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BROADBALK WINTER WHEAT

The first experimental crop of wheat was sown in autumn 1843 and harvested
in 1844. Every year since then h,heat has been son,n and harvested on all or
part of the field, The manudal treatments compared were organic manures
(farmyard manure and rape cake, later replaced by castor bean meal) and
inorganic fertilizers supplying the elements N, P. K, Na and Mg in various
combinations. For the first few seasons these treatments varied somewhat but
in 1852 a permanent scheme was established and this has remained largely
unaltered. in the early years the field rvas ploughed in'lands'by oxen (later
by horses) and all the crop from each plot was separately cut with sickles, bound
into sheaves and carted into the barns to alvait threshing. Wei8hts of Brain
and stra$'were recorded and samples kept for chemical analysis. (Many of
these samples are still available and some have been used in recent
investigations as'pre-pollution' standards.)

Nou,Broadbalk is ploughed by a tractor-mounted reversible plouSh and
han ested by a combine harvester; only the central strip of each plot is taken
for yield and samples. The rvheat seed is treated $,ith insecticide and fungicide
and the grorving crop is sprayed to control aphids and foliar fungus diseases
except on Section 6. (See plan).

B/oadldlk (see plan on opposite page)

Cr,,ppr,rs (each )e.tion mdy be falloned il necessary to control weed\)
Seclion 0 continuous wheat, slrarv rncorporated since autumn I986.
Sections 1, 9 continuous wheat.
Section 6 continuous w,heat, no agrochemical sprays except weedkillers.
Section 8 - continuous wheat, no u'eedkillers-
W40: 4{hh croo since last fallow.
Sections 2, 3, 4] 5, 7 five-course rotation: fallow (F), potatoes (P), wheat (W1), wheat
(W2), u,heat (W3).

Drcssings it n lt?nl
All manure. are applied annually to all \ections e\cept:
(i) Fallow receives no 'Nitram'
(iD Magnesium - see below.

Or.qa,,rcs (applied before ploughing)
FYM 35 t ha ,farmydrd mdnure {from bullocls)
C Castor meal (about 57" N) to supply kg N ha I (about 1.9 t meal

ha '), last applied autumn 1987

Mnrerrls (applied before ploughing)
lr 15 lg P haras triple superphosphale (4790 P.O.), \rn8le super-

phosphate (lq% P.Ol) unril lc87
K q0 Lg K ha as sulphate of poldsh (50% K.O)
Nd l5 kg Na ha I as sulphate o[ soda (l4olo Na) to plot 12 only
MB 30 [.9 Mg ha I as Lieserite llb.8o/o Mg) to plot 14 irnly

35 kg Mg ha ' as kieserite every third year (1989, 1992) to other plots

Na 15 lg Na ha I to plots 5, 6,7, a,9, 15, 16, 20 (and at 7.5 k8 Na ha I

to plols 17, l8) discontinued 1974

Nilro8.,r
18 kg N hr di '\itrdm in dulumn 1,, pl,,l. 17 dnd 18 in dllernatc
\pa\r,n( tt,' pl,,t l8 fr)r Icql N'hedlj not dpplied lo potdtue.)

D/cssi,,*s i,r spli,,g
1,2,3, 4,5,6 'Nitram' supplying 44,96,744, 192, 240, 248 kg N ha ' as a single
application in April
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BROADBALK
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Weeds were controlled by hand-hoeing in the past. When this became
impracticable five strips ('Sections', later increased to 10) crossing all the plots
at right angles were made and bare fallowed, mainly in a S-yeir rotation of
fallow with four successive crops of wheat. Now chemical weedkillets are used
on all Sections but one (Section 8) which has never received any-

Effe(tive control of weeds by sprays eliminated the need for baie fallowing
and the five Sections were halved. Sections 0,1 and 9 were returned ti
continuous wheat in"1,952, -\967 and 1959 respectively. On Section 0 the straw
on each plot has been chopped after harvest and incorporated into the soil since
autumn 1986. On all other Sections it is baled and removed. On Sections 2,
3, 4, 5 and 7 the crop rotation fallow, potatoes, wheat, wheat, wheat is practised;
Section 6 is again in continuous wheat after fotlowing the rotation fallow, wheat,
rvheat from 1968 to 1979, it receives weedkillers but not the other agrochemical
sprays used on the other Sections.

ln his first Rothamsted paper, pubtished in 1842, J-8. Lawes described the
Broadbalk soil as a heavy loam resting upon chatk, capabte of producing good
wheat when well manured. Similar land in the neighbourhood farmed in
rotation would yield about 22 bushels of wheat per acre. In weight this is about
1.5 t ha 1. At present the plot that has received neither manuie nor fertilizer
since 1843 yields about 1.2 t ha l after continuous wheat, 2.6 t ha I in rotation
(Table 1). Where nutrients are plentifully supplied by farmyard manure (FyM)
or fertilizers continuous wheat yields no* average 6 to 7 i ha-1, almost three
times the yield of the same treatments in the early years. These differences
reflect the improved varieties, cultivations and conkol of pests, diseases and
u,eeds that have been introduced on Broadbalk (and on English farms generally)
especially in the last ,10 years. For most treatments the wheat after alwo-year
break now yields about 2 t ha I more than the continuous wheat.

BROAOBALK
mean y@rds ol grain (95% D M )

Fl.nder. Brim.tone
1979-tgaa

,u

0 4a s6 144 192 o 4a 96 144 152 244 2AA
kgha,

NITFOGEN IN FEFTILIZEF

A--.il Continuous whed H After two-year break
open symbols wilh FYM cloed symbots wilh pKMg

Fipre I
10
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Until 1968 the best yields from fertilizer (given by Plots receiving PKNaMg
and at least 96 kg N ha r) n'ere equal to those given by FYM. After the change
to the shorter-strawed vadety CaPpelle in 1968, together 1{ith the introduction
of the rotation, FYM gave about 0.5 t ha I more grain than fertilizers (Fig. 1).

In the period of 10 years in rvhich Cappelle q'as grown foliar fungicides u'ere
not applied and foliar diseases, Particularly mildew, were common and most
severe on plots given most nitrogen. After the inhoduction of Flanders in 1979

summer fungicides were used each year. Perhaps as a result the ielative yields
of FYM and fertilizers again changed (Fig. 1) with best yields from fertiliTer
exceeding those from FYM alone and with the combination of FYM and 96 kg
N ha l exceeding both. The increased resPonses to nitrogen fertilizer in this
period suggested that vields might be greater if larger rates of nitrogen rvere
iested and since 1985 rates of 2,1O and 288 kg N ha I have been included. This

change coincided u.ith the introduction of the variety Brimstone *'hich showed
a similar pattern of yields to Flanders although r\ ith a Sreater resPonse to the

t$'o-year break (Fig. 1 and Table 1). Only the continuous $'heat resPonded

TABLE 1

Broadbalk

Mea yield 6 uears, 1985 90) of a,heaf S'.'i alrl l'( atoes (total hlhets) all in f hn l

___i{II_
Plot Treatment
3 None
5 PK(Na)Mg
6 NlPK(Na)Mg
7 N2PK(Na)Ms
8 N3PK(Na)Ms
9 N4PK(Na)Mg
15 NSPK(Na)Mg
16 N6PK(Na)M8
10 N2
11 N2P
13 N2PK
12 N2PNa
14 N2P(K)Msr
17t18' NO+3PKNaMg'/,
18117" N1+ 3PKNaMgr/,
22 FYM
21 FYM N2
1 FYM N4PKT

19 Cr

Continuous
Aftet 2- since

vear break 1967

2.6 7.2
2.6 1.3
5.5 3.?
/1 r.J
8.4 6.0
8.5 6.1
8.3 6.8
8.6 6.5
4.7 2.8
6.0 4.1
6.9 5.5
6.5 4.6

8.5 6.2
8.9 6.4
7.9 5.8
9.4 7.7
9.0
5.0 2.7

Potatoes

8.2
't2.7

22.6
26.6
3s.4
35.2
35.6
36.8
8.5
9.4
20.4
11.0
31.3

?4.6

32.9
37.8
%.2
14.6

1966' BaTl
0.099 0..102
0.107 0.104
0.115 0.124
0.251 0.270

"Yields from the Plot not Elven autumn N; **yields from the Plot given autumn N -
not applied to Potatoes.
j K applied since 1968 I Since 1968 r Last aPPlied 1988.

Plot Manuring
3 None
4 PKNaMg
7 N2PKNaMg

22 FYM

TABLE 2

Niirogen o/o of Braadbalk soils 0 23 cnt

191,1.

0.106
0.105
0 121
0.236

1865*
0.105
0.107
0.717
0.175

*Mean of all sections tMean of sections 
-l and 9

t1
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to the greater rates of nitrogen. As with Flanders the largest yields came from
FYM + N2 n'hich in 1990 after rhe two-year break gave the fiist yield in excess
of 10 t ha I on this experiment. The variety epollo replaced Brimstone in
autumn 1990,

Organic matter in the Broadbalk soil
The amounts of soil organic matter can be determined only indirectly from the
9o carbon or 70 nitrogen. Percentage carbon may be multiplied by an arbitrary
factor of 1.72 to give 9o organic matter. Most soils have i carbon to nitrogen
ratio of about 10:1 so that o/o N can be converted to % C and hence to 9o org;ic
mafter. Accordingly o/o N alone can be used to show relative amounts of organic
matter- On plots not receivint farmyard manure the nitrogen contents 

-have

remained steady for a century since they were first measur;d in 1g65. By that
date plots receiving NPK fertilizers had a little more N than the unmanured
and minerals-only plots, because the better-fertilized crop gave not only more
yield but more stubble, and perhaps roots, to be ploughed in. On the FyM
plot nitrogen increased, at first rapidly, then mori slowly. After a century,
annual dressings of FYM had more than doubled the amounts of nitrogen and
hence organic matter (Table 2). The combination of N offtake in the ciop and
N retained in soil can be calculated for different periods. About 100 kg of N
applied in the 225 kg N ha I present in the FyM cannot be accounted fo! each
year and this has been consistent throughout the course of the experiment.
This is because in the early years N offtakes by the crop were small'but much
u as accumulating in the soil, more recently crop offtakes have been larger but
N accumulation in the soil has been smaller.

The introduction in 1926 of regular fallowing, with cultivations to kill weeds
and no manures applied, decreased the organic matter, especially on the FyM
plot. After the reintroduction of continuous wheat on Seciion 0 (last fallowed
in 1951), the organic matter of the soil increased more than on Sections
periodically fallowed.

Microotganisms in the Broadbalk soit
More actinomvcetes and bacte a occur in the FyM plot than in the unmanured
plot or that given N2PKMg, both of which contain similar numbers. The fyM
plol and the fertilizer plot, although diffe nt greatly in organic matter, contain
similar numbers of fungi and amoebae both of n hich aie more than in the
unmanured plot.

The nitrogen-fixing bacterium Amtobactet chrooctxcut flucl.lates in numbers;
the average population is greatest in those plots that receive neither N fertilizer
nor organic manure. Anaerobic nitrogen-fi\ing Clostridium spp. are more
abundant than ,4zoloracfel. Nitrogen-fixing root nodule bacreria idr field beans
(yrcra) and clovers are widely distributed but not abundant in Broadbalk soil
and those for the medicks and Lolls are sparse; none seems to be much aJfected
by manuring. The continuous wheat crop and the weeds, mainly Equisetum,
associated with it, annually remove from the soil on the unmanured and
minera_ls-only plots about 30 kg N ha rbut despite this the amount of N in
the soil has remained almost the same since the'beginning of the e\periment
(Table 2). Each year a small amount of N is added in seed-'(about 3 ig/ha r;.
Recent research suggests that between ,lO-45 kg N ha r may come"from a
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combination of $'et and dry deposition. A number of freeliving heterotrophic
nikogen-fixing bacteria have been found in Broadbalk soils but their contribution
to the nitrogen economy of the arable sections is very small.

Weeds on Broadbalk
For many years n eeds and u,eed seeds in soil were surveyed regularly until
the retirement of Joan Thurston in 1980. The notes below are a modified extract
of those u.ritten by her in 1976.

About 50 annual and ten perennial weed species occur in the field. Where
weedkillers have never been applied each plot has its characteristic 10-20 species,
and the ground is covered h.ith weeds after harvest, except on the unmanured
plot. Some species, e.g. blackgrass (Alopecurus nyosuroides) and corn buttercup
(Ranuncuhrs anensis) occur on all plots, but othe6 are associated with manurial
treatments, e.g. legumes $'here minerals are applied but not nitrogen. ln
contrast, in the stubble of the cleanest weedkiller-sprayed plots there may be
less than five species, represented by only one or t$'o plants of each.

Wild oats (mainly Aoeno ludoticiara with some A. /alaa) became very
Broadbalk during the 1940s, the one-year fallow having been

ineffective against them. Since 1943 they have been pulled by hand rthich has
decreased the population $eatly. On Broadbalk A. ludoaiciaru lwinter
germinating) is much commoner than A. /af l/a (sPring germinating) but in the
spring-sown barley on the adiacent Hoosfield the rvild oats arc rr.ainly A. fatua.
Most annual weeds germinate mainly at specilic times of the year, usually
autumn and/or spring, and fe$' species Serminate throughout the year. The
preparation of seedbeds at different times of the vear for u'inter lrheat and
spring barley allorvs different species to survive.

Weeds in winter wheat. The use of $'eedkillers to kill broad-leaved n'eeds
greatly decreased susceptible species, e.B. common vetch (yicia safilr?) and corn
buttercup, but no species \\,as eliminated. Black medick (Medicago lttltulha)
decreased only slolvly because the reserve of seeds in the soil rvas replenished
by ptants emerging after spraying and seeding before the stubble rvas ploughed.
Knotgrass (Polygonum at'iculare) and scentless may$'eed (TripleurosPern ttrt

t,lqritir,um) were not controlled by the MCPA initially used but mixtures
containing dicamba, bromoxynil or ioxynil have since been effective-

Chlortoluron and isoproturon have been applied just after sowing and have

controlled autumn-germinating black8rass and some broad-leaved autumn-
germinating u'eeds, notably ivyJeaved speedt'ell (Verotlica lrcderifolia) *-hich
seeds before the spring spraying and so is not controlled by it.

Field horsetail (E4!iset 1tlruense)hasnot been controlled by the rveedkillers
used to control grass and broad-leaved weeds and this species has incleased,
particularly on plots where ctop competition has been limited by inadequate
nutrition. Since l99O fluroxypyr has been used sPecifically to control this u'eed.

Weeds in potato€s. Although sPring cultivation destroys weeds from autumn
and winter-germinatinS seeds, the cultivations before Planting Potatoes bring
buried rveed seeds to the surface where they Serminate, giving a mixture of
seedlings of autumn, $inter and sPdng-Serminating sPecies. These are con

trolled by pre-emergence rveedkiller (linuron-Paraquat mixture) but field
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horsetail (Eqrriselarn an,erse), which emerges at the same time as the potato
shoots and is resistant to these rseedkillers, is not conholled. lt prolilerates
more in potatoes than in winter wheat, except rrhere no nitrogen is given,
because potatoes offer very little competition at the early stages of its growth,
whereas h'inter wheat, especially with N, overshadows the young horsetail
shoots from the start.

Pests and Diseases on Broadbalk
The continuity of cropping and manurial treatments has made Broadbalk a
valuable field for studving the effects of weather on the incidence of nheat
pests and diseases.

Insect pests. Before insecticidal seed dressings were used wheat bulb fly (Dela
coarctotd Fall.) ollen caused severe damage to wheat after fallor.', on Broadbalk.
Bulb fly eggs are laid dudng the summer on bare soil and damage is caused
bv larvae burron ing into the young wheat shoots in the early spring. Yield
losses on Broadbalk varied greatly with season and were related to the ratio
of plants to laNae, to the time of attack and to conditions for plant growth.
Plants on plots deficient in potassium usually suffered most because they were
less $,ell tillered and damage to the pdmary shoot often killed the \a,hole plant.
The damage uas minimized by sowing wheat early.

Other insect pests, cereal aphids, cutworms, wheat-blossom midges and the
saddle-gall midge caused damage only sporadically. Since the introduction of
potatoes to the rotation, potato aphids occasionally require control.

Soil-borne diseases
Both eyespot (Pserdocercosporella herpotricftoides) and take-all (Gaeunnanomyces

Broitilis var.l,"itr'ci) are common. It was on this field that, in 1935, eyespot was
first identified in this country. Comparisons of vields and of differences in
amounts of take-all between continuous wheat on Broadbalk and other fields
in shorter sequences of cereals over a period of years culminated in the
development of the hypothesis oI 'take-all decline'. Severe symptoms of take-
all are often seen in short sequences but seldom in the continuous wheat. This
decline of tale-all, although still inadequately understood, has since been shown
to be common *'hen cereals are grown continuously.

Broadbalk drains
In 1849 a tile drain \^,as laid down the centre of each of the plots. The tiles,
of the 'horsehoe and sole' type, 5 cm internal diameter, were 6id 60 cm below
the su ace, and led to a 10 cm cross main, which took the water to a ditch.
The drains were not intended for experimental use, but in 1866 they were
opened at their runctions with the main to catch the runnings from each plot.
The classical analyses by Dr. A. Voelcker were on samples drawn in this w,ay
in 1866-68; the data provided important information on the losses of plant
nutrients by leaching. Although ammonium, potassium, magnesiurn and
sodium salts were all added to the soil the biggest loss was oi calcium and
its loss increased with increasing amounts of ammonium salts given. The loss
of nitrate was considerable, and this also increased with the amount of
ammonium salts added. Subsequent analyses in 1879-83 showed concentrations
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