog 1864 plots AA s/crc hslvrd, the balf oext to rhc C Scd6 rcceiv€d silicates
(1852, 1863 only the qusrtcr plot rcarest the C Series received rilicat6).

I/AAS Nl si
2/AAS N,P Si
3/AAs Nl K Na Mc Si
4/AAS NrP K Na Mg Si

Startiog 1853, EaNrEd in 1852 with PK
tAl Nr
2/N N, 185157 \ 1858-1966

CASTOR MEAL GROUP startir,,g 1852
tlc czlcPc
3lC KNaMeC
4lC PKNaMSC

Plot M The triangular pieoe of ground Io the West of plots 5/O 2,/N l/N t€ccived
P Na Mg 185!93 and plot then abandoDed b€cause of weeds
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ROTHAMSTED REPORT FOR 1966

TABLE 2
DETAILS OF MANTJRES, CULTIYATIONS AND CROPPING,

HOOSFIELD BARLEY, 1852-1966

Fertilisas atrd FYM applied aDnually.

Rates Per acre*

NITROGEN
AInmonium sulphat€ at 210, 420 lb. Thes€ rates (ND NJ supplied 43 and 86 lb N.
Before l9l7 a rnixture of equal weights of ammonium sulphale and am.@onium

chloride was used (except 1887, immonium sulphate oDly). In lml the mixed salts werc
compared with ammooium bicarbooate otr half of plots UA,2lA,7lA,4lA.

Sodium nitrate at 275, 550 lb. Thes€ rates (N1, N) supplied 43 lb and 86 lb N.
195,H6 Nr mte given to Maris Badger, Nr as usual to Plumage Archer.

PHOSPIIORAS
Superphosphate contaidng 2q-30 lb P, 6ffi9 lb PrOs (366 lb 18'5% PrO5 superphos'

phate).

From 1852 to 1887 superphosphate was made on the Farm from 20O lb calcined bone
dust atrd 150 lb sulphuric;id (sp, er, l'7). From t888 it was supplied ready made and
the weiaht adjusteil to give tie same amount of phosphorus as in tbe first period.
I 898-1 902 basic slag (,100 lb) us€d instead of superphosphate.

POTASSIUM
Potassium sulphate t852-t857 30[lb containing 120 lb K (t4! lb (!O)' 

1858. 1966 Xn lb cootaining 80 lb K (96 lb IqO)
Potassium dr€ssinss omitted 1917, 1918.

SODIUM
Sodium sulDhate 1852-1857 2N lb cantaining 28 lb Na- 1858-1 6100 lb cotrtaininS 14lb Na

MAGNESIUM
Magnesium sulphate l0O lb contairing l0 lb Mg
Magnesium dressings omitted 1917, 1918.

SODIUM SILICATE
1862-1867 2OO lb sodium silicate + 200 lb calcium siliete
186E 1966 4N lb sodium silicate

Analvses of sodium silicate: the chemical composition of the mixed silicates is not
known.'the sodium silicate used since l9o4 was t water-soluble powder with a w€ight
Iatio SiO' : Na'O of approximately 3.

FARMYARD MANURE
l4 tons

ASHES
1852-1916 20 bushels of the clay and weed-ashes as used to mix with the mineral

manures to aid their distributiotr
1917--t9J2 sifted ashes from the Laboratory fumace

CASTOR MEAL
1852-1857 z,No lb r^pe cake (probably supplied 98 lb N)
1858-1940 l.U)Olb.ape cake except 1917-20 (oorc available)
/9r'r-r954 1.000 lb castor meal
Tssi-1c66 ie;sht per acre adjusted for analysis so that total nitrogeo applied

equaled 43 lb N (1964-66, 86 lb N for Maris Badger)

. Plot Areas. The sizes of the plots were decreased in 1893 when paths-between Sdies
t 
"..*iainea 

a"a 
"ew 

Daths bdtween St ps were made; to maintaiD the mtes of nu'
trients per acre the manirres applied per plot were correspoodingly smaller.
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HOOSFIELD CONTINUOUS BARLEY

T BLE 2---ootiDu€d

LIMINC
To corr€ct acidity that had developed oo plots of st ps 3 ard 4 iocluding J/O, 5/A,

gound chalk (5 tons Cacor/acrc) was applied itr winter 195,l-55. To prevent further
acidity developing a schenre of quinquemial chalk applications lt.s introduced, the
amount based on tbe acidifyiDg efrect of the a-trrDorium sulphate (rm Ib CaCOr for
every 14 lb N as arnmonium sulphate) aod the castor me.l (50 lb CaCO! for every 14 lb
N as castor meal). First dEssing in spring 1955-

CULTIVATIONS

PLOUGHING AND FERTILISER APPLICATIONS. Previous crop stubble usually
shallow plouded in autumn. 1852-1915 plots again shallow ploughed u$rally in March
arer fertiliser aod FYM applied. Since l9l6 FYM applied b€tw€en Septehberatrd Januaqr
and plots then reploughed, tractor ploughing since l92l . Fertilisers theo applied usually in
March and worked io durinS seed-M p.eparation, discing, spriry tining, harrowinS.
Fenilise$ applied by manure distributor since l9l7 except N applied by hand, t898-
l9O2 the N was applied as a topdressing instead ofto the s€ed-bed, Plots usually drilled
in Merch

WEED CONTROL. Up lo l915 the plots were hadd hoed iD some years wheD badly
infest.d with weeds. 1929-32 plots were driUed with l8-in. ro*s to allow inter-row cul-
tit€tion. SiDce 1944 spring sprayinS us€d to control wds, 1944-56 DNOC, sincc
1957 va ous selective weedkillers. In 1958, 1959, 1961, stubble sprayed in autumn with
2,+D to check clitsfoot (ftsrr?ago farfara), alrd in 1962-6/. dalapon was used in
autumn to attempt to kill p€rennial grass we€ds. To control tvild oals (Avena iatua)
much of the greeo crop on each plor was cut and carted, leaving only a small area for
yield estimates in 1948, 1952, 1954, 1955, while in 1953 the wholc 6eld was cut green
and the produce removed. In recent years wild oats have been kept irr check by hand
pulling.

HARVESTING. Plots were originally cut by hand, they were first cut by machine in
l9l0 and then from l9l5 to 1957. She.ves from each plot wer€ stooked on that plot,
carted in a laige hessiaD she€t, stored and then threshed during the witrrer. Since 1958
plots harvested by combine-harvester, yield esrirnated by \reighing I or 2 cuts only,
rest clearcd as discard.

FALLOWING, Allplots vere bare fallowed in 1912, 1933, 1943 to help weed control.
In l9l2 the plots were plouShed and subsoiled io a N-S direction, i.e. across the strips.
On each fallowing occasion there wer€ a number of ploughings and many cultivations
both landwis€ and across the plots.

CROPPING
Except when fallow€d the plots carried barley each year. (In 1906 and 1929 srnall arEas

of each plot g!€w swedes.) S€ed rates varied from li to 3 bushcls/acae.

Yatieries I E52-l 880 C.heyaliq
188.1-1890 Archers Stiff Strawed
,69/-/897 Carters Paris Prize
.I89E-?916 Archers Stif Strawed except 1902-5 Halletts Pedigree Chelalier
1917-1966 Pl\rrJnage Arche\ 1927-j2, except 1928, Spratt Archer also

golln, 1964-66 Maris Badger also grown.

In 1908 the seed was treated with fomalin and in 1928 with Corvusine. From 1936
s€ed treated each year with vadous s€ed dressings.
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HOOSFIELD CONTINUOUS BARLEY

TABI,E 4
Yield of Plumage Archer (PA) and Maris Badger (MB) Hoosfield Barley

cwt/acre, mean 196,H6
Grain

Plot Treatment
No Nitrogen group
I /0 UDmanur€d
2IO P
3lO K Na Ms
4lo PKNaMg
5/0 PK
6ll Unmanued
612 Unmanured
7ll Unmanured

Ammonium-N group

PA MB PA MB

8.2 8.3 4.6 3.2
r1.3 1l-l 5.9 4-4
a-2 7-5 4-6 3.5
12.4 9.4 6.9 3.8
ll.6 9.3 7.2 5.7
1.2 5-7 4-3 2.1
9.9 7-2 5.3 4.1
13.3 8.6 8.7 5.4

1/A N
2IA NP
3lA N KNaMs
4lA NPKNaMS
5IA NPK

12.2
22-4
18.2
26.8
30.0

20.4
25.6
26.4
15.5
2t.l
26.0
29.6
10.5
17 8

22.7
25.5
23.5
21.6
36.6

14.5
2s.6
26.3
39.8
38.2

13.0
20.2
32.3
30.2
21.2
32.O
38.7
39.3

8.2
23.6

14.2
38.6
36.6
38.?
39.8

8.8
15.3
15.2
18.4
24.0

9.1
17.5
m.4
20.4
15.0
18.2
20.6
23.3
12-O
t3.4

15.6
16.7
15.6
19.4

9l
2t3
19.4
28.4
32.6

tt.6
17.3
28.8
24.8
18.4
25.4
36.9
34.5
14.4
18 7

21.3
25.1
23.8
21.3
30.7

Nitrate-N goup
I/AA N
I/AAS N Si
2IAA N P
2/AAS N P Si
3/AA N KNaMg
3iAAS N K Na Mc Si
4lAA NPKNaMg
4/AAS NPKNaMgSi
l/N N
2/N N

Organic-N groupycc
2lc cP3lc C KNaMs
4lC CPKNaMg
712 FYM

A change from the old variety, Plumage Archer, to a more productive
one was thought desirable, and in 1964 the plots were halved to compare
Plumage Archer and Maris Badger. The amounts of N applied, including
castor meal, were increased from 43 to 86 lb N/acre for Maris Badger, but
otherwise the manuring was unchanged.

In 19466 the yields of Plumage Archer were exceptionally good, even
when compared with 1932-41, one of the best lGyear periods (Table 5).
The NPK plots gave lH cwt more grain/acre and the FYM plot 10'5 cwt
more, but the plots without nitrogen yielded about the average for i932 41.

Table 6 shows that Maris Badger, with more fertiliser N, yielded lG-13
cwt grain/acre more on the NPK plots than Plumage Archer, but only 3

cwt more on the FYM plot, where both varieties received the same amount
of manure.

Maris Badger lelded less than Plumage Archer on plots not given
nitrogen (Series O) and on plot 7/1, which contains residues from the
FYM applied during 1852-71. After l87l yields on plot 7/l soon
diminished, but Russell and Watson reported that, even after 65 years, it
still yielded 3-5 cwt grain/acre more than a plot unmanured since the
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TABIT 5

Yield of Plumage Archer, Hoosfteld Barley

Graio, c$/t/ac.E
t93241 t9g-6

Plots with NPK mean tn€aD
4lA m.9 26.8
4/AA 21.8 26.0
4/AAS 23.r 29.6

Plot with FYM
712 N.l 36-6

Plors $irhout N
1/0
2lo
3/0
4lo

6.9 8-2
11.6 11.3
9.0 8.2
12.5 t2.4

experiment began. They could ofer no explanation of this longJasting
etrect of FYM residues. Warren showed that the soil ofplot 7/l contained
(in I 946) much organic residue from FYM applied last century and that this
decomposed very slowly. Of tlte organic N (1,500 lb/acre) in the residues,
only about l0 lb N was mineralised each year. Some 6lb entered the crop;
the rest probably mineralised too late to be used by barley and was lost
from the soil in drainage water. The FYM residues also contained avail-
able P and K, and Warren concluded that FYM had such an enduring
effect because mineral N is released so slowly from the residues, which also
contain available P and K.

Table 7 shows that these rcsidues increased the yield of Plumage Archer
but not of Maris Badger in 1964-66. T\ere is no true control for plot
7/l because it contains small residues of readily soluble PK from ttre
FYM, but Table 8 shows that the amounts are small and nearer ttrose in
plot l/O than plot 4lO. On plot 7/l Plumage Archer took up more NPK
than on l/O and 4/O, but Maris Badger did not, probably because N was
lacking. Tables 7 and 8 show that Maris Badger on the Exhaustion Land,
where amounts of PK residues are the same as on Hoosfield (7/1), used
the extra P and K and produced more grain and straw when given enough
fertiliser N. The mineralised N from the FYM residues is probably

TABLE 6

Diference in yield between Mafis Badger (MB) and Plumage Archer (PA),
Hoosfield Barley

G.ain, c*t/acre, lll€an 1964-66

Strip 0 A
t 0.t 2.3
2 0.2 3.2
3 0.7 8.1
4 3.0 13.0

0.8
6.1
5.7

12.1

Seaies

AAS

-o-23.8
10.9
9.1

c
I1.5
t 3.l
13.'
I1.,

5/O 5/A
2.3 8.2

611 612

-1.5 -2-7
326

Plots
1lt 112 l/N
-4-7 3.2 2-3

2/N
5.8
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TABLE 7

Efect of old restulues of FYM on yield and compotition of barley

Grain and straw, cwt/acre; NPK lb/arre
Hoosfield BarleY, mean 1964-55

Prot l/o 4lo 7lt --^:^!"t ^. ^-
f"f -*i"g nine pxliat"tg FY M excess over

t852-11 t/o 4lo
Plumage Arch€r

Grain
Straw

kr qop
N
P
K

Maris Badsercrain 8 3 9'4
Straw 1'2 3 8

13.3 5.1 09
8.7 4.r l'8

-0.40.7

-0.8
1.6

-0.1
- 1.0

-1.4

8.2 12.4
4-6 6.9

13.2 18.3
2.6 5.3
6.t 13.5

14.6 l3.l
2.8 4.1
6.3 9-2

I[ srop
N
P
K

8.4
2.3
8.1

21.6
4.9

14.2

8'6
5.4

13.0
3.1
7.8

0.3
0.6

- 1.6
0.3
t.5

Exhaustion l-and, mean 1964-56

Plot
Maduring l87Gl90l

1964-56
Maris Badger

Gmin
Sfi'aw

t3
none FYM

-_-._-78 lb N/asre/ycar

t1.z 34.214.0 26.0

3
excess over

I

2l.o
t2.o

Exp€rimetrt
Plot
Manuriog

Exhaustion I-atrd
t3

Non€ FYM
187G1901

TABLE 8

Efect of okl resitlues ol FYM on readily soluble P and K in soil

Hoosfleld
l/0 4lo 1ll

None PKNaMg FYM
1852-71

P soluble in 0'5M-NaHCO' mg/100 g

0.5 12'6 r'2 04 t'6

K soluble in l.lv-ammonium acetate m8/100 g

a.7 43.3 l2'l 8'6 ll'6

produced too late in the season for Maris Badger, and this also restricts

the uptake of P and K.
The faiture of Maris Badger to measure the available nutrients from the

FYM residues is relevant to the immediate future of plot 7/1. No infor-
mation will be obtained from the plot when the new variety of barley is
grown. The plot could be omitted from the exPeriment and used to study
ihe residues in detail. Kale and sugar beet would probably make more use

ofthe N released later from the residues, and it would be interesting to see

whether adding an energy source to the soil would increase the mineralisa-
tion of the organic nirogen.
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Maris Badger, a stiffer-strawed variety than Plumage Archer, is better
suited for larger amounts of fertiliser N. Table 4 shows tlat, given pK
also, 86 lb fertiliser N/acre increased its yield by 30 cwt grain/acre, plumage
Archer increased its yield by only 15 cfi when given 43 lb N/acre. Table 9
shows the increases from P and K fertiliser. Because the amounts of

TABLE 9
Increase in barley yield from PK fertilisers

Means of A and AA series, Hoos6eld Barley
8rain, cwt/acre, meao 1964-66

Plumage Archer Maris Badger
(43 lb N/acre) (86 lb N/ade)

Iocr€as€ from
P (in presence of K)
K (in pres€ncc of P)

fertfiser N differed, the figures do not give a quantitative comparison of
the responsiveness of the two varieties to P and K, but it seems that
Maris Badger used fertiliser K more effectively for producing grain.
With the same quantity of fertiliser K and twice the fertilis€r N the in-
crease in Maris Badger from K fertiliser was four times greater than in
Plumage Archer; for P the difference was only 501.

Sodium silicate is a treatment of sp€cial interest in the Hoosfield experi-
ment. In 1964-66 its effect on yield was shown most convincingly by Maris
Badger. Table l0 compares the yields of the two varieties with sodium
Ditrate alone (Series AA) and with sodium silicate (AAS).

TABIT IO
Efect of sodium silicate, Hoosfeld Barley

(Maris Badger (MB) Plutrlage Archcr (pA))
8rain, cwt/acre, m€ao 1964-66

Series
AAS

A{ (sodium nitrate -l Inqease from
(sodium ni(rate) sodium silicate) sodium silicate

,5 5
10.4

9.6

Strip Fertiliser
l0
2P
3 KNaMg4 PKNaMS

MB PA
r3.0 t2-2
32.3 25.6
2t.2 15 538.7 26.0

MB PA MB PA
20.2 m.4 7.2 8.230-2 26.4 -2.r 0.832-O 2r.r 10.8 5.5
39 3 29.6 06 1.6

Yield of Maris Badger was increased greatly by silicate only where super-
phosphate was not given, and this interaction was less evident with
Plumage Archer. To account for the efect of sodium silicate, Lawes and
Gilbert suggested that it made some of the phosphorus locked up in the
soil available to barley. However, Hall and Morison decided fuat the
action of the silicate was on the plant, not the soil, and that the silicate
facilitates the uptake of phosphorus. Fisher examined further plant
analyses for P and supported Lawes and Gilbert in concluding thai the
silicate acted on the soil to make more phosphorus available, but proof
based on soil analyses was still lacking.

Table ll shows the percentage of P and the total content of the t$o
varieties in 1964 aod 1966. Little or no eflect is expected from silicate on
328
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TABLE 1I
Efect of sotlium silicate on the phosphorus percentage atd contmt, Plumage

Archer and Maris Badger, Hoosfield Barley
:4 P in gr ln dry $atter, 1964 and 1966

stp
I

4

!
2
3
4

t

3
4

ManuriDg l9A $66 1964 1966 gA 1966None 0.328 0.310 0.375 0.356 O.M1 0.046P 0.408 0.372 0.&1 0.371 _o.0ol _o.ool
K Na Mg 0.333 0.306 0.369 0.360 0.036 0.054

P K Na Mg 0.382 0.383 0.392 O.&4 0.010 0.009

Maris Badger
0.304 0.266 0.314 0'1290.385 0-414 0.386 03900.288 0.258 0.335 0.155
0.,104 0.381 0 408 0.,101

P content of crop, meatr of 1964 and 1966
lb elemeDt/acre

PA - Plumage Archer
MB - Maris Badger

AA AAS

None
P

KNaMg
PKNaMg

Plunage Archer

AA AAS
Incrsse from

silicate

0.010 0.063o.ml -0.0240.047 0.108
0.004 0 020

PA MB
7.9 7.211.8 13.27.8 11.6
12.6 18.3

plots given superphosphate each year. For the plots without superphos-
phate, the two results, (1) extra yield of grain, and (2) the increase in p
per cent in the grain, taken together provide good evidence that sodium
silicate increases the amount of available P, but dfuect evidence from soil
studies is preferred.

N, P, K, Na, Ca, Mg were measured in the 1964 and 1966 crops of both
varieties from all plots. Table 12 shows the amounts of the elements re-
moved in the crops from plots of Series O, A, AA, AAS, C on Strip 4 and
from 712 only. Given the same quantity of FyM (plot 712), ahe two
varieties contained almost identical amounts of the elements (mean yields
1964, 1966 were Plumage Archer 36.6; Maris Badger 39.8 cwt grain).
Where Plumage Archer received 43 lb N and Maris Badger 86 lb N/acre,
the form of nitrogen, ammonium sulphate or sodium nitrate. did not
affect the uptakes of N. The recoveries of fertiliser N in the ciops were
Plumage Archer, 58%; Maris Badger, 69'%. Lawes and Gilbert found
4Ol of tbe added N was recoyered in the crop; Russell and Watson re-
ported values between 1919 and 1923 of 401, and between 1924 afi 1928
of 29\, when yields were also smaller.

Most of the nitrogen in castor meal is mineralised quickly in the soil,
and the amount taken up by the crop equals that from ammonium sul-
phate and sodium nitrate with 43 lb N/acre, but is a little less with 86 lb N.
The effect ofresidues from rape cake measured in the Hoosfield and Barn-
field experiments, l9l7-21, were small.

On the fertiliser plots Maris Badger, with the extra N, removed about
329

PA MB
None 3.9 4.2P 10.6 14.4

K Na Mg 5.1 6.0
P K Na Mg 10.0 17.2

Increase flom
silicate

PA MB
4.0 301-2 -1.22.'t 5.62.6 l.l
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TABLE 12

Amounts of N, P, K, Na, Ca, Mg removed in uops of Plumage
Archer and Maris Badger, Hoosfield Barley

Graitr + staw, mean of 196+ atrd 1966. lb element/acre

PA, Plumage Archer, 43 lb N/acre/year
MB, Maris Badger, 86 lb N/aqe/year

Plot

4lo

4/AAS
4lc
712

4lO PKNaMS
4lA NH.-N P K Na Mg
4/AA NO3-N P K Na Mg
4/AAS NOj N P K Na Ms Si
4lC Org-N P K Na Mg'712 FYM

Treatment PA
43 lbN

P K Na Mg l8'3
NH|-N P K Na Ms 44'3
NO! NPKNaMS 42.2
NO,-N P K Na Mg Si 47.1
Org-N P K Na Mg 41'7
FYM 67.8

PA

4-r 13.5 9.2
17.5 30.4 49.4
t7.2 28.0 47.4
18.3 34.7 s3.2
18.4 32.2 48.7
18.3 61.0 58.7

MB
86 lbN

l5.l
T.a
74.5
12.8
68.4
70.1

PA

5.3
11.2
10.0
12.6
11.8
17.6

Ca
0 3 2.4 1.5
1.5 6.3 t0.z
5.1 5.5 10.6
9.9 7.r tz.O
1.6 5.8 9.4
1.7 10.0 10.0

Mg
0.5

2.3
4.3
l.l
2.2

1.8 1.4
3.9 6.2
3.4 6.0
4-6 6.8
4.1 68
5.5 6.0

6lb more P and 19 lb more K per acre than Plumage Archer. The figures
for the other elements are: Na 3-6 lb, where sodium nitrate and sodium
silicate were given (but none otherwise), Mg 2lb, Ca 5 lb. The uptakes
of Na from sodium nitrate and sodium silicate were small, and the Na in
them (74 and 60 lb/acre respectively) did not significantly lessen the uptake
of K, which is in accord with the results of Bamfield and Park Grass.

The soil
The soils at Rothamsted are mainly derived from "Clay-with-Flints"
which overlies chalk at various depths. The soil carrying the barley experi-
ment on Hoosfield belongs to the Batcombe Series (undiflerentiated) as

classified by the Soil Survey of England and Wales. The field is on a level
plateau where the "Clay-with-Flints" is thick and the soil has a flinty silt
loam or loam surface. Like several of our other old arable fields, Hoos-
field was given a large dressing ofchalk in the early part ofthe last c€ntury,
when the practice was to dig out the underlying chalk and spread it on the
arable land. Detailed surveys for pH and CaCO" of Broadbalk and Hoos-
field, made around 1954, suggested that these early large dressings were not
applied uniformly, contrrming, for Hoosfield, Russell and Watson's
surmise from a few measurements of pH made in 1932.

The amount applied lessened with increased distance from one side or
corner ofthe field, so that some parts had 10-15 tons more chalk per acre
than others. This difference would not affect the yield ofcrops in the early
years, but parts of the field with the smallest reserves of CaCO. to replace
calcium lost in drainage water and removed in crops would become acid
soonest. The onset of acidity would be hastened by ammonium sulphate
and to a lesser extent by rape cake or castor meal. Table 13 shows the
CaCOa contents of soils of the plots of the Barley experiment in 1946, and
330
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indicates that the early chalking was not uniform. Most cacor (0.8-1.7 zJ
was within the O, A, AA and AAS Series of Strips I and 2. Beyond this
in the direction of the C Series and towards Strips 3 and 4 CaCO, content
diminishes abruptly. More detailed soil sampling and analysis done in the

TABLE 13

Percentage CaCOs in nrface soils, 0-9 in., Hoosfuld Barley, 1946

(!IA)o'0/' (J/0)O08 (2//v)Ol0 (1/rv)0 09 Series
0.0r 0.m 0.04 0.17 c

t.t1 0.E0 i

l.7o 1.48 i
(712)048 (612p.07
(7/1p.t4 (6.tp.08

Strip

1950s showed that sharp changes did not coincide with the boundaries
between Series C and AAS and betrveen Strips 2 and 3, ammonium sul-
phate and castor meal had, as expected, increased the irregularities. In 1946

the c€ntres of plots 3/A, 4/A and 5/A (all receiving ammonium sulphate)
were already acid.

A second iregularity in the soils has come about since the experiment
began by movement of soil across plot boundaries during cultivations.
More such movement on Hoosfield than on the other Classical experi-
ments probably reflects the intensive cultivations given during the early
fallows before weeds could be controlled with chemicals. Cultivations
were done both along and across the plots. That much soil had moved in
this way became apparent in 1949, when the crop in the centres oDly of
three ofthe five ammonium sulphate plots (3/A,4/A, 5/A) were poor and
discoloured from acute soil acidity. Crops were normal on the other two
plots given ammonium sulphate (l/A, 2/A), where there were reserves of
CaCO.. In the early 1950s soil samples were taken, closely spaced (about
I ft), in lines across the plots ofthe O and A series and several other plots
to measure tle extent of soil movement. Table 14 shows the changes in
pH and total P across an ammonium sulphate plot (4/A). There were

TABLE T4

Change in pH and Total P aooss Plot 4lA Hoosfield Barley, 1954

0.16
0.17
0.00
o20

4

o.14
0.38
0.06
0.t4

3

AAS

0

Path
1.1

61

Path
pH (in water) 70
Total P mg/

l0O g 88

Surfacc soils 0-6 io.
Plot 4/A

6.0 5.4 5.1 4-9 4.8 4.9 5.1 5.8 6.9 ?.5

ll0 lt8 122 t25 126 125 120 ll0 90 70

about 50 samples across each plot, and the results of analysis when plotted
gave surprisingly smooth curves. For ease of presentation the results are
condensed to 12 values for each kind of analysis. The paths between the
strip treatments are fortunately wide, about 51 ft (8 links); they are culti-
vated but uncropped and unmanured since 1893. The figures for pH
show that some of the slightly calcareous soil of the paths has been drawn
into the plot. We canDot be sure that the centre has not been disturbed,
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but if it has the amount is likely to be small, because the pH over the
central third of the plot changes little (0.2 pH unit). The flgures for total
P suggest the same amount of soil movement as do the pH values. Much P
has been taken from the outside thirds of the plot into the paths (P contents
of the undisturbed paths should be 40-50 mg P/100 g). AIso, soil analysis
showed extra P for a distanc.e of several yards into the no P plots (6/2,
3/A) on either side of 4/A. The other plots examined showed approxi-
mately the same amount of soil movement. It must be stressed here that,
for many years now, precautions have been taken to minimise the carry-
over of soil; cross cultivations are avoided where possible, and ploughing
is done so that the soil is turned in opposite ways on successive occasions.
The results in Table 14 suggest that satisfactory soil samples could be
obtained from the central third of the plot, that is by discarding 7 yd on
each side and at the ends of the plots. When the 1946 soil samples were
taken a surround of about 5 yd was discarded; the analyses of these
samples are therefore probably subject to errors of a few per cent.

Because of the acute acidity on some of the ammonium sulphate plots

TABLE 15

Soil reaction and organic carbon and nitrogen content of Hoosfield
Barley soils, 1965

Surface soils 0-9 in.

Plot Treatment
No nitlo8ed group
U0 Urunanured2lo P3/0 K Na Mg
4lO PKNaMg
5io PK
6ll Unmanu.ed
612 Unmanured
711 Uamanured

Ammonium-N group
I/A N
2IA NP
3lA N KNaMs
4lA NPKNaMS
5/A NPK

pH
io watet

7.9
7.8
?.8

7.1
6.1
6-2
6.6

8.0

7.5
6'7
6-2

0.81
0-82
0.91
0.97
0.96
0.97
096
1.32

0.92
0.91
1.01
0.98
0.93
0.89
t.02
0.90
1.02
1.03

t.t7
l.l0
1.08
ll0
3-31

Orgadc Total
c$bon (%) N (%)

0.101
0.097
0.107
0.110
0.108
0.1t 1

0.109
0.139

0.86 0.108
0.90 0.107
0.90 0.106
0.90 0.100
1.03 0.113

Nitrate-N goup
I/AA N
1/AAS N Si
2IAA N P
2/AAS N P Si
3iAA N KNaMs
3iAAS N K Na Mg Si
4/AA NPLNaMg
4/AAS NPKNaMssi
I/N N
2/N N

8.1
8.1
7.9
1.9
8.0
Il
7.5
7.5
6.8
7.8

6.9
6.5
7.1
6.9
1.8

0.1l0
0.108
0.114
0.110
0.108
0.102
0.109
0.t01
0.1l5
oltT

o.129
0.117
0.114
0.118
0.304

Oryanic-N group
rlc
2lc
3lc
4lc

c
CP
C KNa Mg
CPKNaMS
FYM
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and slight acidity elsewhere, a scheme of liming was introduced. In the
winter 195+55,5 tons chalk/acre were applied to Strips 3 and 4, including
plots 5/A and 5/O. Regular chalk supplements were prescribed for all
plots receiving ammonium sulphate or castor meal; these were 100 lb
CaCO"/l4lb N as ammonium sulphate and 50 lb CaCOr/l4Ib N as castor
meal. Ten years later in 1965 the soil reaction ol the chalked plots was
still satisfactory, except plot 5iA (pH 6'2). Table 15 shows the pH values
for all plots in 1965. Plot 5/A requires an extra dressing of chalk, and
several other plots (e.9. 6ll,612,7/l), which did not need liming when the
19521-55 scheme began, are now slighfly acid. It is therefore time to start a
new scheme for liming at regular intervals.

Surface soil samples, 0-9 in., were taken in 1965 from within the least
disturbed area at the centre of the plot. Tables 15, 16 and 17 show pH,
content ol organic carbon and total N, and the amounts of soluble P (by
four methods), soluble K (three methods) and soluble Na (one method).
Total P was not determin€d.

TABIT 16

Readily soluble phosphorus in the surfoce soils, Hoosfield Barley, 1965

P soluble in
Acetic acid-

0 0lM{acl, O'sM- sodium
(g mols/ NaHCO' 03N-HCI acetatepH4'8

litre x l0-') (mg/100 g) (mg/100 s) (ms/100 g)Plot Treatment
No oitrogen $oup
U0 Unmaoured
2lo P
3/0 K Na Mg
4lO PKNaMSslo PK
6ll UDmanured
612 Unmanu.ed
7ll Unmanured

Ammonium-N group
IiA N
2IA NP
3lA N KNaMs
4lA NPKNaMg
5/A NPK
Nitrate-N group
I/AA N
I/AAS N Si
2IAA N P
2/AAS NP Si
3/AA N KNaMg
3/AAS N K Na Mg Si
4/AA NPKNaMS
4/AAS NPKNaMsSi
I/N N
2/N N
Orgadic-N group
tlc c2lc cP
3lC C KNaMs
4lC CPKNaMs
712 FYM

0.2
5.4
0.3

18.4
0.3
0.3
0.4

o.2
6.2
0.2

14.4
tt.4

o.2
o.2
6.2
4.5
0.1
0.4

19.1
11.4
o.2
0.3

05
7.8
0.9

12.6
12.8
0.6
o.7
t-2

0.4
a.2
0.4

10.3
ll.9

0.4
0.4
8.6
5.9
0.4
0.4

11.0
7.2
0.5
1.3

1.5
tt.7

1.9
11.5
lo.2

0.6
39-4
l.t

38.1
27.5
0.3
0.6
l.l

0.6
44.O
o.2

4.3
21.6

0.7
1.1

41.6
47.4
o.7
1.0

29.8
34.1
0.5
1.1

o.2
16.6
0.2
8.6
55
0.1
0.1
0.2

0.2
15.3
0'l
3.6
2.5

o.z
o.4

14.6
19.2
o-2
0.3
7.8

t2-5
0.1
o.2

0.4
24.6

1.0
22.O

l.l 0.3
34-5 4.9
1.6 0.4

32.8 5.5
33.3 15.0
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TABLE 17

Readily soluble potasstum and sodhan in the mrface soils, Hoosfield
Barky, 1965

LV-
a.mmonium OOIM- 0.31V-

acctate CaCl' HCIPlot TreatmeDt

No nitrogen group
!/0 Unmanured 5-7 5.r

4.4 4.7
38.8 5.1
15.4 4-5
14.7 4-6
6-3 4.2
5.5 4.r
7.4 4.8

Na mg/l00 g
soluble in

lN-
armnonium

acetate

9.4
t7.t
t0.I
15.5
12.3
to.2
15.2
16.0
16.4
13.1

2lo
3/0
4lo
slo
6lr
612
1lr

8.7
7.1

49.6
43.3
42.4
l0.l

8.8
12.1

7.2
6.2

43.0
36.2
q.6

6.8
70
6.7
6.3

45.8
44-4
41.0
t58

7.1
8.4

102
8.3

4t.4
38.4
75.8

l.t
0.8

16.1
14.3
r 3.9

1.9
1.6
2.0

P
KNaMg

PKNaMg
PK
UDmanured
Unmanured
Unmatrured

AmInoDium-N group
I/A N
2IA NP
3/A N KNaMs
4lA NPKNaMS
5/A NPK
Nitrate-N group
I/AA N
I iAAS N Si
2IAA N P
2/AAS N P Si
3/AA N KNaMg
3/AAS N K Na Ms Si
4lAA NPKNaMg
4/AAS NPKNaMgSi
I/N N
2/N N

Orgalic-N gloup
rlc c2lc cP
3lC C KNaMg
4lC CPKNaMS
712 FYM

t 0 4.8 7.1
o-1 3.9 6.0
14.9 34.3 5.3
12.1 29.4 6.9
11.6 31.8 3.8

0.9
o.7
0.8
06

14.0
14.8
t4.7
t2-4

1.1
1.2

1.9
1.5

14.9
12.3
28.8

4.6
4.3
4.1
3.6

35.9
34.6
34.2

4.5
4.9

6.6 4.8
5.3 4.9

34.6 4.O
36.2 I1.1
60.5 5.2

Totel N ad organic mrtter. Table 15 shows the N content of the un-
manured plot is the same as for many years past at about 0.10 % N, and the
NPK fertiliser plots contain the usual small extra amount (0'01 % 19.
The N in the FYM plot Ql2), however, increased during the past 20
years more than was expected (total N in 1946, 0.271; 1965,0.30/),
probably because the extra cultivations in the early 1930s and the intensive
cultivations during the fallow year, 1933, oxidised more organic matter
than when the field is cropped. A similar extra loss was noted on Broadbalk
after the fallo\ving scheme was introduced in 1926. The organic residues
from FYM applied last century on plot 7/1 continue to decrease slowly:
between 1946 and 1965 the mean annual rate of loss of N was the same
as between l9l3 and 1946. There is a similar slow decomposition on the
old FYM plots of the Exhaustion Land.

Potassium anll sodium (Table 17). The potassium analyses show the
expected effects, large accumulations from K fertilisers, much larger from
334
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FYM and litde or none from castor meal. Table l8 shows the amounts of
K soluble in l{-ammonium acetate for the Series treatments O, A, AA,
AAS and Strips 1-4. As was found by analysis of the Barnfield soils, the

TABLE lt
Efect of sodium on ,he rcadily soluble K in the sudace soils,

Hoosfield Barley, 1965
K solublc io llv-adunoDium acetatc, mg/100 I

Series

Strip
I
2
3
4

Nas

Trcatment Nalb/acre/yea.
Unmanuaed
P

KNaMg
PKNaMg

OAAAAAS
(NHISO. NaNOr NaNO!

Sodium silicate

Without With
0074 134

09717
o7676
14 $41 46 4
l4 41 16 4t 36

Na (74 lb/acre) in sodium nitrate (Series AA) has not conserved soil K
any more than has ammonium sulphate (Series A). Even the extra
amount of Na in the sodium silicate (60 lb Na/acre) given to Series AAS
has not affected removal of soil K. Soil not given K on Hoosfield has
only about half the soluble K as corresponding soils on Barofield. Where
K has been applied the amounts of readily soluble K in the soil are much
the same, but the greater amount of K given on Barnfield, 200 lb (Hoos-
field 80 lb), has either been removed by the crop or fixed in non+xchange-
able forms. The plots on both fields given only FYM receive the same
amount each year, but the one on Hoosfield now has 501 more soluble K
than the one on Barnfield.

As on Barnfield, smaller amounts of Na than K are retained in an
exchangeable form in the soil. On Hoosfield the sodium soluble in N-
ammonium acetate ranges from 4'0 to l7'1 mg/100 g soil. On Barnfield
the range is 0',t-5'8 mg/100 g. On both fields the increase on the plot
given only FYM is about the same,0'6 mg/100 g. It is not known why
soils on Hoosfield have more exchangeable Na than on Barnfield when
Na is added as fertiliser, the root crops on Barnfield may have removed
most of the available Na, whereas barley takes up much less.

Phosphorm. Table 16 shows the amounts of soluble P determined by
four methods that have been widely used to measure the P status of soils.
The soils of the current Classical experiments contain either very small or
large amounts of P, so are not suitable for testing empirical methods of
analysis used to give advice on phosphate manuring. The larger amounts
in the Classical experiments should, however, be an advantage in studies
of the effects of manurial treatments and variable soil factors on the
phosphate residues in the soil. It is reasonable to suppose that such effects
would apply to the soils with small to medium amounts of P on com-
mercial farms, and the information gained from the rich soils would be
useful. The analyses for P in the soils of the five Series (O, A, AA, AAS,
C) on Strips 1-4 are arranged in Table 19 to show how differences in
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CaCO3 content of the Hoosfield soils aflect the amount of soluble P. The
CaCOB content of the soils, shown in Table 13, are used to divide the
plots into the two groups used in Table 19. No precise percentages
CaCO" are set as the limits of the two groups, because during the long
period phosphate accumulated in the soil the CaCO, content gradually
deueased by losses of Ca. A diflerence in CaCO, like the one indicated
must have existed betwe€n the two groups of plots for many years. The
four plots of each Series except C are divided equally between th6 two
groups; all plots of Series C are in the group \yith little or no CaCOr. As
expected, the soluble P in all plots without superphosphate (Strips l, 3)
is so little that the chances of detecting an etrect of CaCO" are negligible,
In contrast, there are large effects on soluble P in all plos with super-
phosphate (Strips 2, 4). With two of the methods of analysis (0.01]11-
CaCl, and 0.5M-NaHCO3), the extra CaCOs in Strip 2 has decreased the
solubility in CaCl, to one-third and in NaHCO3 to three-quarters. Soluble

TABI,E 19

Efec, of CaCOx and sodium silicate on readily soluble P in the
surface soils, Hoosfield Barley, 1965

Strip I 2
P fertilis€I O P
CaCO' l-Lfl

P soluble in 0.01M-CaCl, g mol P/litre x lO.

34
OP

AA without silicate 0.2
AAS with silicate 0.2

03 216.0 02 t46.0 0.1 19

Series

o

Mean
c

o

o.2
0.2

5.5

0.2
4.5

5.5
04 l1
02 16

I

CaCOI

P soluble ia 0.5M-NaHCO. mg P/100 go 0.5A 0.5
AA without silicate 0.5
AAS with silicate 0 5

7.5
8.0
8.5
6'0

7-5

I1.5

1.0
0.5
0.1
0.5

0.5
2.0

o-2
0.1
0.2
0.3
0.2
0.4

t3
r0.5
ll
7

10.5
.5

8.5
3.5
8.0

12.5

8.0
5.5

0.5

1.5

o.2
0.2

P soloble in acetic acid-sodium acetate pH 4.8 mg P/100 g

AA without silicate 0.2
AAS with silicate 0,4
Mean O-2

16.5
15.5
t4-5
19.0

16.5

5.0

P soluble io o.3/V.HCI mg P/100 g

c

o
AA without silicate
AAS with silicate

03

38
24
30
34

33

39
44
42
47

4r
34

0.5
0.5
0.5
1.0
0.5

1.0

1.0
0.2
0.5
1.0

0.7
1.5
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P in the two acid solvents show effects in the opposite direction; twic€ as
much P was dissolved by acetic acid-sodium acetate from soils of Strip 2
and 1.3 times as much by 0.3N-HCI. On Series C, because the plots on
Strips 2 and 4 both have little or no CaCO", there is no difference in
soluble P by any of the methods. No chemical explanation of these CaCO"
effects can be deduced from these simple tests, but the effects merit
further study, especially with respect to: (l) soils with small P residues;
(2) the adverse eflect of overJiming and iregular distribution of liming
materials on P soluble in calcium chloride and sodium bicarbonate; (3) the
improvement of simple methods of soil analysis designed to give informa-
tion on phosphate manuring. One other result ofinterest in Table 19 is the
effect of past acidity on plot 4/A. The change to less-soluble phosphate
(in weak acids) during the period ofacute acidity has not been fully reversed
during the l0 years since chalking in 19521-55. The soluble P in the two
acid solvents is appreciably less (acetic acid-sodium acetate, 3.5;0.31r'-
HCL24 mg P/100 g) than for the plots of other Series (O, AA, AAS) on
strip 4.

Sodium silicate has increased the yield of barley on the plots without P,
but not on those given superphosphate, since it was first applied in 1862.
It seems that the silicate increases the availability of the small amount of
P in the plots not given any. It is not expected that simple methods for
measuring soluble P would detect any change with certainty, but again it
is reasonable to expect that the silicate would also react with the larger
amounts of P in the superphosphate plots. Soluble P measurements on
these would be therefore more rewarding. Any increase in available P on
these plots would not alter barley yields, because a generous dressing of
superphosphate is given to the crop each year. Table 19 shows the effect
of silicate on soluble P, measured by the same four methods used to
detect the effect of CaCOr. As was noted on the effect of CaCO3, the
methods divide into the same two groups by showing differences in oppo-
site directions for the effect of silicate. With 0.01M-CaCl, and O.5M-
NaHCOr, the amounts of soluble P are much less for silicate plots (AAS)
than for others (AA). With acid solvents, the soluble P is significantly
more for the silicate plots. As with CaCOs, no chemical explanation can
be given of the sodium silicate effects from these simple tests, but they do
establish that sodium silicate alters the solubility of soil phosphate.

The effects on soluble P by CaCO, and sodium silicate reported here are
not because of differences between the total P conteDt of Strips 2 and 4.
Although total P has not been determined recently, the differences were
small in 1946 and cannot have changed much since.

Extending the use of the Hoosfield Barley Experiment Even with the
more productive modern variety of barley, the experiment on Hoosfield
was not expected to give much new information. Changes have therelore
been proposed. Part of the site will have a rotation of different crops,
and provision will be made for testing soil sterilants. These changes will
allow barley grown continuously to be compared with barley after other
crops, and allow losses from soil-borne diseases and pests to be estimated.
To improve the continuous-barley section, several different amounts of
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fertiliser N will be tested. The area under a crop rotation includes part
of the sodium silicate plots, so that effects on crops other than barley will
be forthcomi ng.
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