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EXPERIMENTS ON THE CONTINUOUS GROWTH
OF ARABLE CROPS AT ROTHAMSTED
AND WOBURN EXPERIMENTAL STATIONS :
EFFECTS OF TREATMENTS ON CROP YIELDS
g P AND SOIL ANALYSES AND RECENT MODIFICATIONS
IN PURPOSE AND DESIGN

A. E. JOHNSTON and G. E. G. MATTINGLY

Rothamsted Expevimental Station,
Havpenden, Hevis. AL5 2]Q (England)

SUMMARY

This paper describes six field experiments started during 1843-77. All, with various modi-
fications, still continue and results for various periods between 1843 and 1975 are given. Origi-
nally the experiments investigated the nutrient requirements of wheat, barley and root crops,
each crop grown in monoculture. Yields on unmanured and farmyard manure treated soils were
measured and compared with those given by N P K Na Mg Si supplied in inorganic compounds
and tested singly and in various combinations. These experiments soon demonstrated that ferti-
jsers could give the same yields as farmyard manure and showed the relative importance of N,
m and K for the various crops.

All manures tested supplied more nutrients than were removed in the crops. N carly all the
fertiliser N residues have been lost from the soil ; some N has accumulated in soils given farmyard
manure but even on these soils much has been lost. Most of the P residues have remained in the
plough layer but some I has moved into the subsoil. The P and K residues can be detected by
increases in the bicarbonate soluble-P and the exchangeable K but neither method of soil analysis
gives an estimate of the total amount of plant available P and K in the soil. However, field expe-
riments show that the residues are available to a wide range of crops. In some comparisons yields
were always better on soils with residues than on those without, even when much new fertiliser
was tested.

Soils which have received annual dressings of farmyard manure for more than 100 years
low contain more organic matter than soils with fertilisers only. During recent years varieties
with a high yield potential, and improved cultural techniques, including weed, pest and disease
tontrol have been introduced. In this period yields of root crops and cereals grown in rotation
have been larger on farmyard manure-than on fertiliser-treated soils. This difference cannot be
:Xplained in terms of spring applied fertiliser N dressings ; further investigations are being under-
aken,
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INTRODUCTION

In the 18308, when BOUSSINGAULT was making experiments in Alsace on the
nutrient balance of crop rotations, Lawes was experimenting on the effects of Varioyg
substances on plants grown in pots and on small plots at Rothamsted. He Was
impressed by the effects of ‘earthy phosphates decomposed by sulphuric acig
which later led to his patent for superphosphate manufacture and the start of his'
manure business. These early experiments apparently convinced Iawes of ty,
things :

1. The need to grow the same crop year after year on the same land to unders.
tand the nutrient requirements of that crop. Complementary experiments could beﬁ
made on crops grown in rotation.

2. The need to make experiments on large plots. This decision has proved of
supreme importance, not only because the early results were an acceptable demons-
tration to farmers but because it has allowed the plots to be subdivided in later
years to increase their usefulness.

T,AWES started the first field experiment on large plots in spring 1843 just before
he appointed Gilbert as chemist in June.

This paper describes results from four of their experiments at Rothamsted.
All are on arable crops grown in monoculture ; winter wheat on Broadbalk (1844),
spring barley on Hoosfield (1852), root crops on Barnfield (1843), and cereals on
the Exhaustion Land (1856). Two, in which Lawes and GILBERT had great interest,
are at Woburn, one each on winter wheat and spring barley (x877). Much has been
written about each experiment ; references are given later to detailed accounts.

THE SOII, ON WHICH THE EXPERIMENTS WERE MADE

The soils have been described by the Soil Survey of England and Wales ; thos })

at Rothamsted (Rothamsted Fxperimental Station, 1974) are leached brown soils’
(Sols lessivés). The surface soils are mainly developed in drift overlying Clay-with-
flints on Upper Chalk. All belong to the Batcombe or closely related series ; much
of Broadbalk and Hoosfield are on flinty loam or deep silt loam while Barnfield and
Agdell (MarTTINGLY and JoHNSTON, this Conference) are on shallow flinty clay loam.
The soils contain 20-28 p. 100 clay ; Cookr (this Conference) gives a typical mecha-
nical analysis. The natural topsoils are moderately or strongly acid (pH values
4.0-5.5) but much arable land has a neutral or alkaline reaction and contains some
calcium carbonate (1-3 p. 100). In former times the underlying chalk was spread
on the arable fields (Youne, 1813 ; Russerr, 1916) and some soils at Rothamsted
have probably been cultivated for some centuries. The soils are seldom waterlogged
though drainage may be impeded to some extent by the slow permeability of the
Clay-with-flints.

At Woburn two soils, both developed in drift over Lower Greensand, are reco”
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pised on Stackyard Field where experiments on cereals started in 1876. One is
cmﬁﬁilied as Cottenham Series, the topsoil (0-23 cm) is a loamy sand ; the other,
hich has a coarser texture, belongs to the Stackyard Series, the topsoil is a sandy
joatt- Both soils are free draining and, at the start of the experiments, were slightly
acid. At both Rothamsted and Woburn arable land is now ploughed to a depth of
zjbou’c 23 cim.

THE TREATMENTS TESTED

In each experiment yields without manure and with farmyard manure (FYM)
were measured and compared with those given by inorganic compounds containing :
pitrogen, N ; phosphorus, P ; potassium, K ; sodium, Na; and magnesium, Mg.

rhese inorganic fertilisers were tested alone and in various combinations.
¥

TABLE I
Details of treatments (%), Barnfield, Broadbalk, Hoosfield,
Exhaustion Land (?) and Woburn (%)

(All nutricnts kg element ha=)

Nitrogen : Various fertilisers to supply 48, 96, 144 and 192 kg N (N N, Ny Ny). Before 1967 N applied
either as ammonium-N (NH-N), mainly ammonium sulphate, or as nitrate-N [NOy-N), sodium
nitrate. Sinee 1968 ‘Nitro-Chalk’ (ammenium nitrale-calcium carbonate mixture) hias been used. In this
paper when ammonium- and nitrate-N are compared N* is used to denote nitrate-N, Other rates of N
used are given in the text.

Phosphorus : Superphosphate to supply 32-34 kg P. Before 188 the superphosphate was made on
Rothamsted Farm from ealcined bone dust and sulphuric acid. Since 1889 factory made superphosphate
(almost certainly from rock phosphate) was used. During the late 1890s and until 1902, 448 kg basic
slag replaced superphosphate in some years.

Potassium ; Potassium sulphate to supply 90 kg K for cereals, 135 kg K for potatoes on Exhaustion
Land and 225 kg K for root crops on Barnfield.

Sodium : Sodium sulphate to supply 15 kg Na on cereals and potatoes; sodium chloride to supply

88 kg Na for root crops on Barnfield. Na was also given when sodium nitrate was used to supply N.

Magnesium : Magnesium sulphate to supply 11 kg Mg for cereals and potatoes; 22 kg Mg for root
(l:ups on Barnfield.

Farmyard manure : 35 t FYM made on Rothamsted Farm. The amount of the dressing was intended
to supply 224 kg total N. Between the 1850s and 1960s the dressing probably supplied on average 220 kg N,
36 kg P, 165 kg K. From 1968 to 1975 35 t ha~! has supplied 240 kg N, 43 kg P, 330 kg K. Smaller dressings
were given at Woburn, 19.7 t ha~! during 1877-1906 ; 14.8 t ha™* during 1907-1926.

Rape cake : 1120 kg on Hoosfield, 2 110 kg on Broadballk, 2 240 kg on Barnfield. Rape cake, on average,
contained 5.5 p. 100 N, 0.96 p. 100 P, 1.05 p. 100 X. In 1941 castor meal replaced rape cake and from 1955
the weight applied was adjusted to supply 48 or 96 kg N ha=!, Not applied on Barnfield after 1959
nor on Hoosfield after 1967.

(1) Only the principal treatments are given, for details of changes and exceptions see : DARNFIELD,
WarreN and Jounston (1962); BrosppaLk, Jonnsron and Gauxer (1969) ; HoosrieLD, Warren and
Jonwston (1967) ; Exnausrion Lanp, Warrey and Jounsron (1960) and Jouxsrox (1970); Wonurx,
Jonnsron (1975).

(?) Exmavstion LAND, 1856-1901 only, see text for later changes.

() Wosurny, 1877-1906 only, see text for later changes.
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Another organic manure, rape cake, was also tested, it supplied both N anq g

and a little P and K.

Table 1 shows the main treatments: the fertiliser dressings were genergy,
N was often tested at two or more amounts and both ammonium salts (N HrN‘
and sodium nitrate (NO,-N) were compared, Throughout this paper N* d@nut,&
the use of sodium nitrate. More K was given for root crops than for cereals, '

The conventions adopted in this paper

All data are given in metric units per hectare (ha-1). Most have been Converteq
from Imperial units and rounded up where this makes no gross error. Yields of Zraiy
and straw are at 85 p. 100 dry matter, yields of root crops are fresh washed TOotg
except sugar beet where sugar yields are sometimes given. Fertiliser '.11:1)15(::-1tim1,,-
and nutrient uptakes are given as kg element ha-'.

A
Methods of analysis 5

Methods of analysis used for crops and soils are those given by Marringry
and JounsToN (this Conference).

THE ORIGINAI, DESIGN OF T'HE, EXPERIMENTS

Lawgs and GILBERT gave considerable thought to the design of their experi-
ments, as the improvements made between 1843 and 1856 show.

Although the practice was discontinued later, fields at Rothamsted were plou-
ghed in the 1840s so that the soil was left in ridges and furrows, the ground, about
3.8 m, between the furrows was known as a ‘land’. In 1843 each plot on Broadbalk
and Barnfield was the length of the field and one ‘land’ wide. A different treatment
was tested on each plot. On Broadbalk two of these ‘single land’ plots were combined,
each continued to test a different treatment, and subsequently there has been little
change in their size.

On Barnfield three ‘single land’ plots were made into one plot and in 1845
the P K Na Mg treatments were assigned to these strips which ran the full lengt

experiment on Hoosfield was also designed with P K Na Mg treatments in strips
crossed at right angles by N treatments; an FYM and second unmanured plot,
were placed to one side of the experiment. In 1856 further modifications were made
on Barnfield when FYM and FYM plus P (later PK) were introduced as main strip
treatments and crossed by the N treatments. The main fertiliser treatment not
tested on Barnfield was KNaMg with and without N. The importance of this was
probably not appreciated in 1845 and it was not included in 1856 probably because
there was no land left and no wish to change any other strip treatment.

The experiments at Woburn were set out similarly to that on Hoosfield, PK
treatments in strips were crossed at right angles by N treatments with plots testing
FYM at the side of the experiment. The history of the Woburn experiments is
discussed later.

b

of the field. Nitrogen treatments crossed all strips at right angles. In 1852 the barley
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CHANGES IN THE EXPERIMENTS AT ROTHAMSTED

1903-1906. At Rothamsted there was little change in the arrangement of the
jeatments after 1856 until Harr, who was Director 1902-1912, made a few modifi-
ations in 1903-06. He added plots to Broadbalk, Barnfield and Park Grass to test
yKNaMg (i. e. P was omitted). He also started the test of applying chalk every
purth year to half plots on Park Grass {TrUrsSTON, WiIrLiaMs and JOHNSTON,
is Conference).

1926. On Broadbalk, weeds, always a problem in continuous cereal growing,
jad been controlled by hand hoeing though occasionally parts of the field were
llowed for a wlhole year. Hand hoeing became increasingly expensive and in 1926
gular fallowing was introduced. Broadbalk was divided into five sections, each
fallowed in turn ; after the fallow year four wheat crops were grown. Although this
sheme was introduced to comtrol weeds, it nevertheless led to the start of four
important research programmes. These were :

I. The effect of fallowing and manurial treatments on the abundance of weed
species (THURSTON, 1960).

2. The effect of fallow on the incidence of Wheat Bulb fly (Jomwnson, Lorry
and CroSS, 1960).

3. The effect of fallow on the yield of subsequent crops (GARNER and DYKE,
1969).

4. Studies on the incidence of soil-borne diseases particularly eyespot (Cercos-
forella herpotrichoides, ¥RON), first recorded in Britain on Broadbalk, and take-all
(Gacumannomyces graminis) (GLYNNE, 1969).

1959-1975. Recent modifications aim to make the results of the experiments
more relevant to modern farming. They are intended to explain recent observations
that some crops yield better when grown in rotation than in monoculture and that
yields on some soils well supplied with organic matter are larger than on soils with
little organic matter.

Changes in manuring introduced in 1968 and since

FYM and PK manuring have not been altered since 1974. The small annual
lressing of Mg as MgSO, . 7 H:O (table 1) has been replaced by a dressing of
MgSO, . H,0 given every third year but supplying three times the original annual
fressing. Sodium was not applied after 1973 except to the plot on Broadbalk where
the amount is chemically equivalent to the K dressing. Castor meal, which repla-
d rape cake in 1941, is now given only to one plot on Broadbalk.

The most important changes have been in nitrogen manuring, TAwEs and Gir.-
BRT originally tested both NO,-N and NH,-N : at equivalent N dressings there
Vas little difference in yield provided the timing of the dressings was correct. Howe-
%er, ammonium sulphate and sodium nitrate had very different effects on the soil.
{0n some plots on Broadbalk, Hoosfield and Barnfield ammonium sulphate acidified
the s0il so much that by the late 1940s yields were decreased. The pH of these acid

e
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Ee SR S A g o withheld from some plots and given to others for the first time. However, on
soils was increased by applying chalk in the 1950s ; subsequently, the comparig, jots with unchanged manuring average yields of mangolds were much t}%e same
of ammonium sulphate and sodium nitrate in these experiments ceased. N ig nd in both periods. The only exceptions were small, but consistent decreases in yield
applied as « Nitro-Chalk ». i (2.5 t0 5.0 t ha=?) in the second period on soils not manured with K, Na or FYM ;
the decreases were probably due to exhaustion of soil K. P or PK fertilisers given
Changes in cropping alone increased yield little (table 2) ; N gave much larger increases, especially sodium

pitrate which supplied two nutrients, N and Na. All combinations of N, P and K
On Barnfield growing root crops every year ceased after 1959 ; recent modjg. increased yield as did FYM. Before 1930 FVM was applied in spring and yields

cations are discussed later. with NPKNaMg, N*PKNaMg and FYM alone were approximately the same, 38.9,
Major changes on Broadbalk and Hoosfield were made in 1968. Much of Brogq. 46.0 and 42.2 t ha=* (table 2). However, yields were even larger, about 60 t ha—%,

balk and Hoosfield continues to grow only wheat and barley but the yields are with FYM plus inorganic N fertiliser and NPKNaMg fertilisers plus rape cake.

now compared with those obtained by growing the cereals in rotations in whicl

soil-borne pests and diseases are lessened. Because the modifications had to be

made on existing plots it was only possible to test a three-course rotation : Pota. B

toes, beans, wheat on Broadbalk ; potatoes, beans, barley on Hoosfield. One advay/ " Vields of mangolds, 7ools ¢ ha™, Barnfield, 1876-1894

tage of having a rotation is that new varieties of cereals can be phased into th, (Warson and RusseLr, 1943)

cropping sequences. S

TABLE, 2

During 1926-67 weeds were controlled on Broadbalk by fallowing, However, N applied as
in 1952 and again in 1959, continuous winter wheat was reintroduced on two smigl] Other No — — —
sections and a test of weed control by herbicides was started. I'his test was generally treatment | mitrogen | ™M | oqium | rape rape cake plus
successful and in 1968 it was decided to use herbicides on all but one-tenth of the surll;]]qr:te nitrate | cake a?ff;‘if;?em
experiment. Fallowing was not abandoned but could only be tested on three-tentlg
of the experiment, so the cropping sequence is : fallow, wheat, wheat. Because of -1 _ T 1
these changes there is now a good test of the effects of rotation and fallow on weeds :}]m_lf;f'?'.'f":d 132 ;gé 332 ggf ggi‘
not easily controlled by herbicides. P oo 11.3 344 38.9 45.2 55.5

On Hoosfield sprays were first used to control weeds in 1944 and all crops are PKNaMg ..| 13.3 38.9 46.0 52.0 62.8
now sprayed when necessary. There is no test of fallowing. FYMidais 22 w5 e 59.3 61.5

TABLE 3

BARNFIELD I843-1975
Yields of mangolds, 1941-59, and sugar beet, 1946-59, voots only, t ha-1, Barnfield

W.
Root crops were drilled on Barnfield every year from 1843-1959, except when (WARREN and Jounstown, 1962)

barley was grown during 1853-55. Swedes, turnips, mangolds and sugar beet were —_—_— _

all grown during various periods. Within the first two or three years LAWES a. f’( —

GiLeERT destroyed the belief that the large leaves of turnips, swedes and sugar.beet . _ .

could absorb enough ammonia from the air for the plants to produce large y1eilds. Gther nitrogen - N fa;’; niit?uﬂus

They were also convinced that phosphate was needed for these root crops so they treatment i

mostly tested FYM, K, Na and Mg and forms of N. Changes in the design of the S = | c

experiment before 1856 have been mentioned. WARREN and JOHNSTON (1962) gave mangolds| & |mangolds bost |mangolds( SUEAr

references to detailed accounts of the early results. Here we briefly discuss yields of: - e _

1) mangolds grown each year from 1876 to 1959 ; 2) sugar beet grown on a part, but " . ——

h . ) N n nmanu 3.8 3.8 5 . 0

always the same part, of each plot during 1946-59 ; 3) cereals and root crops grow S re g N 38 ggz }Z,g 5(3) 2 }g}

during 1962-73. PK........ 5.3 60 | 809 | 156 | 475 | 239
1876-1959. FYM, P, K, Na and Mg treatments are in table 1 ; both NO;-N lljgﬁaMg Qg:g 12:2 gg; ;(7)3 gg.g ggg

and NH,-N at 96 kg N ha-* and rape cake at 2 240 kg ha™' were tested. WATSOI; FYM + PK| 934 148 L i 590 29

and RusseLy (1943) discussed the yields of mangolds for two periods, 1876-94 a1 I .

1904-40 because there were some changes of treatment in 1go4; potassiumn was
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Yields of mangolds decreased considerably after the early 1g40s even tlmum]
fertilisers and FYM were still applied at the same rates. Whether there was o 1,1%1
up of some soil-borne pests or diseases or a deterioration in soil physical con(]iti.nmi
after growing root crops continuously for 100 years is not known. Although mangglq
yields were much smaller in 1941-59 than in 1876-g4, WARREN and _]OI-INSTUS:
(1962) showed that N increased yield by the same amount, about 26 t ha—!, in boty,
periods. However, responses to P, K and Na fertilisers and to FYM were Much
smaller in the 1940s than in the 1880s.

Yields of sugar beet, 1946-59, and mangolds, 1941-59 are in table 3; the effectg
of the manurial treatments were much the same on both crops. Sodium nitrate ang

{@) Mangolds 1962, 1964 (b) Potatoes 1962, 1964
t ha™ t ha™
80 _—0 40

e
v 1 A A A
A"
201 109= v 7 v
1 | ] 1 1 ]
0 75 150 225 0 75 150 225
N kg ha N kg ha™
(c) Potatoes 1068-74 (d) Sugar beet 1968-74
i ha t ha™
50 50 -

0——0 o/ /

40 = 40 =

o/ . _—a
0 n/ 30 / v

/ A o IE/V/R
C . A
- 1y v
20 A / 20 / -
n

]
/ y—-Y o PK
08— 10 AP
T ¥ none
1 1 | 1 | ]
0 72 144 216 0 72 144 216
N kg hat N kg ha™

Fic. 1. — Relationship between yiclds of mangolds, potatoes and sugar beet and ferlilisor N applied to SQilS
treated with farmyard manure, O ; PK fertilisers, [1; P fertilisers, A ; or unmanured, V ; duriog
1962-73, Barnfield.

a) Mangolds grown in 1962z and 1964

b) Potatoes grown in 1962 and 1964

¢) Potatoes grown in 1969, 1971 and 1973
d) Sugar beet grown in 1969, 1971 and 1973

. 20
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ammonium sulphate increased the yield of sugar beet roots by the same amount,
r1.5 t ha=!, when PXK fertilisers were given. During 1941-59 NPKNaMg fertilisers
gave larger yields than FYM, probably because the FYM was applied in autumn
and ploughed in. When fertiliser N was given with FYM yields were larger than
with FYM alone. Sugar beet yielded less roots than mangolds but produced more
tops; consequently total dry matter yields (tops plus roots) were larger with sugar
peet than with mangolds.

1962-1964. Because yields had declined so much by the 1950s it was decided to
stop growing root crops continuously in 1959 and the field was fallowed in 1960-61.
However the large increases in yield from adding N fertiliser to soils treated with
FYM had not been explained and it was decided to test four amounts of N (o0, 75,
150, 225 kg N ha-! as ‘Nitro-Chalk’) on potatoes and mangolds grown on all plots.
Vields in 1962 and 1964 are summarised in figure 1. Mangolds (fig. 1 a) yielded as
much in 1962-64 as in 1876-94 (table 2). Yields were always larger on FYM- than

| on PK-treated soils at all amounts of N tested. Potatoes (fig. 1 ), a crop not pre-
viously grown on Barnfield, also yielded well and, like mangolds, yields were larger
on FYM-treated soils. For both potatoes and mangolds the shape of the response
curves to N suggested that yields on PK-treated soils would not have equalled those
on FYM-treated soils no matter how much N was applied. Responses to N on soils
without PX or with P only, figures 1 @ and 1 b, show that potatoes were much more
susceptible to shortage of P or K than were mangolds.

1968-1973. During this period potatoes, barley, sugar beet and spring wheat
were grown in rotation starting with the two cereal crops on half plots in 1968,
Four amounts of N were again tested : o, 72, 144, 216 kg N ha-! for root crops ;
0, 48, 90, 144 kg N ha~ for cereals. Potatoes in 1968-73 (fig. 1 ¢) yielded more than
in 1962-64 (fig. 1 b), best yields were about 10 t ha-t larger in 1968-73. Sugar beet
(fig. 1d) also yielded well during 1968-74, best vyields were nearly twice those in
1946-59 (table 3). Both sugar beet and potatoes yielded more on FYM than on

TABLE 4

. - ——

Yields of barley and spring wheat, Barnfield, 1968-73 (1)
(grain, t ha=!, at 85 p. 100 dry matter)

N dressing, kg N ha-1
Yreatment Barley Spring wheat
0 i' 8 | 96 144 o | 48 96 144
| |
BYM: sosnnesss 418 5.40 5.16 5.08 2.44 3.73 3.92 3.79
VG csssssnassass 1.85 3.74 4.83 4£.92 1.46 2.97 3.53 412
. 1.82 422 | 4.96 £.95 1.57 3.22 3.77 4.20
Unmanured ......... 2.10 3.75 | 4.96 4.67 1.70 3.07 3.44 4£.09
|

(') Cereals were grown in 1968, 1970 and 1972.
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PK-treated soil, but the effect was smaller with sugar beet (4 t ha—') than Wit
potatoes (7.8 t ha') when 216 kg N ha— was given. Sugar beet, like 1'11:1“%1(11?
in 1962-64, responded more to N on soils without PK or without K th:uT dis
potatoes. 3

With optimum fertiliser N barley yielded a little more and spring wheat slighy
less when grown on FYM-treated soil than on PK-treated soil (table 4). Yi(—‘.]‘t.l_\; 0);
both barley and spring wheat were not increased by giving potassium (table
agreeing with other results on the heavier soils at Rothamsted. This suggests U:lt',
the amount of K released each year by weathering is still sufficient to supply ty,
needs of a spring cereal yielding up to 5 t grain ha~'. An apparently unexpecteq
result in table 4 is that cereals yielded so well on soil without PX ; these soils, howeyer
contain much more bicarbonate soluble-P (table 16) than similarly unmanured soilé
at Rothamsted. This is partly because I,awns and GILBERT applied some P to thege
soils during 1843-52 and partly because the tops of the root crops were left on the
plots to be ploughed in so returning nutrients to the soil.

1967-1975. Field beans (tic) were grown on all plots in 196%. Vields on FYM-
and PK-treated soils were 4.52 and 1.58 t grain ha~! respectively. Subsequently
beans have been grown on the same fifth of the field each year and experiments made
during these years have shown that the large difference in yield in 1964 was due tg
an interaction between soil organic matter and the selective herbicide (simazine)
used to control weeds. Simazine applied at the recommended rate per hectare did
not damage beans on FYM-treated soil, because it contained enough organic matter
to retain the simazine near the surface and prevent it washing down through the soil.

BROADBALK 1844-1¢75

Winter wheat has been sown on all or part of Broadbalk every year since autumn
1843. The experiment has always attracted much attention because it demonstrated
that wheat, a staple food for many people, could, if given sufficient nutrients, be
grown on the same land year after year. LAwWEs and GILBERT described the results
on many occasions, thelast (I, aAwgs and GILBERT, 1895) summarised the first 50 years;

subsequently, RUSSELL and WaTsSON (1940) considered the results up to the late))

1930s. In 1968 the first volume of Part 2 of the Rothamsted Report contained nine
papers, each summarising one aspect of the studies made on Broadbalk.

Initially the main plots were as long as the field (about 350 m) and each had a
different treatment. The treatments (table 1) were not randomised ; the first six
plots then received in order : FYM, nothing, PKNaMg, N,PXNaMg, N,PKNaMg
and N,PKNaMg, and the effects of the manures on growth were (and still are)
visually very striking. Originally 172 kg N ha-! was also tested but was abandoned
because the varieties of wheat then grown always lodged badly when given this
much N. Table 5 shows yields for two decades, 1852-61 and 1902-11, and for 1970-75.
Where wheat has been grown for more than 120 years yields have not diminished ;
in 1970-75 they were more than doubled compared to any other period because a
better variety (Cappelle Desprez) was grown and cultivations and weed and pest
control have improved.

v
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TABLY, §

Effect of fertilisers and FYM on yields of winter wheat grown continuously, Broadbalk
(grain, t ha-!, at 85 p. 100 dry matter)

Period and Variety

Treatment 1852-61 1902-11 ’ 1970-75

Red Rostock Squarehead’s Cappelle

Master Desprez
Unmanured ........ 1.12 0.80 1.70
FYM ......oo0iiuil 2.41 2.62 5.80
PKNaMg ...ovvenns 1.29 1.00 2.09
N,PKNaMg ........ 1.91 1.58 3.99
N,PKNaMg .oouuves 2.42 2.28 5.23
N,PKNaMg ....coun 2.52 2.76 5.47
N,PKNaMg .......- — — 5.48

Vields in 1844 showed that N was more important than PKNaMg for wheat at
Rothamsted ; this was still true in 1g70-75, vields on unmanured soil and those
given PKNaMg, N, and N,PKNaMg were 1.70, 2.00, 2.83 and 5.23 t ha—! respectively.
Table 5 shows how N increased yields of wheat grown conti nuously ; 48 and
96 kg N ha™' gave large increases, 144 kg N ha' always gave maximum yield, but
172 kg N ha did not increase yield further in 1970-75 (or in 1852-04 when N, was
still tested). Both FYM and optimum fertilisers gave much the same yield in
the earlier periods but during 1970-75 yields were about 0.3 t ha=' more on
FYM-treated soils.

LawEs and GILBERT tested both forms and times of application of N fertilisers.
The results led them to apply all NO,-N in spring but NH,-N was applied part in
autumn (24 kg N ha* irrespective of total dressing) and the remainder in spring.
Used in this way NO,-N increased grain yield by about 10 p. 100 before fallowing
was started in 1920,

Another important result quickly learnt and long demonstrated was that for
wheat there was no residual effect of the 96 kg N ha-* dressing. This test was made
by alternating the treatments on two plots so that each year wheat was grown with
fresh N and residual PKNaMg and with residual N and fresh PKNaMg. During
1852-1907 fresh N gave 2.I1 t ha, residual N 1.03 t ha™*; for comparison soils
receiving N,PKNaMg and PKNaMg each year gave yields of 2.22 and r.13 t ha™*
respectively.

There were also tests of P and K when 96 kg N ha-* (N,) was given. During 1852-
1967 yields with N,, N,P and N,PK were 1.58, 1.67 and 2.12 t ha* respectively.
P had a very small effect, K, in the presence of P, a much larger one, 0.45 t ha-t.
These effects of P and K on wheat are quite different from those on barley on Hoos-
field : on barley P had a large effect, K a small one.

In a test unique to Broadbalk Na and Mg were applied separately at rates che-
mically equivalent to the amount of K applied. Vields with N,PNa and N,PMg
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were 2.03 and 2.02 t ha~' respectively, only slightly less than the yield giveyp by
N,PK (2.12 t ha). This effect of Na and Mg is interesting ; the crops grow; on
these two soils both contained appreciably more K than that on N.P-treate( S0i].
Possibly the Na and Mg released extra soil K which benefited the wheat, Singe
1968 this test is continued only on the N,PNa plot.

1968-1975. Changes introduced in 1968 have already been described. Vields of
wheat grown continuously can now be compared with those of wheat grown afte,
fallow and in the rotation, potatoes, beans, wheat (table 6). Yields were affecteq

TABLE 6

Effect of trveatment, fallowing and crop votation on winter wheat yields,
Broadbalk 1970-75

(grain, t ha-', at 85 p. Too dry matter)

Wheat grown

Treatment
1st crop

after fallow

In rotation 2nd crop
after beans | after fallow
|

Continuously

Unmanured ..... 1.70 3.13 ‘ 2.67 1 1.40
FYM....euennn 5.80 648 | 676 5.88
PKNaMg ....... 2.09 876 | 846 | 158
N,PKNaMg ..... 3.99 4.88 58 | 376
N,PKNaMg ..... 5.23 546 | 6.19 5.35
N,PKNaMg ..... 5.47 4.98 578 | 585
N,PKNaMg ..... 5.48 4.97 5.60 ‘ 5.92

by the interaction of at least three factors, nitrogen supply, soil-borne disease and
lodging. The one-year fallow lessened the inoculum of soil-borne fungi (especially the
take-all fungus, Gaewmannomyces graminis) and increased the amount of crop-
available soil N. For the first crop after fallow the optimum N dressing was not the
largest amount tested, and where large dressings were given yields decreased because

of lodging. The second crop after fallow got no benefit from extra N in the soil and

maximum yield was given by the largest amount of N tested. The two-year break ~
of potatoes and beans left very little take-all and 96 kg N ha~' gave the best yield
with fertilisers ; where more N was given yield was lost due to lodging. Table 6 also
shows that during 1970-75 wheat following beans or fallow yielded more on soils for
long treated with FYM than on fertiliser-treated soils. The reason for this is being
investigated ; the response by these crops to spring applied fertiliser N suggests
that giving more N in spring would not eliminate the difference. Giving extra fertiliser
N (g6 kg N ha=* in spring as ‘Nitro-Chalk’) to soils treated with FYM increased
straw but not grain yields. Grain yields were often less because the crop lodged.

Potatoes have been grown on Broadbalk since 1968 and, in contrast to wheat,
potato yields were increased by giving 96 kg N ha—' with the FYM. During 1970-75
yields with FYM alone and with N,PKNaMg were almost identical, 39.7 and
39.4 t ha=t; N,PKNaMg gave 41.4 t ha-* and FYM + N, 45.4 t ha-".

ENGLAND — FERTILIZER EXPERIMENTS IN MONOCULTURE 939

HOOSFIELD BARLEY I852-1975

1852-1967. Spring barley has been grown on 1.8 ha of Hoosfield every year since
1852. The only exceptions were 1912, 1933, 1943 and 1967 when the whole field was
fallowed ; weed control by mechanical cultivations was much easier in spring sown
parley than in autumn sown wheat. Lawgs and G BERT (1895) described results
for the first 30 years. RUsSELL and WarsoN (1938) discussed yields, crop composition
and grain quality. WARREN and JoHNSTON (196%) summarised results, including
crop and soil analyses, to 1966 and listed other published work.

The original design of the experiment has been mentioned ; treatments are in
table 1. Originally two amounts of N, 48 and 96 kg N ha—', were tested but the larger

;?mummt invariably lodged the crop and decreased yield so the test was abandoned

in 1857. Between 1868 and 1967 48 kg N ha—! was given as ammonium sulphate,
sodium nitrate or rape cake. Since 1968, N as ‘Nitro-Chalk’ was tested at 48, 96 and
144 kg N ha—,

Vields during three decades, 1852-61, 1902-11, 1952-61 and in 1970-75 (table 7)
varied little on unmanured soil, especially after readily mineralised soil organic N
was exhausted. EYM doubled yield during the first ten years and then as the soil
became richer in FYM residues, yields were increased fourfold by the combined
effect of fresh dressings and residues. PKNaMg fertilisers alone gave small increases
in yield. All three N fertilisers given with PKNaMg increased yield by between
1.0 and 1.5 t ha—! during the first three decades. No one form of N was obviously
best suggesting that organic N in rape cake was rapidly mineralised. In the first

TABLE 7

Effect of fevtilisers and FYM on the yield of barley, Hoosfield, 18562-1975
(grain, t ha=!, at 85 p. 100 dry matter)

Period and Variety

/
& S — = . - o
Treatment (%) 1902-11 1952-61 | |
glf:faﬁlr Archers Stiff | Plumage | “}713] a/ 2
Strawed Archer

Unmanured .. .. 1.43 0.65 0.93 1.19
FYM ......... 2.85 2.96 3.51 5.02
PKNaMg ...... 1.92 1.05 1.37 1.34
NPKNaMg .... 2.91 2.52 2.37 3.64
N*PKNaMg ... (@) 2.48 2.50 3.97
CPKNaMg ..... 2.99 i 2.50 2.51 413

(Y) 48 kg N ha~' applied as :
N, ammonium sulphate; N*, sodium nitrate, (started 1868); C, rape
cake. All nitrogen given as ‘Nitro-Chalk’ since 1968.
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period yields were larger with fertilisers than with FYM ; later FYM gave large,
yields as FYM residues accumulated in soil.

Best yields in 1970-75 were nearly 1.5 t ha=* more than in 1952-61 on 5011
adequately manured. Change in variety, better cultivations, chemical contro]
weeds and foliar diseases were all responsible for the extra yield.

The effects of P, KNaMg, and PKNaMg fertilisers were tested in the presenq,
and absence of N. During the first 110 years 48 kg N ha—' gave an average allnyg]
vield of 1.49 t grain ha—'. Given this amount of N, KNaMg increased yield by op
0.15t ha~* but P gave an extra 0.88 t ha* while PKNaMg yielded 0.98 t ha=* meyq
These results showed the importance of adequate P manuring for barley and tpe
small response to K on Rothamsted soil. Recent results, when yields have beey
larger, confirm these conclusions.

1968-1975. Reasons for the modifications made in 1968 have been given. Vields of
batley grown continuously are compared with those after a two year break of potatges
and beans. On soils well supplied with P and K, barley yielded well during 197075 .
96 kg N ha~* gave 5.16 t grain ha~*; an extra 48 kg N ha~* only increased yield by
a further 0.2 t ha= (table 8). Barley given a fresh dressing of FYM (35 t ha-!), o
soil long treated with FYM, yielded 5.02 t grain ha—' and adding 48 kg N ha- a4
fertiliser N increased yield by an extra 0.53 t ha—t. Larger dressings of fertiliser Ny
on FYM-treated soils decreased yields. During 1970-75 FYM was ploughed in in
autumn and any nitrate in the manure or produced by mineralisation during late
autumn could be leached during winter. This may explain why 48 kg ha fertiliser
N gave a worthwhile increase in yield. On soils without P or K since 1852z, N increased
yield little, 144 kg N ha ! gave only 2.53 t grain hat,

TABLE 8

Effect of nitrogen on the yield of barley, Hoosfield, 1970-75
(grain, t ha=!, at 85 p. 100 dry matter)

N dressing, kg N ha-t
Treatment _—
0 48 96 144
Unmanured ..... 1.30 2.06 2.34 2.53
PKNaMg ....... 1.69 3.64 5.16 5.36
FYM....iovwunun 5.02 5.55 5.39 5.2%

Barley grown continuously and in rotation can only be compared on PK-
treated soils. Barley grown in rotation yielded more than batley grown continuously
at each amount of N tested, but with 96 or 144 kg N ha* differences in yield were
small (table g). Yields of barley grown continuously, given in tables 8 and ¢, are not
identical because the comparison between continuous and rotation barley was made
on soils treated with castor meal from 1852 to 1966. With the smaller amounts of
N yields were larger on soils with castor meal residues than on those without. Howevet,

~
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Julia barley grown continuously and given sufficient N yielded almost the same on
soils with and without castor meal residues.

When no N was given, barley after beans in the three-course rotation yielded
1.6 t ha—* more than barley grown continuously (table ). The N residues from beans
cannot, however, be valued in terms of a fresh N dressing because barley after
beans was probably less affected by any soil-borne pathogens than barley grown
continuously.

TABLE @

Effect of N on yields of barley grown continuously
and in votation (Y), Hoosfield, 1970-75

(grain, t ha-l, at 85 p. 1oo dry matter)

N dressing, kg N/ha—1
Barley grown —

0 48 06 144
Continuously .... 2.39 413 b.45 5.45
Inrotation ...... 4.00 5.23 5.68 5.76

{(*) TFor PK dressings see table 1.

THE EXHAUSTION LAND 1852-1974

1852-1901. JouNsTON (1970) summarised the results from many short period
tests made by LLawgs and Gir,BERT which valued residues of fertiliser and FYM
dressings. However, the most outstanding experiment on the value of P and K resi-
dues started in 1902 on the Exhaustion Land and still continues. Experiments made
on the site from 1852 to 1go1 were described by WARREN and JOHNSTON (1900).

Between 1856 and 1874 varjous combinations of N, P and K fertilisers were tested

on winter wheat. In 1876 extra fertiliser treatments were included and a test of
FYM introduced. Potatoes were grown each year from 1876 to 1901. Estimates of
total amounts of P and K applied in fertilisers and FYM between 1856 and 1901 ate
in table 10. The residual values of these nutrients have been tested since 19o02.

1902-1940. No fertilisers were applied and cereals were grown except on plots 5
to 10 which grew legumes during 1905-11. Cereal yields were increased in the first
year or two where inorganic N was given before 190z ; there were larger effects,
which persisted longer, from residues of FYM. Subsequently yields were recorded
only between 1917-22 and during this period neither fertiliser nor FYM residues
increased yields ; presumably too little N was mineralised from any extra organic
matter in the soil.

1941-1974. Barley, given N only, was grown each year, N dressings were
63 kg ha— during 1941-62 and 88 kg ha* during 1963-74. Soil analyses in 1951 and
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1974 are in table 10 as are yields of three varieties of barley grown between 194074,
In 1949-62 vields of Plumage Archer were almost doubled by the combined effeet
of P and K residues from either fertilisers or FYM which had, by then, been in the

TABLE IO

Yields of bavley during 1949-74, P and K in soil
and estimated total amounts of P and K given durving 1866-1901,
Exhaustion Land

Treatment
— —
No P Residues of Residues of
ili FY
No K (1) PK fertilisers M

1856-1901 (2) 1876-1901 (3)

S - — = —_— ——

P and K applied 1856-1901

P kg hat 0 1410 1 260
K kg ha! 0 5070 3 920
Soil analysis 0-23 cm depth

Total P 1951 570 748 761

mg kg1 1974 535 657 675
NaHCOy-soluble P 1951 7 23 27
mg kgt 1974 2 8 12
LExchangeable K 1951 T4 131 106
mg kg™t H 1974 69 96 87

S —_— = - N —
Barley grain, t ha™!, at 85 p. 100 dry matter

1249-62 Plumage Archer (%) 1.76 2.90 3.13
1964-69 Mayis Badger (5) 1.73 3.62 4£.29
1970-74 Julia (%) 1.83 4,32 4.75

(1) Averagz of 4 plots, one of which was given very small dressings of P and K in 1876-81.
(2) Average of 3 plots.

(3) Average of 2 plots.

(*) Average of 1) crops each given 63 kg N ha™'.

(5) Average of 6 crops each given 88 kg N ha™L

(8) Average of 5 crops each given 88 kg N ha=™,

soil for between 50 and 100 years. Since then yields have been much the same each
year on soils without residues. Newer varieties, Maris Badger and [ ulia, have
yielded more than Plumage Archer on soils with residues (table 10). Soils with PK
residues now yield about as much grain per hectare as the average of all barley crops
grown in Tingland and Wales. Results for one plot (g) are excluded from the averages
given in table 1o because less K was applied during 1850-1901 than on other fertiliser
plots. However, yields on plot g during 1970-74 were only about 0.5 t grain ha' less
than on PK residue plots, suggesting that the residues acted mainly through the P
they supplied.
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1957-1958. To test whether the PX residues would increase yields of crops other
than barley six crops were grown each year in 1957 and 1958. P and K were tested
separately, dressings of NK were given where P was tested and NP where K was
tested. In addition, the effects of new dressings of P and K were also measured.
Table 11 summarises the yields, they were discussed in detail by JOHNSTON, WARREN

and PENNY (1970).
TABLE II

Effect of P and K residues and drvessings of new P and K on six crops,
Exhaustion Land, 1957-58 (1) '

Experiments testing P Experiments testing K
Yield on soil Yield il o
Crop P given 7| Effect K oi B on sot Effect
. of P given =
kg ha=' | without with esid kg ha—t | without with O.f K
residues | residues | FE5'9UeS residues | residues FSIEUeS
Barley 0 2.03 341 | .08 0 3.34 3.54 0.20
grain 56 3.49 3,48 — 0.01 63 3.56 3.56 0'
t ha=t response 1.46 0.37 response 0.22 0.02
Spring ?vheat 0 2.38 2.81 0.43 0 3.31 . 2.99 . — 032_
grain 56 3.29 3.01 — 0.28 63 3.23 2.99 — 0.24
t ha™! response 0.91 0.20 response | — 0.08 0 .
Potatoes 0 12.8 211 | 8.3 0 1741 l_ 27.6 ‘ 10.5_
tubers 56 32.6 32.6 0 126 31.1 36.7 5.6
t ha=t response 19.8 11.5 response 14.0 9.1
Sugar beet 0 3.84 567 | 1.83 0 4.87 6.15 N _1.28_
sugar 56 5.72 6.00 0.28 126 5.67 5.43 — 0.24
t ha—t Tesponse 1.88 0.33 response 0.80 — 0.72
Swedes 0 21.3 38,9 | 17.6 0 37.7 _487 _ _9.0_.
roots 56 447 449 0.2 63 40.2 47.7 7.5
t ha—1 response 23.4 6.0 | response 2.5 1.0
Kale 0 37.2 48.2 11.0 0 50.7 53.0 2.3
¢ hat 56 50.5 53.7 3.2 126 45.7 57.2 11.5
response 13.3 5.5 response 4.2 4.2

(*) From JouNsTON, WARREN and Prnnvy (1970).

Where P was tested all six crops yielded more on soils with P residues than on
soils without ; 56 kg P ha? as a fresh dressing increased yields of all crops and
vields were much the same on soils with and without residues. This result contrasts
with that given by MarTIiNGLY and JomnstoN (this Conference, table 3) for the
Agdell experiment. A single dressing of new P to starved and enriched soils did not
give the same yield on both ; soils with residues always yielded more. Why crops
responded differently on the Exhaustion Land is not known. The soil is comparatively
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easy to cultivate and may possess some physical property that allows roots to 1o
readily. Freshly applied nutrients may therefore be more accessible on this‘%\-‘}
than on a more ‘difficult’ soil like that on Agdell. A similar explanation could v
account for the large benefit in recent years of the old PK residues.

There were large increases in potato yields due to K residues-in soil and
freshly applied K, but cereal yields were increased hardly at all. However, b;n-]eﬁ
yields were not large during 1957-58 and newer varieties now grown might gi\,y
small responses to K. Vields of swedes, sugar beet and kale were all larger on mi]e.
with K residues than on soils without, responses to fresh K were more variable, ’

il]S(}

EXPERIMENTS ON WHEAT AND BARLEY GROWN
EACH YEAR AT WOBURN

In 1876 the Duke of Bedford made available a farm at Woburn in Bedfordshire
for agricultural experiments ; initially there were two, one tested the residual value
of animal feedingstuffs (MarTINGLY and JoHNsTON, this Conference), the other the
effects of fertilisers and FYM on wheat and barley grown each year. They were
supervised by the Royal Agricultural Society of England. The results were discussed
in detail by RussErL and VOELCKER (1936) and were summarised by JOHNSTON (1975)
The Woburn Experimental Station has been supervised from Rothamsted since 1921,

1877-1926. During 187%-1906 the amounts of fertilisers tested were the same as
on cereals at Rothamsted ; except that the larger amounts of N were not tested on
wheat and FYM dressings were less. Thus the effects of fertilisers on cereals grown
on c.lay loam soils at Rothamsted and on sandy loam at Woburn could be compared.
During 1877-86 yields of both wheat and barley were much the same as they had

TABLE 12

Yields of wheat and barley grown in the Continuous Wheat
and Barley experiments, Woburn (%)

(grain, t ha~!, at 85 p. 100 dry matter)

Wheat Barley
Treatment _— - — | — ————
1877-86 1917-26 1877-86 1917-26
1.08 0.46 1.56 0.49
1.13 0.56 1.35 0.59
1.63 0.04 2.30 0.09
1.50 1.02 2.35 0.67
2,04 0.64 2.57 0.30
2.12 1.08 2.73 0.97
1.76 1.20 2.39 1.54

() From Jomnstown, 1975.

v)
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heen in the first decade of the comparable experiments on Broadbalk and Hoosfield.
The effects of the manures were much the same too ; PK fertilisers alone had little
effect but N increased yield considerably. NPK fertilisers gave the largest yield,
larger than FYM, probably because the small dressing, 20 t ha—!, supplied too little N.
As at Rothamsted the residual effect of fertiliser N dressings, applied in alternate
years, was small.

The fertiliser dressings were considerably decreased after the first 30 years;
this decision was probably taken because yields in the early 19oos were poor and
the amounts tested in earlier years probably appeared excessive relative to those
used by farmers on light soil. From 1907 N dressings were halved, P was decreased
to about two-thirds and K to a quarter of the original dressings. The FYM dressing
was also decreased and Na and Mg no longer applied. Yields of wheat and barley
during 1877-86 and 1917-26 in table 12 show how large was the decline, though it
was less on FYM-treated soil than on soils given fertilisers. However, it is impossible
to tell how much yields were affected by the decreased fertiliser dressings and how
much they diminished because of increasing soil acidity.

We now understand more clearly why vields declined at Woburn in the 189os
but, at that time, little was known about the concept of acidity or how to measure
it. Jounsron and CHATER (1973) recently re-analysed soil samples taken during
1876-1959 and showed how acidity gradually increased in all soils, especially quickly
where ammonium sulphate was given. Increasing acidity and competition from
weeds tolerant of the acid conditions decreased cereal yields considerably. Field
tests of liming started in 18¢8. Chalk, 10 t ha~!, applied to the most acid soils increa-
sed yields of wheat from 0.36 to 1.25 t grain ha=* and of barley from 0.22 to 1.3 t
grain ha—' during 1go7-16. Studies on soil acidity continued and VOELCKER (1923)
concluded that the research at Woburn was the first to yield results on the effects
of soil acidity and the use of lime to remedy this.

1927-1955. No P, K or FYM were applied after 1926 except for a few very
small dressings on some plots (JounsToN, 1975). However winter wheat and spring
barley were still grown during 1927-55 to measure the effects of fallowing and test
different amounts of N as ‘Nitro-Chalk’. During 1943-55 soils previously given
ammonium sulphate were so acid that crops were not sown and on other plots crops
failed in some years. The best crops grown in this period were, however, only a
little larger than those in 1877-86.

1955-1974. In 1953 it was decided to lime all soils to about pH 6 (in water)
their soil reaction in 1876. The first chalk dressings were applied in 1955. JOHNSTON
and CHATER (1975) described changes in soil pH, amounts of chalk applied and
losses of chalk from the surface soils between 1954 and 1959. By 1959 the pH of all
surface soils ranged from 5.7 to 5.9.

Vields during 1943-54 showed some residual effects from PK applied either
as fertilisers or FVM during 1877-1926. So, on part of the experiments, between
1960 and 1962 the value of the residues were tested for potatoes, sugar beet and
barley as they had been at Rothamsted on the Exhaustion Land and Agdell ; Jouns-
ToN, WARREN and PENNY (1970) discussed the results in detail, they were more
like those on Agdell than on the Exhaustion Land. Crops were always larger on
soils with residues than on those without, even when new dressings of P and K
were given.
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Wheat and barley, both given 112 kg N ha-!, were grown on the remainiy
plots during 1959-62, yields were about double the best in 1943-54. Liming hag
been beneficial.

1966-1974. Although cereal yields had been increased by liming, a new experi.
ment was started in 1966 on a third of each site to attempt to increase yields stij
further. Wheat was still grown on the wheat site, barley followed barley. Cereals
grown continuously were compared with those in a five-course rotation : one-year
grass ley followed by potatoes and three cereal crops. Generous dressings of P ( 57 kg
P ha=') and K (215 kg K ha- ') were given each year, magnesian limestone was ap-
plied regularly to prevent serious acidity developing and four amounts of N were
tested. Yields of both cereals were much better than any grown previously (table r3)

TABLE 13

Effect of mitrogen on yields of wheat and barley grown both continuously
and in votation, 1969-74, Woburn

(grain, t ha-1, at 83 P- Too dry matter)

Wheat
N dressing kg N ha-!
[ 63 126 189 | 252
me S 1
st wheat after potatoes ... ., ‘ 344 | 450 | 4.52 | 4.28
2nd wheat after potatoes . ... | 2.51 3.50 | 3.42 3.28
3rd wheat after potatoes . . .. 1.92 2.92 | 3.07 | 3.11
Wheat grown each year . , ., | 2.40 | 3.11 3.40 | 2.95
| |
Barley
_— — —_— = -— - =
| N dressing kg N ha-t
‘ 50 100 | 150 | 200
— _— | I - — —
st barley after potatoes. ., .. 3.98 | 4.93 5.09 4.82
2nd barley after potatoes l 3.44 ‘ 4.82 £.91 4.90
3rd barley after potatoes ., .. ‘ 3.32 4.63 471 4.66
Barley grown each year ..... i 2.74 | 4.06 | £.58 4.69

Best yields were given by crops immediately following potatoes but the optimum N
dressing was not always the largest amount tested. When barley yields in the diffe-
rent crop sequences were compared, barley grown continuously yielded least except
when most N was given. The best vield of continuous wheat was larger than that
of the third wheat after the break. Both N and crop sequence affected yield ; the

differences may be explained when data for the incidence of soil-borne pathogens
on these crops are summarised.

——— e —
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PLANT NUTRIENTS IN CROPS

Amounts of N P K Na Ca Mg at harvest in well-manured crops grown in the
1050s-19600s are in table 14 ; detailed results are elsewhere : Broadbalk (Jomxsrox,
1969 a), Hoosfield (WarreN and Jomnsron, 1967) and Barnfield (WARREN and
JounsTON, 1962). The amounts are those in grain plus straw and in tops plus roots,

TABLE T4

Amounts of N, P, K, Na, Ca, Mg in crops at harvest on Broadbalk,
Hoosfield and Barnfield

o —1 (1
Experiment ] kg element ha—1 (1)

i — Crop Treatment — — - — —

andy N P ‘ K Na Ca Mg

|

e = FEE = _ | | | - —

Continuous | FYM 63 ) 13 38 07 | 7 4.9

J. JaM 15 q 5

Broadbalk wheat N,PKNaMg 76 | 15 | 39 ‘ 0.7 10 5.7
P — === | IR (N - _ s

1265°071() 1st wheat FYM 121 21 | 80 | 1.0 16 9.1

after fallow NyPKNaMg 90 | 15 25 1.0 | 14 7.1

Hoosfield Continuous [ FYM 79 | 21 G6 1.9 11 | 67

1964 and 1966 (%) barley N,PKNaMg [ a3 | 20 55 | 1.7 ‘ mop 7.0
| — e S——— R——— - =

Mangolds ‘ FYM 54 13 137 27 | 18 6.6

J 4 4 5

Barnfield i EIZPKNaMg | _85 . _16 mi_ A3 [ 17 8.5

- 4 f ===
1958-59 () T FYM | 6o | a2 | 109 | 20 | 26 | 112
HEsTibe N,PKNaMg 85 12 128 2 23 10.1
| | |

(*) In grain plus straw of cereals and tops plus roots of root crops.
(*) From Jounstown, 1969 a, variety Squareheads’ Master.

(°) From WarrEN and Jonnston, 1967, variety Maris Badger.

*

From WARREN and Jomnston, 1962.

3
4

Grain and straw were always removed from the plots but tops of root crops on
Barnfield were left to be ploughed in. Cereals, except those grown continuously,
contained more N, P and K on FYM- than on PK-treated soils. Root crops on
Barnfield removed more N and K from PK- than from T'YM-treated soil. All crops
removed much the same amount of Mg ; there was a little more Ca in the root Crops.
Cereals contained little Na, there was much more in the root crops grown on Barn-
field, 88 kg Na ha—' was given with the fertiliser dressings but no extra Na was
given with FVM,
The percentage recovery of added nutrients is calculated as :

amount in treated crop minus amount in untreated crop
amount applied

X 100
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this is. often. used as a measure of fertiliser efficiency. Percentage recoveries of p
and K are usually small, less than 20 p. 100, because these nutrients are not Very
mobile in soil and soil reserves supply much of the plant’s requirements. For elementg
not readily lost from soil by leaching it is often more important to consider amountg
removed in relation to amounts applied. If the amount applied exceeds that removeq
then measurable residues accumulate in soil. Results given earlier, especially for
the Exhaustion Land, show that these residues can be used by crops. If removalg
exceed supply the excess must be at the expense of soil reserves and this may dimi.
nish yield of following crops.

At present little is known about the fate of N not taken up by the crop for which
it was given. Little of the residual N remains in soil for long. JoHNSTON (1970)
calculated that after 130 years of manuring on Broadbalk extra soil N accounted
for less than 5 p. 100 of residual fertiliser N and less than 15 p. 100 of residual FVYM-N.
He also showed that recovery of added N in these experiments at Rothamsted was
often very much larger than in other long-term experiments. This was because crops
grown on soil given no N for so long removed only small amounts, wheat, barley,
potatoes, sugar beet and grass have all removed between 30 and 35 kg N ha-! each
year since the mid-1g60s.

PLANT NUTRIENTS IN SOILS

Plant nutrients in the soils have been progressively impoverished or enriched
depending on manuring and cropping. Detailed soil analyses have been given for
Broadbalk (JounsroN, 1969 b), Barnfield (WARREN and JoHNSTON, 1962), Hoos-
field (WARREN and JoHNSTON, 1967), Woburn (Jounsron and CHATER, 1975 and
MarrincLy, CHATER and JOHNSTON, 1975) and the Exhaustion Land (JornsToN
and Pour1IoN, 1977).

Nitrogen. Broadbalk and Hoosfield soils were sampled by Lawgs and GILBERT
and samples have been taken since. Figure 2 @ and b show changes in soil N with
time for Broadbalk and Hoosfield respectively. After the first few years N percentage
in the unmanured soils changed little and adding PK fertiliser had little effect.

On Broadbalk soil, N increased by 0.015 percentage N during the first 20 years where j) )

N, PKNaMg fertiliser was given, p. 100 N then remained remarkably constant., *

Five plots on Broadbalk have comparable manuring and yield similarly, all five
soils contained 0.114 -+ 0.00I p. 100 N in 1966. The increase in N content is thought
to come from the N in the larger plant residues returned each year to the soil rather
than from inorganic N accumulations. Similar small increases occurred on Hoosfield.
Soil N increased much more where annual dressings of 35 t ha—* FYM were applied.
I'YM-treated soil contained 0.25 p. 100 and 0.29 p. 100 N on Broadbalk and Hoos-
field respectively in the 19bo0s.

Much of the variability in percentage N in unmanured and fertiliser treated
soil reflects changes in methods of sampling and analysis (JOHNSTON, 1969 b). Howe-
ver, on Broadbalk some of the decline in percentage N of FYM-treated soil between
1914 and 1936 must be due to extra fallowing for weed control during 1926-29.
Once the fallowing cycle (one year in five) was established in 1931 soil N increased
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again. More N accumulated in soils where continuous wheat was reintroduced in
1952 than in soils which continued to be fallowed (JounsroN, 1969 b).
The effects on soil N of fertiliser and FYM treatments lasting more than 100

years are summarised in table 15 for the Broadbalk, Hoosfield and Barnfield expe-
ritnents,

(a) Broadbalk soils

300
0. L]
/ \\\Q’-O-—"—-‘ﬂ
.200 | /0
o—0
e
7 00— g—g—
= 100} {--w_—_= R\ 7 E_ﬂ f
8 (estimated)
>
% oL
.fa- (b) Hoosfield soils
£ 300 I—
= /0
o
& 200 A
//
,I
o ——— —
100 - SR k. —_
{estimaled) “'E—__'_—- ? 0
oL
1 | i i i | | i i i PE— 1 i i
18RN 1900 195N 1980 Years
Yic. 2. — Changes in the nitrogen content of Broadbalk and Hoosfield soils treated with

farmyard manure, O ; NPK fertilisers, [ ; PK fertiliser, A ; or unmanured, V.

a) Broadbalk soils
b) Hoosfield soils

TABLI 15

Effect of manuring on the total N content of soil,
Broadbalk, Hoosfield and Barnfield

(JouNSTON, 1976)

Experiment Broadbalk Hoosfield 1 Barnfield

_— Mean of three
Year started 1844 1852 1843 experiments
Year sampled 1966 1965 1958

i | . '_ = |

Treatment and effect Percentage N in air dry soil 0 to 23 cm depth

0.101

Unmanured oevevssesossanans 0.099 0.092 0.097
FE S, -+ 0.007 + 0.007 + 0.006 i -+ 0.007
=3 CO I + 0.008 + 0.009 — 0.004 + 0.004
Lffech of | ' NPK sommmsaeing + 0.016 — 0.001 1+ 0.004 + 0.006
TYM siaiiatisssins + 0152 4+ 0.181 +0.138 4+ 0.157
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Soil N changed much more dramatically with time on the light soil at Wobury,
(MarTINGLY, CHATER and JOHNSTON, 1975). On all soils without FVM percentage N
decreased from 0.135 p. 100 N in 1888 to 0.103 p. 100 N in 1927. FYM, 19.7 t ha-
applied between 1877 and 1906 slightly increased soil N by 1888. Then, in Iqt);,
the FYM dressing was decreased to 14.8 t ha-! and by 1927 FYM-treated soil coyy.
tained less N than in 1876 when the experiment started. Figure 3 compares changeg
in N content of some Woburn soils with those on unmanured soil on Broadbaly
(taken from fig. 2 a). The lines are strikingly different. The N content of Wobury
soil, about 0.156 p. 100 N in 1876, has approximately halved in 100 years wheregg
in the Rothamsted soil it has remained almost unchanged.

%
2 200
g -
£ >—o Broadbalk soils
O 100 oo R\"’"—-O- —= °
€ —— DL:-__\Q\O
=z Woburn soils
2 0 L I L t i L | i I L L | i L i
1850 1900 1950 1960 Years
Y16, 3. — Changes in nitrogen content of unmaniured soil, e from Broadbalk, Rothamsted compared wity,

those in unmanured or N only treated soil, o, from the Continuons 1 heat and Barley experiments, Woburn
(from MATTINGLY, CHATER and JOHNSTON, 1975).

These results from Woburn are relevant to the problem of maintaining the
organic matter content of light land used for all-arable cropping. They suggest that
only very large amounts of FYM would maintain soil N content.

Phosphorus

Readily soluble P is now extracted from soils using 0.5M-NaHCO, (pH 8.3).
Unmanured Broadbalk and Hoosfield soil contains about the same amount of soluble
P (table 16) but the amounts are larger than in similarly unmanured soils on Agdell
or at Saxmundham (MATTINGLY and JoHNSTON, this Conference). Results from Agdell
and Saxmundham suggest that at the level of soluble P in unmanured Broadbalk”

)

and Hoosfield soil cereals would respond to fresh P fertiliser. There is much more P

on the unmanured Barnfield soil because some P was applied during 1843-52. These
residues, which have been in the soil for more than 100 years still increase soluble P
compared with the amounts on Broadbalk and Hoosfield.

Where P has been added as fertiliser or FYM, which supplied similar amounts
of P’ (table 1), the soil now contains much soluble P. On Barnfield soils treated with
N,PKNaMg and N,*PKNaMg both contain much the same amount of total P,
1170 and 1 200 mg P kg—', but very different amounts of bicarbonate-soluble P,
99 and 56 mg P kg~ respectively. Soils treated with N,PKNaMg had become quite
acid by the early 1950s and were limed to pH 7 ; the acidity appears to have enhanced
the bicarbonate-soluble P.

Differences in the amounts of bicarbonate-soluble P in P-treated soils which
have remained neutral or calcareous in these three experiments probably reflect
differences in the buffering capacities of the soils.

ENGLAND — FERTILIZER EXPERIMENTS IN MONOCULTURE 951

TABLE 16

Bicarbonate-soluble P and exchangeable K in soils from Broadbalk m,
Hoosfield (%) and Barnfield (%)

Experiment Broadbalk Hoosfield Barnfield
Year 1966 1965 1958
Treatment P, mg kg™, soluble in 0.5M-NaHCO,
Unmanured .......... 8 5 23
PKNaMg .......c.... 80 126 59
N PKNaMg....uuenn,. 88 103 99
N*PKNaMg ..o.ovvvnenn 67 110 56
FYM ...:sesesssses 97 102 83
K, mg kg1, soluble in 1N-ammonium acetate
[ 1
S ) P— — | —
Unmanured ,,,....... 102 87 | 180
PKNaMg .......000ss 364 433 620
N PKNaMg....vvuuun. 341 362 480
N*PENaMg v.vuyrnnss 319 410 450
FYM ..... couwswnmisa 655 758 540

() From JounsTon, 1969 b.
(*) From WARREN and Jonwston, 1967,
(") From WarreN and Jounsrown, 1962,

Responses by cereals to soil P (MarrinerLy and JouNnsron, this Conference)
suggest that there would be no response to fresh P on any of the P-treated soils in
these experiments. Modifications to be made on Barnfield in 1974 will test this.

Potassium

The exchangeable K content of some soils from three experiments are in table 16,
The unmanured soils on Broadbalk and Hoosfield contain less exchangeable K than
similar soils on Barnfield which contain more clay. More than twice as much
fertiliser K was applied on Barnfield than on Broadbalk or Hoosfield so fertiliser
treated soils on Barnfield contain more exchangeable K. Dressings of FYM however
were the same in all three experiments and more K was removed in the roots from
Barnfield than in the grain and straw of the cereals on Broadbalk and Hoosfield.
There is now less exchangeable K in FYM-treated soils on Barnfield than in simi-
larly treated soils on Broadbalk and Hoosfield.

Regu pour publication en mai 1976.
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RESUME

EXPERIENCES D¥, TERTILISATION DE IONGUE DUREE SUR MONOCULTURE
DANS LES STATIONS EXPERIMENTALES DE ROTHAMSTED ET DL WOBURN :
EFFETS DES TRAITEMENTS SUR TES RENDEMENTS ET IL’ANALVSE DES SOLS,

ET BUT ET PLAN DES MODIFICATIONS INTRODUITES RECEMMENT

_ Ce mémoire fait I'historique de six expériences de longue durde et discute les effots des
traitements sur les rendements et sur les sols, ainsi que le but des modifications i|1t1'o:i|1||-‘-Lh
récemment. Quatre de ces expériences sont situdes i Rothamsted, et les deux autres A \VOIJIII'L
Les cultures sont les suivantes : blé d’hiver sar le champ désigné par ‘Broadballk’ IS.[.{—[(}""H:
plantes racines sur ‘Barnfield’, 18 3-1975 ; orge de printemps sur * Hoosfield’, 185 2—1:}75 ; {:ér-:‘--fl-, .
sur ‘I'Exhaustion Land’, 1856-1975 ; et blé et orge & “Woburn’, 1876-1075. ' o o

Jusqu'a tout récemment les mémes cultures se succédaient tous los ans sur les mémes par
celles. Quoique la pratique de assolement it bien établie dans Jes années 1840, Lawes et {illi.u]pl:--
avaient considéré qu'en rompant avec la tradition et en cultivant une 1>I:m{'.(; en monoculture, k'l[
serait possible de comprendre ses Desoins nutritionnels, o

Les expériences de Rothamsted sont établies sur sol limone-argileux (20 4 28 p. 100 dargile)
contenant un peu de CaCOy (1 & 3 p. 100} ef celles de Woburn sur sel sablo-limoneux (1o p. roo
d'argile) légtrement acide & 1'origine. . .

Les rendements des parcelles sans engrais ou avee fumier de ferme ont été mesnrds ot compards
& cenx des parcelles recevant des substances inorganiques contenant NPK NaMgSi, a.pp!iquﬁzl--q
scules ou en combinaisons varides. Iin géndral, on n'a testé qu'une seule dose de fumier el e
PKNaMg, mais plus de K était apporté aux plantes racines qu'aux céréales, La quantite d'élé-
ments fertilisants apportée par les engrais et le fumier excédait celle prélevée par les meilleurcs
récoltes. On a comparé plusieurs doses d’azote, ainsi que les formes de 'azote apporté (nitrique ot
.'lm!nrmiﬂcalL A la suite de modifications récentes, les mémes doses de fumier et de PKMg ont ;'-.i.r:
maintenues, mais tout I'azote est apporté maintenant sous la forme de “Nitro-Chall’ et ;.ur
compare aussi des doses d'azote plus élevées. '

Les premiers résultats ont démontré de fagon concluante
produire le méme rendement que le fumier, que l'azote était plus important que PEKNaMg, ct
qu'une nouvelle dose d'engrais azoté était néeessaire tous les ans. P s'est révélé plus impnrllmsi
que K pour l'orge sur le sol plus lourd de Rothamsted. L'altération des minéraux argileux fournit
plrubal)lcm?ul_cncorc assez de K pour une récolte de céréale atteignant environ 5 t de grains i
'hectare. Sur Broadbalk, on a testé I, Na et Mg appliqués séparément et & doses équivalentes ;
les rendements ont peu varié, sans doute parce que Na et Mg ont provoqué une libération addition.
nelle de K dont le blé a pu bénéficier,

Le sulfate d’ammoniaque qui a été, depuis longtemps, une source importante d'engrais
azotd, a prn_wuqné une augmentation des pertes de CaCO, dans les couches supérieures du sol.
]:cs‘ sols qui en ont regu les doses les plus fortes, particulidrement ceux qui contenaient peu de )
CaCOy, ont subi une telle acidification que les récoltes en ont été réduites. On utilise aujourd hui
peu de sulfate d'ammoniaque mais les sols continuent & perdre du CaCQ,. Les résultats de ces
expériences ont démontré comment 'acidification des sols peut provoquer ::II'IC sérieuse réduction
des récoltes, alors que ¢’est 1a un des phénomeérnes les plus faciles et les moins cofitenx a c;]rr;gar

Le désherbage a toujours été un probléme, particuliérement en ce qui concerne les céréales
semdes en ﬂm;om ne. Jusqu'd la premidre moitié des anndes 1920, méme les céréales étaient réoulie
rement soumises & un binage manuel, mais cette pratique devint trop cotiteuse ef, sur Brtmcrballc
an cinquieme du champ fut tour & tour mis en jachére une fois tous les cing ans. ]Z'In'cc quiconccrm’r
1<3rgc de printemps, le désherbage était plus facile, les plantules de mauvaises herbes étant éli
mindes par les fagons culturales de la fin du printemps. On utilise maintenant des h.erbicides sur
la totalité du champ de Broadbalk, exception faite pour une toute petite partic. Quoique sur
Jf}mmlbzalk la jachére fut introduite par nécessité, elle conduisit au développement de quatre pro
g'rzumu(:s de recherche importants : la biologic des plantes adventices, les insectes nuisibles
Vefiet de la jachére sur la fourniture d'azote of sur les rendements, et Uincidence des maladies
crypltogamicques sur le blé. h

Méme au cours des premi¢res anndes, LAWES ot GILBERT avaient prélevé des échantillons
de sol, et les changements dans le taux des éléments fertilisants ont pu étre ainsi mesurés. Les sols
Tecevant des engrais minéraux ont accumulé trés peu d’azote & Rothamsted et en ont er&u beau-
coup & Woburn ; ¢’est seulement dans les sols ayant regu annuellement de fortes dosef; de fumier

5

que les engrais mindraux pouvaient

/

i(

|

koy,
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qu'en a pu noter un accroissement de la teneur en azote. Jusqu'd tout récemment, sur Broadbalk,
environ 4o p. 100 seulement de I'azote apporté par les engrais minéraux et moins de 20 p. 100 de
celui amené par le fumier étaient exportés par les récoltes. Méme aprés 130 ans, moinsde 5 p. 100
de 'azote provenant des engrais azotés et moins de 15 p. 100 de l'azote du fumier se retrouvent
dans le sol.

Dans les parcelles ayant regu du superphosphate, tout le P résiduel se trouve dans la couche
arable du sol ; dans les parcelles avec fumier, une 1égére quantité de P est passée dans le sous-sol.
En ce qui concerne le K, son accumulation dans le sol a varié avec la quantité de K apportée, la
culture et la quantité de K prélevée par cette culture.

On a évalué les effets résiduels de P et K sur une série de cultures. Les sols contenant P ou
K résiduels ont toujours donné des rendements supérieurs & ceux des sols qui n’en contenaient
pas, a la cendition que tous les autres éléments fertilisants y aient été présents en quantité suffi-
sante. En général P s’est révélé plus efficace que K surtout 4 Rothamsted ot les sols libérent encore
un peu de K tous les ans. L’introduction de nouvelles applications de P ou de K dans l'essai a
produit des résultats plus variables. Dans certains sols, une nouvelle application d’engrais 4 un
sol appauvri n’a pas élevé les rendements comparativement 4 ceux obtenus dans un sol enrichi
mais sans nouvelle addition d’engrais. Dans d’autres sols, une nouvelle application d'engrais a
produit les mémes rendements sur sol appauvri comme sur sol enrichi. On ignore les raisons pour
lesquelles ces sols se comportent différemment ; des différences de structure pourraient étre invo-
quées.

Le résultat le plus important de ces expériences est peut-étre le fait que les rendements, par-
ticuliérement en ce qui concerne les céréales, n’ont pas diminué aprés plus de cent ans de culture
continue. Les derniers rendements ont été les plus forts, en partie parce que les variétés utilisées
aujourd'hui donnent de meilleurs rendements, et en partie en raison de 'amélioration des fagons
culturales, y compris meilleur désherbage et meilleur contrdle des parasites et des maladies. Les
maladies et les parasites transmis aux plantes par I'intermédiaire du sol n’ont été étudiés systéma-
tiquement que tout récemment. On était & peine averti de leur importance au cours des années
1840, quoique nous sachions aujourd’hui que le succes de 'assolement était dit au contrdle que
les rotations exergaient sur eux. On compare maintenant les rendements du blé et de I'orge en
culture continue et en rotation sur Broadbalk et sur Hoosfield. IEn général, les rendements maxima
sont produits par les cultures en rotation, et la dose optimum d’azote se trouve généralement
inférieure a celle requise par les céréales en culture continue.

Une autre modification récente consiste i apporter de I'azote minéral aux parcelles avee
fumier. Ces pareelles, ayant regu du fumier pendant de nombreuses anndes, contiennent plus de
matidre organique que celles traitées aux engrais minéraux. Le rendement des plantes racines
est notablement plus €levé sur les pareelles avee fumier et azote minéral que sur les parcelles ne
recevant que des engrais minéraux ; mais il y a peu de différence dans le rendement des variétds
modernes de céréales sur les deux sols & la dose optimum de N. On se propose aussi d'étudier
ultérieurement 'effet de 'accroissement de la matiére organique du sol sur des prairies temporaires
de durée variée.

ZUSAMMENFASSUNG

VERSUCHE BEZUGLICH DES FORTTLAUFENDEN WACHSTUMS BESTELLBAREN KUI/LUREN
IN DEN VERSUCHSZENTREN VON ROTHAMSTED UND WOBURN
WIRKUNGEN DER BEHANDLUNGEN AUF DIE KULTURERTRAGE UND BODENANALVYSEN
UND NEUE VERANDERUNGEN VOM ZIEI, UND PLAN

In dieser Mitteilung werden sechs Feldversuche beschrieben, die zwischen 1843 und 1877
angelangen worden sind Alle gehen noch mit verschiedenen Verdinderungen weiter und die lirgeb-
nisse fitr verschiedene zwischen 1843 und 1975 erfassten Perioden sind gegeben. Die Versuche
betrafen zuerst den Nihrstoffbedarf von Weizen-, Gerste- und Ritbemonokulturen. Die Ertriige
mit und ohne Stallimist werden bestimmt und mit den mit getrennten oder verschieden komibi-
nierten mineralischen NPKNaMgSI Gaben erzielten Ertrigen verglichen. Diese Versuche zeigten
bald dass die chemischen Diinger die selben Ertrige wie der Stallmist ergeben und lassten die
relative Bedeutung von N, P und K fitr die verschiedenen Kulturen hervortreten,

Alle die studierten Diuinger lieferten mehr Nihrstoffe als die Kulturen davon ausnutzzten.
Fast alle die Riickstinde der N-Diingung wurden aus dem Boden weggenommen ; etwas N hat
sich in den mit Stallmistdiingung angereicherten Boden angehaiift, aber davon ist auch in diesen,
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Biden viel verlorengegangen. Das meiste der P-Rickstiinde ist in der Ackerkrume geblic)
aber etwas K wanderte in den Untergrund. Die P und K Ritckstinde kénnen durch Zunalimey,
vom bicarbonatldslichen P und vom austauschbaren I nachgewiesen sein, aber keine di(»._“.,'.
Methoden zur Bodenanalyse erlaubt eine Schiitzung de gesamten Bodengehalts an pflanzeng,,
nehmbaren I? und K. Doch zeigten die Feldversuche dass die Riickstinde fir cine ganze Reih,
von Kulturen verfigbar sind. Im laufe gewisser Vergleichsuntersuchungen waren die 1':1'11'{1%::.-
auf Boden mit Riickstinden immer besser als anf Béden ohne Ritckstilnden, auch wenn ein “ang
neues Diingemittel studiert war, '
Die Béden, denen jahrlich eine Stallmistschicht withrend mehr als 1oo Jahre verabreighy
wurde, enthalten hente mehr organische Stoffe als die, denen nur chemische Diin ger verabreighy
wurden. In den letzten Jahren wurden Sorten mit hoher Ertragsleistung und verbesserte Kulturge.
chniken mit Unkraut-, Schidlings- und Krankheitsbekimpfung eingefithrt, Wihrend diesop
Periode waren die Ertrige der Ritben- und Getreidekulturen in Fruchtfolge auf die mit Siy).
mist angereicherten Béden besser als auf die mit chemischen Diingern angereicherten Bodey,,
Diese Differenz kann nicht mit den im Frithling verabreichten N-Dangerschichten erkluiirt
werden ; ndhere Untersuchungen werden unternommen.

e,

PE3IOME

OUBITH MOHOKYJBTYPH BPEMEHHBIX KYJbTYD Ha SKCIEPUMEHTANLHHIX CTaH-
uuAax B Porxemmrere u BoGspHe. [leiicTBHe pa3ianyHBIX 00paboToK Ha
YPORANHOCTh M aHAJU3B MOoYB. HepaBHUEe M3MEHEHMA Ilejied W opranm-
3allUM IKCIEPHUMEHTOB.

A. E. JTKOHCTOH, T'.E.I'. MOTTUHIJIN.

B panHoit paGoTe ONMUCHIBAIOTCS 6 IIOJIEBBIX OIIBITOB, 3aJI0¥KEHHBIX MEMXIY
1843-m u 1877-m romom. Bee 9Tu OIBITEH TPOTOIIKAIOTCA 10 CUX ITOP € HEKOTOPBIMU
N3MEHEeHUAMU, U B DTOM TPyJe MAITCA Pe3yJbTaThl, [MOJYyYeHHBIE B pPa3iny-
Heie Nepuonsl ¢ 1843-ro mo 1975-ro ropga. CHayvajia B 3TUX ONHTAX M3YYalllCh
HYHIB MOHOKYJBTYD IIIEHUIbI, AYMEHA ¥ TUPOMAIIHBIX KYJIbTYD B IHTATElb-
HEIX dJIeMeHTaX. YposKallHOCTh Ha mouBax 0e3 ymoOpenmii u ymoOpeHHBIX
HABO30M, OfpefeNANach M CPABHUBAJIACH C YPOKalHOCTBIO Ha I0YBaX IOJY-
yapmux N, P, K, Na, Mg, Si B ¢opMe MUHepaJIbHEIX COEXHMHEHMNI, BHECEHHBIX
10 OTAENLHOCTH, WM B PA3lIMYHBIX KQMOMHAmyAX. ONBITH ATH OYEHb CKOPO
MOKA3allM, 4YTO IIPUMeHeHHe MHUHepaJbHBIX yNOoOpeHUNl HaBallo BO3MOMKHOCTH
IOJydaTh YpOXKAU TOro-3ie YPOBHA, YTO U IPUMeHeHWe HaB03a, M YTO MJIA
HEKOTODHIX RYJIBTYP IpUMeHeHNe MUHEePAJIBHBIX YHoOpeHUit wurpaer [o-
BOJILHO BaJKHYIO pOJIb.

)

Bce ncnpoOoBaHHBIe yRoOpeHUs IPUHOCHIIM B IIOYBY KOJIMYeCTBA TIHMTA-
TeIbHBIX 27eMeHTOB GoJibllie 4YeM Te, KOTOPHe BHHOCHJINCH YPOMHAAMU.
Hemncrionb3oBaHHBIN OCTATOYHBIM 30T OB IOYTH IOJHOCTBIO IMOTEPAH NOY-
BOIi; HEKOTOPBIe KOJHUYECTBA ITOT0 JJIEMEHTA HAKOIJIANNCH, IIpaBfa, B I0YBAX
TONIy4aBIIUX HABO3, HO JayKe B 3TOM ciydae GOJbIIAA YacTb a30Ta TEPAIACH.
Boasmag gacTs ocraTounHoro ¢ocdopa ocraBallack B TAaXOTHOM CcJIoe, HO
HEKOTOPO€e KOJNYecTBO KAJIWA MHUTPHMPOBAJI0 B MOA-MoYBy. OcTaTo4HbIE KOJHU-
yectBa P u K MoKHO onpeenuTh 110 YBEJIMYEHHUIO COMEPKAHUSA PACTBOPHMOTO
¢ochopa B OGurapOoHare M IO YBEJNHMYEHHIO COepRAaHWA OOMEHHOTO KaJHA;
HO He CyIecTByeT MeTOHa OIpefeieHUA oOlero KoJUYecTBA YCBOAEMBIX
(pacrenuamu) P m K B mouse. ITosieBsle ONBITH MOKA3AJIU ONHAKO, YTO OCTa-
TOYHBIE KOJIUYECTBA ITUX IJJIEMEHTOB MOIYT OBITH yCBOeHBI OOJBIIAM YHCIOM
, KyJIbTyp. B HeKOTOpHIX CpaBHUTEJBHBIX M3y4YeHUAX VYPpOrKaflHOCTH Bcerjga
0OpliIa MIOBBHIIEGHHOII HA IOUBAX COMED)KaBIIMX OCTATOYHEIE KOJIMYeCTBA IIMTAa-
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ENGLAND -— FERTILIZER EXPERIMENTS IN MONOCULTURLE 955
TEJIBHBIX JJIEMEHTOB, Oaie TOorga, HKOrga B 9HKCIIEpUMEHTE ncnpoﬁmna.nacr:
TIOBBINIEHHAA 1032 KAKOro-HM0yab HOBOrO yHOGpeHusd.

IlouBL1, MONyYaBUINe €#eTONHO HABO3, B TeYeHHH (Oiee cTa JIeT, CONep-
an Gojlee KPYNHbIE 3amackl OPraHMYECKOr0 BelleCTBA, 4eM IIOYBHL 0Gpa-
GaTBIBABIIMECA C IOMOINLIO TOJBKO MUHEDAIbHBIX yhAoOpeHuii. HemaBuo B
ONBITEl GBUIX BBeleHbI Gojiee MPONYKTHBHEIC COPTA, YJydUleHa NMpaKkTHYecKas
CTOPOHA 06paGoTOK, BBemeHa Obuia Takke Gopb6a ¢ COPHAKAMM, BpeEIUTe-
nAMM U Gose3HsAMH. B TeYeHMH DTOTO HOBOTO IIEDHONA YPOSKAKHOCTE KYJb-
THBUDPY€MBIX B CeBOOGOPOTAX NPONAIIHHIX M 3JIaKOB GOJIbIIE YBeJINYHIACH
HAa TOYBaxX IMOJYYaBUIMX HABO3, UYeM Ha II0YBAX MOJYYABIINX MAHEpAIbHOE
yno6penne. 9Ty DasHHULY HEBO3MOKHO 06’ ACHUTH BECEHHHUMU MOMKOPMKAMU
a30TOM, U TOITOMY B HacTOsillee BPeMA HAYaThl HOBBIE HCCJIEJOBAHUS IS
BLISICHEHHSI 3TOr0 BOIpoca.
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