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The Value of Residues from Long-period Manuring at
Rothamsted anl Woburn

I. Introduction

A. E. JOHNSTON

Lawes and Gilbert (1873) found that giving a crop only as much phos-
phorus and potassium as it took up failed to give large yields and in their
experiments they always applied more P and K than the max.imum taken
up by the crop. Provided the excess was not leached from the soil, it
remained as a residue and Lawes and Gilbert (1884) wrote, 'The recent
legislative enactments giving the cultivator of the soil a claim for the
manure ingredients possessing a lxcuniary value which he has applied,
and left in the land, add greatly to the interest of all investigations which
have a bearing upon this important subject'. As Cooke (1967) recently
pointed out, Lawes and Gilbert became closely involved with this impor-
tant aspect of farming and the legislation whereby outgoing tenants were
compensated for the residual value of improvements.

Lawes and Gilbert modified some of their experiments, and later Hall
made some further changes, to measure the residual value of dressings of
farmyard manure (FYM) and fertilisers. These experiments showed that,
when manuring continued for many years and then ceased, soils with
residues yielded better than unmanured soils and the effect of P and K
residues often lasted many years. More rec€ntly, many experiments have
shown that the responses of crops to a single dressing of P fertiliser have
diminished rapidly after the first year, unless large amounts were applied.
By the third and fourth year the eflects were usually too small to measure
accurately, even though as much as three-quarters of the P added as
fertiliser remained in the soil. Although a crop can obtain only a little P
from the residue of a single dressing applied three or four years before, the
total residues from many dressings may supply much, or all, of the P
needed. Similarly useful residues can accumulate from repeated dressings
of K fertilisers.

In the Exhaustion Land experiment at Rothamsted, which last received
P and K fertilisers in 1901, barley grown between 1949 and 1953 with
adequate N, yielded twice as much on the plots giyen P and K last century
as on those not. Howeyer, the crop recovered only an extra z[_5 lb more
P and 1i-20 lb more K/acre/year. This was a very small (less than 0.51)
recovery of the total P arl.d K applied between 1856 and 1901, but acute
deflciency ofone nutrient may have been limiting the recovery ofthe other.
Even so, such small recoveries would not justify a policy of intentionally
building up residues in the soil unless they have merits not possessed by
new annual dressings at usual amounts.

5
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Possible merits of residues in soil are:

1. When thoroughly incorporated in the soil, residues proyide
nutrients throughout the ploughed layer, the low levels of which remain
moister during the summer-

2. Large fresh dressings, which may damage germinating seeds, are
not needed.

3. Residues insure against the poor respons€ to a new fertiliser
dressing, which broadcast on the surface, may not have b€en worked in
deeply.

This series of papers gives the results of experiments made to value the
residues from long-period manuring at Rothamsted and Wobum. Paper
II summarises the results of experiments started by Lawes and Gilbert
and later by Hall. It includes the results of those that have continued to
the present. Papers III, IY and Y give, respectively, the forms ofthe experi-
ments made between 1957 atd 1962 and the results ofthe tests measuring
the value for arable crops of the residues of many dressings of P and of K
fertilisers.

R.EFRENcES

CooKq G. W. O%O The \alue atrd valuation of fertilisel r€sidu€s. Jl R. agric. Soc.
12,,715.

LAwEs, J, B. & Gtr-BERT, J. H. (1873, Report of experimeots oD the growth of barley
for twenty years in luccession on the same lalld. ll R. aeric. Soc.get 2, 9, 89-186,
27!374.

Lawxs, J. B. & GtrrBT, J. H. (18E4) On the continuous groeth of wh€at on the
experirnental plots at RotbarEsted during rhe 20 y€ars 1864-1883. Jl R. agric.
Soc.45,391-481.
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The Value of Residues from Long-period Manuring at
Rothrmsted and Wobun

II. A Srmmary of the Res ts of Experimen8 Started
by Lawes and Gilbert

A. E. JOHNSTON

Lawes and Gilbert made many tests of the value of residues of fertilisers
and manures accumulated in soil during the long-period of manuring in
their exp€riments, and later, Hall made some further tests. Some of these
tests still contilrue. The results, summarised here, were from modifications
made in the following experiments:

Agdeu. Tbis +course rotation experiment, started in 1848, was
described by Warren (1958) and more briefly otpage24,

Bail{uu. Yarious experiments on root crops were made from 1843 to
1959 details of which were given by Warren and Johston (1962).

Broadbalk. Details ofthe treatments to the winter wheat were given by
Johnston and Garner (1969).

Exhatstion Larul, Though mainly cereals have been grown, there was
a manurial experiment with potatoes grown continuously from 1876 to
1901. The history of the site was described by Warren and Johnston
(1960) and more briefly on page 23.

floosfultl Continuous Buley. Warrera and Johnston (1967) gave the
details of the treatments to the barley grown on this site since 1852.

Park Grass. This experiment, started in 1856 to study the manuring of
permanent meadow cut twice each year, for hay and later for aftermath,
rvas described by Warren and Johnston (1964).

Permaunt llhest ard Buley Experimen* a llobwn. The design of
these experiments started in 1876 by the Royal Agricultural Society was
influenced by Lawes and Gilbert. The exp€riments have been conducted
from Rothamsted since I 926 when the management of the Woburn Farm
became the responsibility of the Lawes Agricultural Trust. The history
of the sites is described on page 25.

The efrect of resftlues of nitrogen fertilisers

Winter wteat: rormal dressings of N. Before 1852 l,awes and Gilbert
had showed that a single dressing of inorgaDic N to the srinter wheat on
Broadbalk had little residual efect on the following crop of winter wheat
(Gamer & Dyke, 1969). After 1852 this test, combined v/ith one on the

7
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residual efects of PKNaMg, was made on plots 17 and l8 and was con-
tinued until 1967. Plot 17 received 86 lb N/acre in even years, and
PKNaMg fertilisers in odd years, and plot l8 rec€ived N in odd years and
PKNaMg in even years. Table I shows mean yields (Garner & Dyke,

TABLE I
Efect of the residues offertiliser N and PKNaMg on winter whea,

on Broadbalk, I I 5 2-1 967

c*tlaqelyat
Plot aod treatment

5
PKNaMg
anaually

t7ltg
PKNaMg

Srven

N residues

8'2
13.0

t7118
N

gtveo
PKNaMg
residues

16.8
29.7

lo7
N NPKNaMsaouually annually

t2-6 17.1m.4 *.2
Graitr 8.9
Straw 14.0

1969) on these plots over the whole period 1852-1967. There was no
residual effect of N. The yield on plots 1/18 with residual N \yas only
equal to that on plot 5 given PKNaMg annually but no N. However,
Table I also shows there was a very large residual effect of PKNaMg,
because yields on plots l/18 with N almost equalled those on plot 7, given
NPKNaMg each year.

WiDter wheats largg dressings of N. Winter wheat grown on plot 16 on
Broadbalk during the l860s showed another interesting residual effect.
From 1852 to 1864 annual manuring on plot 16 was NPKNaMg, supplying
172 lb N/acre. The two seasons, 1863 and 1864, both favoured wheat
and there was little extra gain from increasing N from 129 to 172 lb.
Lawes and Gilbert (1884) stopped applying fertilis€rs to plot 16 in t865
but, over the next 19 years, they recorded the yields, which are compared
with those of plot 5, given PKNaMg but not N every year in Table 2.

Lawes and Gilbert thought that the very large efect of the residues in
1865, half the direct efect ofthe 172 lb N in 1863-64, was from ammonia
remaining in the soil, for 1864 was the driest yeax in the then recorded
history of the experiment. The 2 to 3 cwt increase in grain yield over the
next three years they decided was caused by extra nitrogen released by
mineralisation of the larger plant residues in the soil of plot t6 than in
plot 5. After l868, the readily mineralisable N had gone and yields were no
b€tter than those on plot 5.

Barley aftcr tmnils and swedes. After turnips and swedes had been
grown on Barnfield for ten years, Lawes and Gilbert grew barley without
manure in 1853, 1854 and 1855. The yields in Table 3 from Lawes and
Gilbert 0857) confirmed their often repeated statement that good yields
required 'available nitrogen within the soil'. Residues from the NPK
given to the tumips gave a small (1.5 cwt) extra yield of grain in each of
8
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TABI,E 2

Direct and residual efect of 172 lb fertiliser N on winter whedt
on Broadbalk, 1863-83

Grain, c$,t/aqr/y.ar

Plot aDd treatEent

Year
1863
lE64

5

PKNaMg
anaually

I l.l
9.3

PKNaMg
annually

7.2
4.9
9.9

l6
NPKNaMg

aDnuallv
includine

!72Ib N/aqe
3l.t
28.8

Unmanured
17.8
9.5

12.8

Efrect of
t72 Ib N

20.0
19.5

Eff€ct of
N ,esiducs

l0.r
2.3
2.8

0.3
-o.2
-o'7

1865
r 866
1867
1868

Period
1869-73
187+78
1879-83

8.7
6.7
6.9

8.4
6.9
7.6

the tfue years. How small was emphasised in 1854 when, on part of
!!e _ lvalley' plots with the same P and K residues as the main plots,
82 lb N/acre was given, which increased yield by 17.8 cwt grain.

TABI,E 3

Efect of residues from fertilisery given lo roots on the field of
barley on Barnfiekl, l85j-55

Grain, cEt/acre/year

Treitment to tu.rips 1845-52

1853
t854
1855

Unmanurcd PK
lo.2 t0.69.0 9.69.1 9.6

Trcatment
to barley

82 lb N/acre
in 1854 only

26.8
t2-7

263 lblaqe
ll.8
10.4
10.3

Barley after Intato€s, From l9Q2 to 1940 unmanured cereals followed
the potato experiment on the Exhaustion Land. Table 4 shows the yields
of cereals, which were measured on all plots only in the first three years
and again from l9l7 to 1922. Between 1856 and l90l amual dressings of
86 lb N/aoe were given,l4 times. In 1902, yield after potatoes manured
with either N or NPK was much larger than after potatoes unmanured or
given only PK. However, the smaller crops on the N only than on the
NPK plots left smaller residues and the effect of these disappeared in two
years. On the NPK plots mineralisation of N gave small increases in yield
for some years but the efect disappeared by l9l9-22.

9
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TABIT 4

Efect of residues from fertiliser dressings on the yield of
unmanured cereals on the Exhdustion Innd, 1902-22

Graid, cwt/ac.e/year

Tl€atsnent 1856 to l90l

Year
t902
1903
1904
t9t7
l9l8
1919
19211
t922

Crop
Turnips
Swedes
Swedes

NP
(KNaMg
rEsiftr€s)

SrEdes l85l-70 5'0

I The qop6 of 1859 and 1860 failed.

At fust (1845-48) there was no respolxe to IC Iater, however, because
of the gradual depletion of soil K where none was given as fertilis€r, there
was a response and giving fresh K increased yield by l'1 tons/acre/year
between 1856 and 1858. On plot 4A the mean annual dressing of 100 lb
K/acre as fertiliser between 1845 and 1860 was more than that removed in
the tops and roots; the residue that accumulated in the soil during this
period maintained a yield of l'0 ton roots/aqe more than on Plot 5A
during the next ten years, l86l-70.
10

Crop Unmanured
Barley 16'6
Barley 6'0
Oats 10.8
Barley 3'2
Barley 4'5
Barley 2'8
Wheat 8'l
Barley 6'4

PK NPK
12.0 3r.6
5.2 13.2
9-9 15.3
3.2 5.5
7.r 9.6
5.1 5.0
15.2 14.4
1.0 7.8

Urrmanurcd
1.2

N
D.4
9.1

tt.2
3.0
6.6
3.6

ll.6
7.8

P
r 6.9
6.4

10.9
3.0
6.9

15.7
7.5

r The 1920 crop failed.

The efiect of residues from potassium fertilisers

Residues ol potassium manures were measured itr four exp€riments'

Swedes. In the experiment with swedes on Barnfield, K was not applied
between 186l and 1870 to plots given K betwe€n 1845 and 1860. Table 5

shows mean yields for four periods for the crops given N as ammonium
sulphate.

TABLE 5

D ect dnd residual efect of potass m fertilisers on turnips, and
swede s, Bamfi e ld, I 845-70

Root$, tons/acre/year

4A
Period NPKNaMg

18498 9.8
lu9-s2 9.4
l85c58r 6.5

5A 3A or 8A
NP UDmatruted

9.9 1.4
8-7 3.8
5.4 1.7

NP
(tro K)

4.0

Plot and treatment

https://creativecommons.org/licenses/by/4.0/
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Mengolls and sugar beet The residual eflect of K fertilisers on Barnfield
was confirmed between 1903 and 1959 with both mangolds and sugar beet
when these crops were given N as ammonium sulphate. Strip 7, \yhich
had had K whenever it was applied to strips 4 and 6 until- 1902, was
manured with PNaMg only from 1903. The amount of Na and Mg was
equal to that given on strip 4. Yields, of both crops (Table 6) given by K
residues, lrom fertiliser dressings applied before 1902, were equal to those
given by fresh dressings of K tkoughout the last 56 years oi the experi-
menl.

TABLE 5

Efect of residues from potdssium fertilisers on mangolds and sugar
beet on Bamfield, 1904-59

Roots, toos/acre/year

4A 7A
NPKNaMg NPNaMg

(K iesidues)

6A
NPK

14.5 t5 5 t6.llt.1 12.8 12.26.6 1.2 7.2

Potsto€s. Table 7 shows potato yields during three periods ofthe experi-
ment on the Exhaustion Land; plots 9 (P only) and l0 @KNaMg) were
sited on plot I (PKNaMg) of the preceding wheat experiment (185G1874).

Crop Period
Mangolds 1904-40
Margolds 1941-59
Sugar beet 1946-59

TABIT 7

Efect of residtus from potdssium ferrilise$ on polotoes on
the Exhaustion l-otd, 1876-1901

TubeN, tons/acre/year

Plot and treatrnql

I
UDmanured

Period
l87c8l 2.3
1882-87 1.7
1888-1901 0.8

109
PKNaMg P

(K residues)

4-l
3.4
2-2

4.O
3-4
1.9

Unfortunately N was not given to these plots, but the K residues
acrumulated during the wheat experiment gave as good a yield olpotatoes
as did fresh dressings of K during the first twelve years, though yields
decreased later.

Grass cut for hay. On Park Grass the early experiments on the value of
residues of manurial dressings were not complicated by major changes in
botanical composition, as were many of the comparisons of manurial
treatment on yield. Plots 9 and l0 recejved the same manures (NpKNaMg)
between 1856 and 1861, except tbat plot 10 also got sawdust, which bad

ll

Plot and trcatmeflt
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no effect on the yield of hay. Plot l0 received no more K after 1861, or
sawdust aft€r 1862. Table 8 shows the yields on these two plots and on
plot 4/2 (NP).

TABLE 8

Direct and residual efect of poldssium fertilisers on the yield of
hay on Park Grass, 1856-75

cwtlacre/year of hay!

Plot and treatment

9 l0 412
NPKNaMg MKNaMg NP

1856{1 56.1 55.6 43-9.

NpKNaMg cl*'IfoY*l ,"Y",t8624 48.0 47.8 36.01867-75 ,r8.9 39.1 10.0t920-593 37.2 24-2 16.4

I Yields 1856-76 from Lal{es & Gilbert, 1880, Yields 1920-59 from Warrcn &
Johnstor, 1964.

, 1859-61 or y.
s Uolimed halvcs of each plot.

Yields with NP orly (plot 4/2) decreased during each of the periods.
During the first 6 years, 185fu1, there was a response to fresh K of
12 oxt haylaqe. During the next 5 years, 1862-66, the residues of K
accumulated on plot l0 between 1856 and 1861, maintained as good a
yield as was given by fresh dressings of K. Then, in the 9 years between
1867 and 1875, the decreasing K residues gave yields intermediate between
those on plot 4/2, always without K, and on ptot 9, always given K. From
their analyses Lawes and Gilbert concluded that there would have been
about 400 lb K remaining in the soil of plot l0 in 1862 from the 870 lb
applied between 1856 and 1861. Using the uptake on plot 4/2 as a measure
of the K released from the soil, they also calculated that during the next
14 years the extra crops recovered half of this residue of 400 lb K.

The large diferences in yield on plots 412,9 and 10 for the period 1920
to 1959 (table 8) are probably not simply the effect of K, but reflect the
interaction of manuring and differential soil acidity, which had developed
on the plots, on the plant species able to tolerate each set ofconditions.

The combimd efiect of residues fmm P and K fertilisers

Unfortunately no experiment made in the early period at Rothamsted
tested the effects of P residues only. In some experiments I-awes and
Gilb€rt simply stopped applying both P and K fertilisers to plots previously
given them, and measured the combined etrect of PK residues.

Winter wteet The residual effects of small dressings of P and K were
shown by modifying the treatments to plots l0A and l0B on Broadbalk.
Both plots received PK in 18.t4. For the Dext 39 years, plot l0A had 86 lb N
t2
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annually, whereas l0B had two more dressings of P and K (in 18,18 and
1850) followed by 33 years with 86 lb N annually. Table 9 (from Lawes &
Gilbert, 1884) gives yields for four 8-year periods.

TADIJ 9

Efect of PK residues on $inter wheat on Broadbalk, 1852-83

Grain, cwt/acre/year

l0B

Treatment PK in 18,14 PKh 18.t4, 1848, & 1850
39 years N only then 33 years N only

The residues from 60 lb P and 240 lb K produced, when N was also
given, a mean aDnual yield increase of 2.4 and 1.7 cwt grain in the fust
and second 8-year periods, but after that their efects diminished rapidly.

Barley. Beginning in l94l the barley on the Exhaustion Land was
manured annually with N. Yields were taken from 1949, and averages
for the first 5 years with N at 56 lb N/affe are in Table 10. Even after 50
years the residues of the P and K applied between 1856 and l90l gave,
when N was given, an extra 9 cwt grain. That these residues had suih a
good effect after such a long time is, no doubt, because N was not given
between_1901 and l94O and the yields ofthe cereals grown, and the uptakes
of P and K, were small. In this experiment, though the effect as meisured
was that of P plus K, Warren (1956) concluded from analyses of the crops
that the increase in yield was mainly from the P residues.

TAIILE 10

Efect of PK residues on barley when N was givm on the
E x haustion Land, I 9 49-5 3

cwt/acre/ycar

TEatme (othet than N)

No Pno K Pr PK
18.4 t9-7t9.l 20-6

1 PK, 185G75; P, l876_t90t.

lYintet wteat rd badey at Wobun. In 1959 and 1960 these two crops,
given basal N, were grown on every plot of the permanent Wheat and
Barley Sites at Woburn, last manured with P and K in 1926. Table 1l
shows yields, as averages of all plots with appropriate treatments.

l3

Period
1852-59
t8@-61
I E6E,75
1876 83

It.8
12.4
9.8
8.5

14.2
14.l
10.4
9.4

Efect of PK
r€sidues

(l0B midus l0A)
2.4
t.7
0.6
0.9

10.8
12.7

Grain
Straw

1856-1901
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TABLE 1I

Efect of residues of PK Jertilisers and FYM on vheat and barley
on the Woburn Pemanent Wheat and Barley Sites, 195940

Grai4 cwt/a€re/y€a.

Treatmeots applied t877-1926

NoPnoK
Winter wheat

Wheat Site 16-9
Barley Sire U.9

Barley
wh€at Site 19.6
Badey Site 18.3

24.0
23.8

26.2 20.0 t8.2 19.2

t4.4 8.6 15 5 l4.l

PK FYM

18.8 .8
24.3 28.0

24.1
21.5

Wheat yielded better on the Barley Site than on the Wheat Site and
barley better on the Wheat Site than on the Barley Site. To what extent
this reflected diflerences in disease or fertility between the two sites is not
known. In seven of the eight comparisons, yields were increased by
residues of PK accumulated between 1877 and 1926 from fertiliser or FYM.

Be.ns anrl potato€s. These two crops, grown on Agdell in 1956 and 1957
respectively, valued the combined effect of the accumulated residues of
PK fertiliser given once every 4 years during the four-course rotation
experiment and last applied in 1948. Table 12 gives the yields offield beans,
grown without added N, and of potatoes, given basal N.

TABLE 12

Effect of residues of PK ferlilisers on beans dnd potdtoes on Agdell
1956 dnd 1957

Fertiliser treatdrcnt ard rotatiotr 18,18-1951

Uomanued PK NPK

Fallow Clover Fallow Clover Fallow Clover
1956 Beans

Graitr cwt/acre 8 5 5,2

1957 Potato€s
Total tubers toos/acae 4.4 3.0

The yields of both beans and potatoes from PK residues were as good
as from many well manured crops on Rothamsted Farm. The mean
increases from the combined effects of P and K were 14 cM/acre bean
grain and 8.5 tons/acre of potatoes. In five of the six comparisons, yields
were smaller on plots where clover was grown in the rotation while other
plots were fallowed, because P and K were removed in the clover and less
was left to accumulate in the soil.

Warren (1958) showed that the two crops differed little in the amount
of P they took from the starved or from the enriched soil, but the potatoes
took up more K than the beans from the starved soil and much more K
from the enriched soil (Table l3).
t4
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TABLE T3

Efect of PK residues on the dmount of P and. K removed in the
beans and potatoes grown on Agdell, 1956 and 1957

Fqtiliser treatEreat aDd rotatioo, 1848-1951
UDmanued PK NPK

-:-:---^=---'tFallow Clove. Fallow Clover Fallow Clover

Uptake of P lb/acae
Bean Sain 4 2
Potato tubers 3 2

Bean grain
Potato tubers

B€ao Srairr 9 5
Potato tubeB 24 18

Extra P f.oE r€sidues lb/acr
10879
10510 10

Uptake of K lb/acrc

14 l0 It tlt37t3t2

32 22 23 23ll0 54 ll9 96

23 t7 14 l886 36 95 78

Exrra K from residues lb/ac.e
Bean graio

The eficct of residrcs of FyM
FYM was the standard source of plant nutrients \yhen Lawes and Gilbert
started their experiments on the effects of the 'new' inorganic fertilisers.
Yields on unmanured soil were compared with those on soils dressed with
fertilisers and FYM. The dressing of FYM was 14 tons/acre, and many
analyses showed this amount contained, on average, 200 lb totat N. The N
supplied by this dressing of FYM, when given each year in the Classical
Experiments has increased the total soil N much more than where N was
given as fertilisers. Lawes and Gilbert (1895) concluded that N from FyM
residues gave three-quarters of the extra yield of barley between 1872
and l89l on plots given FYM between 1852 and 1871. The conclusion
that N from FYM residues gives worthwhile increases in yield for some
years is supported by the results of the next tkee experiments below.
However, FYM also supplies P and K and the effects of residues of FyM
may therefore reflect any combination of N, P and K as discussed later.

Grass cut for bay. The first experiment on the value of residues of FyM
was made on Park Grass. The manure, applied annually at 14 tons/acre to
this permanent pasture, did not readily decompose and La.\i,,es and Gilbert
(1880) noted that the sward deteriorated with this rreatment. Annual
dressings of FYM were stopped in 1863 after 8 years, but yields of hay
(Table 14) continued to be taken.

During the 6 years 1864-69 the residues gave yields as large as fresh
dressings did during the previous 8 years. Their effect diminished during
the next period, but they continued to increase yields by a small but
consistent amount even between 1920 and 1959.

15
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TABI,E 14

The direct and residual efiect offarmyard manure on yields of
hay in the Park Grass Experiment, 1856-1959

c*.tlaqelyar ol l1ay

Plot and treatrncnt

3
Period Unmalured
185G63 23.8

UDmanured
t8&-49 24.1
1870-75 15.1
t9x-59 4.2

42.9

Residucs of
I 12 toos/acae

FYM
43.3

9.4

Eficct of fresh
dressiag

t9.l

mect of
rcsidues

19.2
7-4
1.2

2
FYM

Potato€s. At the start of the potato experiment (187G1901) on the
Exhaustion Land, plot 2 was dressed annually with FYM for the first 6
years (l87c8l), after when it was unmanured. The FYM residues oD this
plot gave better yields than the unmanured plot until the end of the experi-
ment (fable l5), and during the first 6 years gave half the yield increase
that fresh dressings had given between l87G8l.

TABLE 15

fie direct and residual efect of farmyonl tnanure on yielcls of
potdtoes on the Exhaustion Innd, 1876-1901

Tubers, toos/acre/year

Plot and teatment

Period
t87 r

1882-87
1888-1901

I
UnrnaDur€d

2-3

Unma.ourrd
1.7
0.8

FTM
each year

5.2

Effect of
frrsh dressing

2-9

Residues of mcct of
84 toas FYM r€sidu€s

3.0 I .3
r.5 0,7

Borley, Effects of residues of FYM given to the potatoes on the Exhaus-
tion Land were measured in the following cereal, and are compared in
Table 16 with the effects of residues of PK fertilisers. The FYM residues
increased yields geatly during the first 3 years but it is not possible to
show when the effects declined because the fertilis€r plots were used for an
experiment on legumes between 1905 and l9l l- However by l9l7 the FYM
plots were yielding no better than the PK plots. The yields, between 1902
and 1904, given by the NPK residues, discussed previously, and FYM
residues are compared in Table 17.

l6
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TABLE 15

Comparison of the efects of the rcsidues of farmyard manure
and PK lertilisers on yields of cereals on the Exhaustion Land,

1902_22

Grain, cwt/acre/year

Treatment l9O2 l90l t9O4 l9l7 1918 l9l9 l92t 1922
1856-1901 Badey Bartey Oars Barley Barley Barley Wheat Barley
PK t2.O 6.2 9.9 3.2 7.1 5.r 15.2 7.OFYMI 34.2 22..6 26.8 3.5 7.9 5.4 14.1 9-6FYM' 34.9 21.6 29.6 4.7 7.7 6.0 t5.7 9.7

I FYM + P, 1876 82; FYM, 1883-1901.
, FYM + NP, 187ffi1 ; FYM + p, 1882; FyM, 1883_t901.

TABIT 17

Comparison ol the efects of the residues of farmyard manure
and NPK fertilisers on the yields of cereals on the Exhoustion

Land, 190244

Grain, cM/acre/year

rreatmeot tssGleol #Tes{t
-NpK- FrM-

190.2 Barley 12.O 31.6 34.6 l9.d D.61903 Barley 6.2 13.2 22.1 7.O t5.91904 Oats 9.9 15.3 28.2 5.4 18.3

In 1902 the FYM residues only gave 3 cwt more gain than the NpK
residues but in both 1903 and 190.1 they gave much more because extra
nitrogen from the FYM was mineralised.

Tte efrect of P ,&l K in FfM resirtucs

Brrlen In the three experiments described in the preceding section most
of the effect of the FYM residues was from nitrogen. On the Exhaustion
Land, barley yields with FYM residues were larger than with PK residues
between 1902 and l9O4 but not between l9t7 and 1922. After 19$,
nitrogen fertiliser was applied to all plots and yields between 1949 and
1953 with FYM residues were only very slightly larger than with the
residues of PK fertilisen (Table l8).

TABIJ lt
Comparison of the efects of old residues of farmyard manure ond

PK fertilisers on barley given nitrogen of the Exhaustion l-and,
1949_53

Csttlaq.lyat
Tr€atmant

56 lb N/asre 1949-53

PK FYMt85Gt90l I87Gl90l
GraiD l9-7 2,-5Straw X-6 22.4

t7
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The P and K ofthe FYM residues must haye been as'available'as that
of the fertiliser residues. Yields in Table 19 show that, as the experiment
has continued, the FYM residues have given better yields than the PK
residues.

TABLE 19

Comparison of the efects of old residues offarmyard mdnure dnd
PK fertilisers on barley givet nitrogen on the Exhaustion l-ond,

194948

Grain, cM/acre/year

N each year plus

Period
1949-53
1954-55
l t-42
19ffi5
1966-68r

Residues of
no P FYM given
oo K l87Gl9O!
10.8 2n-5
14.3 21-6
t5-4 24.6
l2-4 32.8
I l.t 32.4

Residues of P
a[d K fertilisers

t855-l90r
19.7
25.4
2t -4
28.3
26.4

FYM mirus PK
residues

08
2.2
3-2
4.5
6.0

I Not 1967 whel the site was fallowed.

The N and PK effects of FYM residues were also shown in the Hoosfield
Continuous Ba ey Experiment. Plot 7 recieved the standard dressing of
FYM (14 tons/acre) for the first 20 years of the experiment, then the plot
was halved, and one-half (plot 7/l) remained ulmanured from 1872 to
1967. Table 20 gives yields for each decade; between 1917 and 1966 mainly
Plumage Archer was grown.

TABII 20

Efect of residues o/ larmyard manure on barley on the Hoosfield
Continuous Barley Experimenl, I 872-1961

Crain, cwt/acre/year

1872 1882 1892 t902 l9t2 t922 1912 t942 t9s2
Plot treatment -81 -91 -1901 -ll -211 -31 -41'? -513 -61{
l/o unmanured 6 8 6'2 5 3 5'2 6'5 3'7 6'9 9'3 7'4
7h FYM residues l?4 130 10'6 9'7 ll'O 7o l3-4 l5'l ll'7
Increase due to

FYM rcsidues 10'6 6'8 5'3 4'5 4'5 3'3 6'5 5'8 4'3

l omittitrs 1912. 'zomitting 1933. 3 omittinc l%3. a omitting 1953.

Warren (1950 showed that extra P and K was responsible for some of
this extra yield with old FYM residues but that the limiting Factor was ths
slow release ofN from the organic matter. He calculated that between 1872

and 1956 the average amount ofN that was mineralised produced an extra
3 cwt grain and 4 cwt straw each year containing about 6 lb N.

When Plumage Archer and Maris Badger were grown side by side on
each plot between 1964 and 1966, yields of Maris Badger were not in-

l8
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greased by the small amounts of extra N available on plot /l (Warren &
Johnston, 1967):

Barley, Hoosfeld, 196,146

Grai[, c*t/acrr/y€a.

unmaru€d JIY* gtt*t

This emphasises that the value of residues for new varieties of crop must
be examined, for the larger yields these make possible are attained only
with large amounts of nutrients.

In 1968 the Hoosfield experiment was modified and four amounts ofN
(0,43, 86, 129 lb N/acre as 'Nitro-Chalk') were tested with Maris Badger.
With the larger amounts ofN yields or.plotTll were as good as those on
the old plot 4/A, which received N as ammonium sulphate and pKNaMg
annually since 1852, suggesting that Maris Badgeis poor performance
on residues alone in 1964-66 was solely because of the amall iupply of N:

Plumage Archer
Maris Badger

8.2

Barley, Hoosfeld, 1968

Grain, c*t/acre

r3'3 5-l8.6 0.3

Plot Treatment O

4lA PK annually since 1852 t6.t1lt Unmanured since 1872 10.5
(280 tons FYM t852-71)

43 86 129
31.3 17.3 34.228-6 39.1 36.8

1 Plot 7/l got 57, ll5 and l72lb N inste.d of43. 86 and 129 lb N.

Without fresh N in 1968, the yield on the pK plot exceeded that on the
plot with very old FYM residues, probably becauie of the extra N mineral-
59d from the larger root and stubble residues ploughed in on this plot,
Now 

-that. 
N is being given, it will be interesting 10 see how long the p

and I( residues from the FYM applied 100 years ago continue to giie good
yields.

The efiect of residues of rope cate

Lawes and Gilbert used rape cake to supply both organic matter and
nutrients, mainly N, and compared its eflects with those of FyM and
inorganic fertilisers. It was applied at 2000 tb/acre to winter wheat and
root crops and 1000 lb/acre to barley; the larger amount on avorage
supplied 100 lb N, 20 lb P and 20 lb K. The unmanured barley taken on
Barnfield in 1853-55 measured the effect of the residues of rape cake
applied from 1845 to 1852 (Table 2l). The rape cake residues inoeased
yield more than did the residues of inorganic NpK fertilisers (Table 3).

During the war of l9lrl-18 rap€ cake was unobtainable atrd after the
existing stocks were exlausted in 1916 none was applied asain until
1921. Table 22 shows the yields, for three 4-year periodi, with frish dress-
ings and residues, on Broadbalk, Hoosfield and Bamfield.

N lb/acre in llx8r

l9
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TABLE 2I

Efect of residues of rape cake on barley on Barnfeld, 1853-55

Grain, cwt/acre/year

T.eatment to tumips 1845-52
PK + rape cake NPK + rape cake

Uomanued totd N 568 lb total N 831 lb
1853 tO.2
1854 9.0
1855 9.1

14.7
t2.4
I1.6

TABLE 22

14.9
.9

ll.4

The direct dnd residual efects of rqpe cdke on cereals and roots qt Rothdmsred, 1913-24

1913-16 1917 20 192.t-24

Hoosfield barley
GraiD, cwt/acre

Broadbalk wheat
Grain, cwt/acre

Barnfeld mangolds
Roots, tons/acre
Tops, tons/acre

With fresh Effecr With
drEssing of rcsidu€s

of fresh of
rape cake dr€ssing Nonc Iape cake

20.2 t2.s 4.4 6.0

10.5 4.1 5.1 7.2

6.4 4-4 2-8 7.5
2-8 1.9 0-7 1.9

With fresh Effecr
dressiog of

of fresh
None rape cake drcssing

3.8 11.8 8.0

3.2 6-4 3.22.1

4.7 2.8 6.0
t-2 t-2 2-4

None

7.7

5.8

Effect
of

residues

1.6

2.2
0.9

3.2
1.2

The yield of barley was much increased by fresh dressings of rape cake
but the residues gave little increase in grain yield. For winter wheat, the
residues gave about half the increase given by the fresh dressings and, for
mangolds, both tops and roots, the residues gave yields equal to those
given by fresh dressings. These results emphasise that the residues of any
particular fertiliser may have a quite different effect on different crops,
probably depending on the rate and time N is released, and possibly on
the root system of the crop. Barley, with a short growing season, was
probably unable to use N mineralised after eady summer but, provided
this later-mineralised N was not leached from the soil, winter wheat could
use it. The long growing season of the mangolds helped them to use all the
N mineralised during the gtowing season.

Sunmary

These experiments showed that soils containing residues of previous
manures gave better yields than soils without such residues. The size of
the effect differed with diferent nutrients and diflerent crops, and even
with different varieties of one crop.

A single dressing oi86 lb N/aoe applied to winter wheat grown annually
has no residual effect. However, large dressings of ammonium salts can
leave enough residue in the soil, especially after a very dry year, to benefit
a succeeding crop, when this is autumn-so'rvn. There is an important
20
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indirect effect offertiliser N when used for many years with other nutrients,
the larger crops it produces means more stubble and roots are left in the
soil, the extra N mineralised from these residues increases yields of future
crops. This effect, though small compared with that of fresh N, usually
lasted for up to three years with crreals.

The N from residues of recently applied FYM often increased yields
for several years; also residues of old FYM release enough N to give
small but consistent increases in yield.

Because the N effect of old residues of FYM are always much smaller
than the effects of new fertiliser N dressings, the experiments made
between 1957 and 1962 tested only the P and K residues from FYM.

None of the experiments made before 1957 showed the efects of P
residues only. On the Rothamsted soil the effects of K residues were some-
times large, giving yields for several years as large as those given by Fresh
dressings. The results of these experiments do not show whether the same
yield can be obtained by applying fresh dressings of P and K to starved
and to enriched soils.
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The Value of Residues fmm Inng-period Manuring at
Rofhrmsted and Wobun

Itr. The Experiments Made from 1957 to 1962, the Soils and
Histories of the Sites on which they were Made

A. E. JOHNSTON aod R. G. WARREN

The aim of the new experim€nts

The value of residues can be measured in two ways:

l. By comparing yields from soil enriched with residues with those
from starved soil.

2. By comparing the responses to a series of new fertiliser dressings on
plots of both starved and enriched soil.

Only the first of these ways was used to demonstrate the combined effect of
the PK residues on the Exiaustion Land after basal N was given in 1941,
and then only for barley (Warren, 195Q. We wished to extend these results
by obraining information on:

l. Other crops.
2. The separate effects of the P and K residues.
3. The value of the residues in terms of new fertiliser dressings.

Therefore experiments were made with more than one crop grown each
year, and with basal N and K where P was tested and basal N and P where
K was tested. Each experiment tested a series ofincreasing amounts ofnew
P and K. The valuation of residues in terms of newly applied fertiliser
depends on how this fresh fertiliser is applied and on the growing conditions
in the year ofthe exp€riment, so we decided: (l) to do each experiment for
two years and average the results from the two seasons; (2) to apply all new
fertiliser to the seedbed, except for potatoes (for details see later). This is
acceptable current farming practice, though, from the results of many
experiments, Cooke (1956, 1957) showed that placing fertiliser near the
seed was a more emcient way of using new fertiliser, which could be
particularly true on impoverished soils. In the later years, tests were made
of methods of applying fertilisers.

The work was done on three sites, two at Rothamsted (a part of the
Exhaustion Land experiment site in 1957-58, and on the Agdell Rotation
experiment site in 1959-62), and one at Woburn (part of the Permanent
Wheat and Barley Sites) in 196G.62.

Ilistory of the experimental sites

The preceding cropping and the amounts of fertiliser applied to the sites of
the experiments are known. All the crops were not analysed, so the amounts
of each nutrient removed, and the amounts that should have remained as a

22
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residue, are uoknown, However, a subsequent section gives the amounts of
readily soluble P and K in the soils of each plot.

Ihe Exhaustion L,and Experiment. This site, as the name implies, has been
used for much work on NPK residues in soil. Its history was described by
Warren & Johnston (1960). Lawes and Gilbert started the first experiment
in 1852 to test effects ofcultivation treatments on winter wheat; it ended in
1855. From 1856 to 1874 there was a nanurial experiment with winter wheat
testing 4 treatments on 4 plots: unmanured; N only (as ammonium salts);
PKNaMg only @ as superphosphate, K, Na, Mg each as the sulphate); and
NPKNaMg. The last wheat crop was taken in 1874, the site was fallowed in
1875, and in 1876 a manurial experiment started in which potatoes were
grown each year. The plots for potatoes were superimpos€d on those of the
wheat experiment; the PKNaMg treatments were continued, and a new
treatment with FYM and a comparison of sodium nitrate and ammonium
salts were introduced. Hall stopped the potato experiment in 1901. From
lm2 to 19.10 the site was cropped mainly with cereals, usually barley,
without manures and usually without recording yields. Beginning in 1941
each cereal crop received a uniform dressing of 56 lb N/acre and from 1949
onwards yields on each plot were taken to measure the combined effects of
the PK residues in the presence of new N each year for one crop, barley.

Between 1856 and 1901, annual fertiliser dressings (amounts per acre)
when applied were:

N l85Gl90l 86 lb N as ammonium salts or sodium nitrate
P 1856_1901 30lb P as superphosphate, except 1897-lml when

basic slag was used

K r85G58 l20 lb K )

1859-74 80 lb K) as potassium sulphat€
r 876_l90l l20lb KJ

Na 185G58 28 lb Na)
isie-ieor il i; i'i;l as sodium sulphate

Mg l85cl90l l0 lb Mg as magnesium sulphate
FYM l87cl90l 14 tons

Table I shows the total P and K applied during this period, yields are
discussed in Paper II.

TABLE T

Total dmounts of P and K applied on the Exhaustion Land, 1856-1901

lb element/acre

P as superphosphate
P in FYM
K as potassium sulphate
K in FYM

t2 3

2lo
9t0

0
3500

00
0 210

00
0 800

4 56 7 I 9 10

210 0 0 1260 1260 D& 12@
91000 0 0 0 0

0 0 0 4520 4520 tM 45m
3500 0 0 0 0 0 0
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The Agdell Rotation Experiment Wanen (1958) described this experiment,
started by Lawes and Gilbert in 1848, which compared two 4course crop-
ping systems: (l) Roots, barley, undersown with clover (replaced by spring
beans when the clover failed), and winter wheat; (2) Roots, barley, fallow
and winter wheat. Only one, but the same, phase of each rotation was
present each year. The manurial treatments were : unmanured ; P (changed to
PKNaMg in 1884), and NPKNaMg (N as mixture of ammonium salts and
rape cake, the rape cake also provided some P and K). The manures were
applied only once every four years to the swedes or turnips. In addition to
the manurial treatments tested on the two rotations, Lawes and Gilbert
included a test of management when roots were grown. On half plos the
roots were either all carted off or were fed on by sheep; when the weather
was unsuitable for feeding, the roots and tops were slicrd and spread over the
Iand and ploughed in. This treatment, which returned the nutrients taken
up by the root crop on one halfofeach plot, was stopped in 1900, after when
all produce was removed from the whole plot. The experiment continued
for 26 courses until 1951, when soil acidity on the NPK plots was harming
the crops, especially the swedes, which were frst ruined by clubroot on
these plots but soon also on the others. The acid areas were heavily chalked
in spring l954 and given a light dressing in 1959. From 1952 to 1957 the site
was uniformly cropped as follows: 1952, bare fallow; 1953 barley without
N; 1954 barley with N; 1955 spring wheat with N; 1956 beans; 1957
potatoes with N. Thus the crops from 1954 to 1957 measured the combined
effects ofthe residues ofP and K. Cereal yields were small but potatoes and
beans lelded well. Yields are given in Paper II (page l4).

Between 1848 and l95l fertiliser dressings were at the following rates/
acre in the year in which they were applied:

N 1848-195t 43 lb N as ammonium salts plus lm lb total N in
rape cake

P 1848-51 t5lb PI
1852-55 2l lb P[ as superphosphate
t 85G95 30 lb P,

189G1903 47 lb P as basic slag

1904-51 38 lb P as superphosphate

K 1848-51 45 lb K as pearl ash

r852-95 r20lb Kl
isgligsl t00[ il as potassium sulphate

Na 1852-55 14lb Na'l
185G95 23 lb Nalas sodium sulphate
l89Gl95l l4lb Na.f

Ms 1852-95 l0lb Ms)"'' iseliisr t0 ['il;l as magnesium sulphate

Table 2 shows the total P and K applied between 1848 and 1951.
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TABLE 2

Toral dmounts of P dnd. K dpplied on Agdell Field, 1848-tg5t

lb eleE€ /aclp
PK

r---.-----J---.Super- RapePlots phosphate cakc Total
Potassium Rape
sulphate cake Total
4tfi 490 465032E0 0 3280000

4m 13800 890
00

la\d2
3and4
5and6

890
890

0

Woburn Permanent Wheat ,nd Barley Experiments. The Classical Experi-
ments at Woburn on the continuous growing ofcereals started rvith sowing
winter wheat in autumn 1876 and barley in spring 1877. The plots were taid
out as at Rothamsted for the barley experiment on Hoosfield, strip treat-
ments with and without PKNaMg, crossed at right angles by strips with and
without N. Separate plots also tested FyM. Initially the Jmounts of
nutrients tested each year were the same as those used on cereals at
Rothamsted, 43 and 86 lb N as ammonium salts or sodium nitrate, 30 tb p
as superphosphate and 80lb K, 14lb Na, l0 lb Mg, all three as sulphates.
FYM was tested at two amounts which varied between 4 to 6 a;d g to
l2 tons/acre. Plots receiving the larger amount of N were fertilised only in
alternate years from 1883, to measure the eflects of N residues. Mijor
manurial changes were made for crops harvested in 1907, both amounti of
N were halved, superphosphate was given at 3 cwt/acre (25 lb p), potassium
at only 0.5 clvt potassium sulphate/acre (22 lb K), sodium and magnesium
were omitted and the larger amount of FyM was tested on one hilf plot.
The remaining FYM plots tested NP, NK and rape cake. At the start oithe
experiment the soil was slightly acid and the ammonium sulphate increased
the acidity considerably, so some tests of liming we.e made. Because of
decreasing yields and increasing weediness ofthe plots, the experiment was
stopped in 1926 and no more FYM and P and K were applGd, except as
described below. From 1927 to 1940 the plots continued io grow winter
wheat or spring barley, testing, in 2 cycles each of 7 years, the ;ffect of two
years fallow on the succeeding 5 unmanured cereal crops. In l93l-32 some
plots on the Barley Site were manured, plots 8 and 9 received a total of
82lb N,50lb P, l32lb K; lOa received 6l lb N, 50lb p; 1la received
6l lb N, 132 lb K. From l94l to 1957 tbree amounts of N fertilisers were
tested but the plots had to be fallowed in 5 ofthese years. Between 1955 and
1957 i,ndividual plots received various amounts of ground chalk to bring
the soils on all plots to pH 6. Having brought the surface soils to some-
where near their original soil reaction, an experiment began in 1959, with
winter wheat and spring barley grown side by side on eviry plot, to com-
pare the yields of each crop when grown on the Wheat and the Barley
Sites. The experiment contioued in 1960 and in 196l spring wheat was
grown. N was given to both wheat and barley so the value of the pK
residues could be measured, the yields are discussed in paper II (page 13).

Table 3 shows the total P and K applied between 1876 and lt59 on the
plots used for the microplot experiment.
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TABI,E 3

Totdl anounts of P and K applied on the Wobum Permdnent Wheat and
Barley Experiments, I 876-1 959

lb etement/acrc

Plots

Wheat Site

P as superphosphate
P in FYM
K as potassium sulphate
K in FYM

Barley Site
P as superphosphate
P in FYM
K as potassium sulphate
K in FYM

The soils

The soils at Rothamsted are mainly derived from 'Clay-with-flints', which
overlies chalk at various depths, and they have been classified by the Soil
Survey ofEngland and Wales. The Exhaustion Land site on Hoosfield is on
the Batcombe series (undifferentiated), on a level plateau where the'Clay-
with-flints' is thick and the soil has a flinty loam or silt loam surface. Agdell
field is on the shallow or eroded phase of the Batcombe series and has a

shaltow flinty clay loam surface. It is one ofthe most difficult fields to work
on Rothamsted Farm. As the other old arable fields including Hoosfield, it
was given large, but unevenly distributed dressings ofchalk in theearlypart
of the last century when the practice was to dig out the underlying chalk
and spread it on the arable land (Young, 18l3; Russell, 1916). Part of the
east side of Agdell runs into one of the resulting dell holes.

The soil in Stackyard Field at Woburn is a sandy loam ofthe Cottenham
series developed in drift over Lower Greensand. It was slightly acid and
never received the heavy dressings of chalk that were a feature of earlier
treatment of Rothamsted arable fields.

H. von Liebig, the son of Baron Liebig with whom Lawes and Gilbert
argued so bitterly about the source of N for plants, was the first person to
analyse Rothamsted soil for P and K. He extracted P soluble in dilute nitric
acid, and K soluble in dilute ac€tic acid, from the soil from five plots on
Broadbalk, and found that, after twenty-five years, there was more soluble
P and K in the manured than in the unmanured soil (von Liebig, 1872).
Dyer examined the soils from the Hoosfield Continuous Barley experiment
(Dyer, 1894) and those from Broadbalk (Dyer, 1901, 1902). Using ll
citric acid and constant boiling HCl, he confrmed that manured soils had
more soluble P and K than the unmanured soils. Subsequently many at-
tempts made to estimate 'available' P and K in agricultural soils used soils
from the Classical Experiments for reference. Because manuriog of these
Rothamsted soils has continued for so long, there are large differences in
soluble P and K between those with and without residues and almost any
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method of analysis will distinguish between them- The usefulness and
limitations of some of the methods for p when used for Rothamsted and
Woburn soils were discussed by Warren and Johnston (1965). The methods

TABIT 4

Analyses of soilfrom plots used lor miqoplot experimenrs at
Rothnnsted and Wobum, 195742

P soluble iD K soluble
itr I lV-

arunonium
aaetate
ppm

Total p
Site and plot %
Rotharnst€d

Exhaustion l-and
I
3
5
7
9

AgdeI
I
1

3
4
5
6

Wobum
7 Wheat Site
7 Barley Site
E Wh€at Site
8 Barley Site
9 Wheat Site
9 Barley Site

I la Wheat Site
lla Ba.ley Site
I lb Wheat Site
llb Barley Site

0.5 M-
Total K NaHCOs 0.01 M-CaCl:

7. Wn g mollx 10-6

0.044 l.3l 30.064 1.,() 15
0.046 r.39 40.06r t.4t t2
0.065 t.37 t4

0.074 1.21 15
0.075 l.16 t20.071 t.ls 160.065 t.t4 8
0 054 1.04 40.053 1.04 4

0.079 0.59 220.058 0.82 140.096 0.68 56
0.080 0.80 x70.086 0.70 420.079 0.85 360.070 0.73 t90.068 0.8t 280.075 0.70 2s0.076 0.83 22

0.30 831.24 tt2
o.?4 76
0.66 1ll0.98 83

0.24 t6n
o.l7 180o-37 1840.25 1410.09 t04o'lt to2

0.55 51o-32 652.34 67
l.5t 932-07 831.67 930.74 770.E9 ta0.74 960.89 I01

All total P and K analyses were done on 0-6 in. samples: readily soluble p aDd K
aDalyses on the Exhaustion t-and Soils were oo G6 in. sarirples: for Asdell and Wobum
soils the samples were G 9 in. depth. Total p by perchloric acid dig*lion: rotal K by
hydrofl uoric a.id digestion.

at present considered most suitable for soluble P and K were used to charac-
terise the soils where these experiments were made, and Table 4 shows the
results, together with those for total P and K for samples taken between
1950 and 1955.

The form of tte experiments

Design. The design of the experiments, plot sizes and numbers had to be
varied to fit the existing plot layout, allowiDg suitable headlands between
the various crops for the necessary cultivations. This imposed considerable
restrictions and all the experiments were mad€ using microplots, which
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meant that after the initial seedbed preparation many operations, including
harvesting of all crops, were done by hand. Frorn year to year and site to
site, some changes were made but all plots of each crop received basal N at
optimum rate for the crop, all plots testing P received basal K, and all plots
testing K received basal P. These basal dressings were at least the largest
amouot tested for each crop in any year. P was tested at a unit amount of
l2'5 lb P/acre, i.e. Pl, P2, P4 were l2'5, 25, 50lb P/acre. K was tested at a
unit amount of 14 lb K,/acre, i.e. K2, K4, K8 were 28, 56, I 12 lb K/acre.

The Exhrustion Land 1957-58. Plan I (p. 32) shows the Exhaustion Land
site and the plots (1, 3, 5, 7 and 9) used for the microplot experjment. The
east halfofthe site was divided into l2 blocks each exlending across the five
plots. Only alternate blocks were cropped in 1957, those that were fallowed
were cropped in 1958, so there was no cumulative effect in 1958 of fertiliser
applied in 1957. Each year the six cropped blocks carried one of the six
crops, barley, spring wheat, potatoes, swedes, kale or sugar beet. The old
plots were paired so that No. I (unmanured), and No. 7 (NPK), tested new
K with and without K residues, and No. 5 (N), and No. 9 @), tested new P
with and without P residues. Each block contained 20 microplots (each
0'0032 acre), four per plot to test four amounts of P or K applied as new
fertiliser. In 1957 eacb microplot was made almost square because each
group of four was arranged so that two were on the north and trvo on the
south side ofeach large plot. The new treatments were assigned at random.
There was a constant difference in yield between pairs ofplots on the north
and south sides of each old plot, probably related to a soil difference. In
1958 the four microplots of each group were arranged so that each one
spanned the full width ofthe old plot, which had the added advantage that
all microplots had the same number and positions of tractor wheelings.
Individual tests with each crop were not replicated in either year. Table 5

shows the basal and test fertilisers, and diagram t (p. 33) the arrangement
of the microplots in t957 and 1958 on the eastern 6 cropping blocks.

TABIT S

Basdl and test fertilisets, Exhoustion Land, 1957-58

lb element/acre

P tcst
N basal /-------------- -t ,--.............-=t

s6 tz.s
67 12.5
61 12.5
45
tt2 t2.5
20lr t2-5
tt2 12-5

K test
Crop
Barley
spring wheat
swedes (1957)

(1958)
Potatoes
Kale
sugar beet

t4 28 56
t4 28 56
t4 28 56

2A 56 |2
28 56 ttz
28 56 lt2

25 50
25 50
2s 50

25 50
25 50
25 50

For all crops basal P for K test was 50lb P.
For barley, spring wheat, $',edes, basal K for P test was 56 lb K.
For potato€s, kale, sugar beet, basal K for P test was l12lb K,
N asarnmoniurn sulphate;l P as powder€d sup€rphosphate; K as poiassium sulphale.I Applied as 67 lb N ro seedH atld then 2 top drcssidgs each of 67lb N as 'Nitro-

chdk'.
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For all crops except potatoes, the fertilisers were broadcast by hand and
harrowed in just b€fore drilling the seed. The potato land was set up in
ridges 27in. apart and the fertilisers applied along the bottoms olthe
furrows and half way up the sides of the ridges, before the potatoes were
hand-planted l5in. apart and the ridges split back to cover the sets.
Yarieties used were: barley, Plumage Archer; spring wheat, Koga II;
swedes, Wilhelmsburger; potato, Majestic; kale, Thousand Headed ; sugar
beet, Klein E.

Agiletl 1959-62. Plan 2 (p. 34) shows the Agdell sire and the division, made
in 1958, of the six plots in the rotation experiment into grass and arable
halves. The grass was sown in 1958, and the arable was falowed before
the microplot experiment was made during 1959-62. Because of the size
of the site and to allow some replication, rve decided to test only the
value of the P residues for three crops on Agdell. In each year the amounts
of new P were the same for all thrce test crops, barley, potatoes, sugar
beet. Because the experiment was to be continued for several years and
all crops were to be grown each year, the microplo$ had to be used
more than once. Plan 2 also shows how each arable half plot was divided
into lhree blocks, one for each crop, giving l8 blocks on the site. The
blocks were separated by paths to prevent lateral movement of soil
during ploughing and cultivating. The sequence of crops was barley,
potatoes, sugar beet. In 1959, each block was divided into four sub-
blocks each of three microplots, so that there were 4 repLicates of each
of the three treatments P0, Pl, P4. Each microplot was 0.0034 acre. The
response curves derived from the 1959 yields suggested that maximum yield
had not been reached and 75lb P/acre (P6) was tested in 1960. This was
doue by halving each microplot, that with treatment p0 in 1959 tested p0
and Pl in 1960, Pl in 1959 rested p4 and p6 (the residual efect of pl was
assumed to be very small), and P4 in 1959 tested the residues of this dress-
ing, P4r, and the residue plus the largest amount of new p, p4r * p6. An
unexpected feature of the 1960 results was how well the p4r treatment
yielded. This treatment had P4 broadcast on the seedbed in spring 1959, it
was ploughed-in in autumn 1959 and cropped without new pln 1160- This
suggested that ploughing new fertiliser into this difficult soil could be more
efficient than broadcasting it on the seedbed. We decided to test methods ofl
incorporating new fertiliser in 196l-62, but the experiment had to be made
on the blocks used in 1959-60. Those blocks on the old rotation plots l, 3, 5
were used in 196l and those on the old plots 2, 4, 6, were used in l9A after
being fallowed in 1961. Each block was divided lengthways and the new
microplots were made this width; the length was that ofthe sub.block used
in 1959-60, so that there were now eight microplots (each 0.0050 acre) per
block each \ /ith the same amount of residues from the 1959-60 test treat-
ments. On Jhese gight microplots tests tvere made of: (a) no new p (in
duplicate), (b) 37.5 and 75 lb P ptoughed in, (c) 37.5 and 75 lb p to the seed-
bed and (d) 75 and l50lb P half of each dressing being ploughed in and the
other halfbroadcast on the seedbed. Diagram 2 (p. 35) showi the sequential
arrangement of the microplots on one block-

The 1959-60 results showed that, on this impoverished soil, the amounts
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of the basal fertiliser dressings, which were considered optimum in general
practice, may be too little because the soil is so poor and the fertiliser could
not be incorporated tfuoughout the ploughed layer. Basal K dressings were
therefore increased during the course of the experiment and we tried to
incorporate them thoroughly into the soil by dividing the dressings, plough-
ing some in, applying some over the rough ploughed land and some to the
seedbed. Table 6 shows the basal and test fertilisers.

TABLE 6

Basal and test fertilisers, Agdell, 195942

lb ctrement/acre

N basal K basal
P test

Crop
Ba ey f959

l9@
t t_a

Potato€s 1959
1960
l t-42

Sugar b€et 1959 ll2 ll2
1960 t34 112
t t-62 tt2 n9

50
50 1575 t50

50
50 75
15 150

50
50 75
75 150

56 56
67 56
67 84

tt2 ttz
134 tt2
134 224

t2-5
12.5
37. s

12.5
12.5
37.5

12.5
t2.5
37 .5

N, 1959 ammonium sulphate; 1960-52 as compouad l*16 (16% N 16% KrO).
P, 1959-60 powdered superphosphate; 1961 52 g.anular superphosphat€.
K, 1959 potassium sulphatel 19fu2 as compound l@16, to s€edH, 196l-62

autumn aod spring €xtra basal K as potassium sulphate.
Ploughed in test and basal fertilis€rs were applied for 196l on 5 December 1960 and

for 1952 on 12 &obe. llxl.

In 1959 and 1960 all the fertilisers for barley and sugar beet were applied
by hand and harrowed in just before drilling the seed. For potatoes the
land was s€t up in ridges and the fertilisers applied along the bottoms ofthe
furrows and half way up the sides of the ridges. After the potatoes were
hand-planted l5 in. apart in the rows, the ridges were split back to coyer the
sets. In 196l and 1962 when ploughing in P was tested and some basal K
was ploughed in the fertilisers to be ploughed in were applied the previous
autumn. For each crop the seedbed dressings were given in the spring as in
1959-60 except that the N and K for barley were given as a compound
containing 16 f N and 16 f KzO and this was broadcast from the combine
seed drill as the seed was drilled (for experimental details see Widdowson
et al. (1964)). Y aieties used .l ere barley, Proctor; potato, Majestic (chitted
seed); sugar beet, Klein E.

Woburn Permanent Wheat and Bsrley Sites 196G-62. The microplot experi-
ment was made on plots 7,8,9, lla, llb, on both sites. Plan 3 (p. 36)
shows the positions of the plots in the field; for the microplot experiment
alt the plots I la and I I b were considered as one 'plot' making seven plots
in all.
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The seven plots were divided into 4 blocks and cropped as follows from
1960 to 1962:

Wheat site
PlotTS9lll

Block Year

Barley Site
987

I 1960
l96l
t2

winter wheat without P or K
winter wheat without P or K

oats without P or K

wioter Pheat without P or Kt96o
196t
1962

1960
1961
1962

1950
l96l
t962

barley microDlots
fallgw potato microplots

Pol,ato microplols I talo* -

potato microDlots
. fallgw . I barley microplots
oarrcy mEroplots I fallow

fallow
sugar beet microplots

I sugar b€et mifioplots
I fallow

Thus block I continued the cropping as on the remainder of the Classical
Sites and blocks II, III and IV were used for the microplot experiments.
Each- block has I 12 microplots (each 0.00257 acre excepi those on plot I I
which w-ere- larger), sixteen per plot, of which eigbt tesied p and eight K,
so that both P and K were tested on each old plot. In 1960 of thJ eighi
microplots in each testing unit, four received nonew test fertiliser so that
fresh dressings could be tested in subsequent years, t\yo tested the smaller
and two the larger amount of new p or K.
- The 1960 results, together with the experience gained on Agdell, suggested

the need to compare ploughed-in fertiliser with seedbed dreislngs, ;d this
comparison was m ade in 196142. For the barley and potato test-s, the eight
microplots on each testing unit were used as foilows: ofthe fourihat were
unmanured in 1960, two were not given new fertiliser, the other two tested
the lesser amount ofP or K either ploughed in or broadcast on the seedbed.
T-he two microplots, which tested the lesser amount of p or K in 1960, in
196l-52 tested the largest amount, either ploughed in or to the seedbed,
and the two microplots with the largest amount in 1960 were unmanured in
196l-62 to test the residual effects of the dressing. For barley, potatoes and
sugar beet, new P was tested at 12.5 and 50lb F/acre (pl ana^f+;. New f
was tested at 14 and 54lb Klacre for barley in all three years. Foi potatoes
the amounts were 28 and I l2 Ib K/acre in 1960 and these were increased to
42and 168 lb K/acre io 196142. Because sugar beet in both 196l and 1962
were grown on new ground, three amounts of new K, g4, 16g and 336 lb
K/acre could !" l"r,g9, Table 7 (p. 38) shows the basal and test fertilisers,
and.diagram 3 9t: 37) the arrangement of the microplots on one crop
block on part of the Barley Site in 1960 and the subsequent use of the
microplots in 1961.

co[tinu€d oD page 38
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Microplbt
exPeriment

croPpinS

1957 1958

s08ar beet

barley

wh€at

PO!atoes

kale

sugar beet

swedes

wheat

Pr.^N l. The Exhaustion Iand showitrg the twelvc block3 on plots 1,3,5,7 aqd 9
during 1957-58 ard the crf,ops grow! on each block each y€a..
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Plot aod treatment 1876-1901

I

None
r---lt--'l
ll(alffi
I';TJ
Eu
FFE
t;T:tffi
T-?rlH
f Kr_.l

@
l-l*l

r958

Potatoes

Dr^c-RAM 1.. The Exhausrioa Land, j957-58, showingthe cropping and thc arrange-
ment of the microplots and P atrd K treatments on six of the tw;ive blocks.
_ (P1, P2, P4: 125, 25, 50lb frcsh p/acre; KI,K2,K4, K8: 14, 28, 56, ll2lb fresh
K/acre.)

l
FYM

=

ffi
=

ffi
H
ffi

N

Tn IH
l--Fr-l
t-:T;t
Etr
f--T4-l
lpzlE
[rT;l
Ei
--P4 IIprll--F'-t-l
|-;T;I
trt

DiaSram l.

7

NPKrli-l
f-K4--
l-l
I_;T;l

Etr
f-K4--lH
l--Tr-.
[T:lffi
trF
-'r8-t-l

m
l-'l*l

9

P

trglHffi

ffi
t:]l,--lE
ffi
r-----1HE
ffi

t958

Swedes

t9s7
Swedes

1957

Kale

t9s7
Spring

1958

Barley
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-\

AB 6RA5S

GRASS (T ) ARA B LE

ARABLE (r) 6R^sS

ARAELE (6) CRASS

ARABTE T4) GRASS

C RASS

Pli.r 2

h-aN 2. Asdell showina the halvina of the six rotatioD plots into gr&ss and arable
maai ln tsst.;no the diyi:ion of €acliarable half itrto thrce blocks for the miqoplot
experiment from 1959 to 1962.
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P6b

t6a P5a

P6b

P3a P3a

P3b

P3b

Diagram 2.

DiAGRAM 2. AgdeU, 1959-61, sbowidg the croppiag aod the araDgement of the
P trealmenls on oDe crop slrip in three successive years.

(Pl, ?3, P4, P6: 12.5,37.5, 50,75 lb fresh P/acre. 1960, P4r, residue of 50 lb p/acre
applied in 1959. 1961, a, P diessing ploughed inib, p drcssiig br6adcast on the se€dired.)

I959 BARLEY I 960 POTATOES

after barley, 1959

PI

P6

P4

P4r
P6- P4 r

PI

P4

P5

P6 P4r
P4r

P4r
P6 P4r

PI

P6

P4

PI

P6

P4

P4r
P6.P4 r

I96I SUGAR BEET

afte r barley, 1959

and potatoes, I 960

PI

P4

PI

P4

P4

PI

PI

P4
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Plan l
PraN 3. Wobum Permane wheat ard Barley sites showiog the fou. bloclc on

plots 7, 8, 9 and I I during I95G{2.

Dr cR M 3 (opposite)- woburn, 19ff1, showing the caopping thePandKtreat-
meots and the ir nSenient of the microplots on each plot, on a part of one block, io two
suocessive v€ars.

el. P4: 12.5. 50 lb fresh P/acr€; KI, K2, K4, K8: 14, 28, 56, I l2lb fresh K/a.re;
1951, r, residue of the dressing applied in 1960; a, new dressing plou8hed in; b, new
dressing b.oadcast on rhe seedbed.)
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P4 PI

PI P4

K8 K2

K2 K8

1960 Potatoes l96l Barley
after potatoes I 960

Plot and
treatment
t8n-1925

7 None

8 NPK

9 NPK

B

ilA

llB

A

FYM

NK

FYM

NK

Diagram
(see opposite page)

3.

Pt b P4r P4b

P4a P4r Pl a

Kt b K8r K4b

K4a Kla KBr

PI P4

P4 PI

K8 K2

K2 K8

P4a Pl a P4r

P4r P4b Pt b

K8r K4b Kt b

K4a Kla K8r

K2 K8

K8 K2

PI P4

P4 PI

Kt b K4b K8r

K8r K4a Kla

P4a Pl a P4r

P4r Pt b P4b

P4 PI

PI P4

Pt b P4r P4b

P4a Pl a P4r

K2 K8

K8 K2

Kl a K4a K8r

K8r Ktb K4b
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TABLE 7

Basal otd test fe ilisets, Wobum Permonent lyheat dnd furley Sites,
19M2

lb cl€dEat/actE

P test K test
Crop

Barley l9M2
Potato€s 1960

196l_62
sugar beet 196l-62

N as 'NitrGchalk'.
P as eranular supeohosphate.
K as potassium sulphate.
Basal P for all croDs for the K test was 50lb P/acre.
Basal K for the P test varied for each crop, barley 56 lb; potatoes t 12 lb irl 1960;

168lb in 1961 52; sugar beet 336Ib.
In 1960 basal P and K was applied ro seedH; in 196l-62 it was plouehed in. Ploughed

in test and basal fertilis€rs were applied id 196l on 24 January and itr 1962 otr
26lannaty.

In 1960 aU the fertilisers were broadcast by hand on the seedbed, immedi-
ately before drilling the barley and machine planting the potatoes except
that the N for the barley was broadcast from tlre combine drill as on
Agdell. In 1961 and 1962 when ploughed in and seedbed dressings were
tested all the ploughed in test fertilisers and the basal P and Kwereploughed-
in in January each year. The seedbed dressings and the nitrogen were
applied by hand,just before drilling the barley and sugar beet and machine
planting the potatoes, except that the N for the barley was applied as in
1959. Yarieties: barley, l96G6l Plumage Archer, 1962 Proctor; potato,
Majestic (chitted seed); sugar b€et, Klein E.
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The Value of Residues from Long-period Manudng at
Rothamsted ad Wobum

IV. The Value to Arable Crops of Residues Accumulated from
Superphosphate

A. E. JOHNSTON, R. G. WARREN and A. PENI.IY

The histories of the sites of these experiments, the form of the exp€riments
and the crops grown, are described in paper III (page 22).

Yields
Cereals

Etect of seedbed dresitgs. Appendix Table I shows the yields of
barley and spring \yheat on the Extraustion Land in 1957-58, of barley on
Agdell in 1959-60 and at Woburn in 1960-62. On all but one site in one
year the c€reals responded to new P up to the maximum tested on starved
soils without P residues; the exception was on the Wheat Site at Woburn in
1962 when, without new P fertiliser, this soil gave an anomalously large
yield. On each site the response to new P was always greater in the wetter
(total March-June rainfall) of the two years.

Table I shows that, at Rothamsted, yields of barley grain on starved soils
without new P were small, l2 to 16 cwt/acre, and 50lb/acre of new P
increased them by ll to 12 cwt/acre. The experiments were made with
Plumage Archer, which in the Classical Barley Experiment on Hoosfield in
196zl-66 gave similar yields to Maris Badger on poor soils but smaller ones
with full NPK manuring. Table 1 also shows that the responses to new P

TABLE 1

Efect of a nev dressing of 50 lb Placre on the yields of barley grown on soils
with and *,ithout P residues at Rothdmsted dnd Wobum, 195742

Grain, cwt/acae

Rothamst€d Wobum

Starved soil
Without new P
With new P
Response to new Pr

Eniched soil
Without new P
With new P
Respons€ to new Pr

Exhaustion
knd meatr
1957 & 1958

16.2
27.4
ll.6

24-8
27.7
2.9

Agdell me3n

12.3
23.0
10.7

Wheat Site Barley Site
mean m@d

1959 & t96o t96o & 1962 1960 & t96l

27.2 29.2
30.9 30.2
3.7 t.0

,6
25.2
0.6

17.2
m.4
3.2

24.r
21- 4
3.3

1 New P at 50lb P/acre applied broadcast to the s€edbed.
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were much smaller, only 3 to 4 cwtlacre, on Rothamsted soils containing
residues ofprevious P manuring than on soils without residues. At Woburn,
barley yielded more on the soils without residues, 17 to 25 cwt/acre, than at
Rothamsted, and the responses to new P (l to 3 cwt) were smaller.

Table 2 shows the yields on starved and enriched soils without new P;
residues increased yields of barley grain by 9 to 15 cM/acre at Rothamsted
and 5 to 7 cwt at Wobum.

TASLE 2

Efect of P residues in the soil on the yields of cereals given no nev) P at
Rothamsted od lltobum, 195742

Grain, qvt/acae

Rothaosted

Exhaustiod Ilnd mean
1957 & 1958

Agdell mean meau mcao
SpriDg 1959 & 1960 1960 & 1962 1950 & 1961Barley [h€at Barley Barley Ba ey

Woburn

Wheat Site Barley Site

t7 -2
24- |
6.9

24.6
29.2
4.6

Soil given lo oew
P and with
No residues
P residucs
Increase due to

P Esidues iD
the soil

16.2
24-8
8.5

r9.0
22.4
3-4

12.3
27.2
14.9

Some of the soils with residues behaved atypically. Because it is not yet
possible to explain the low yields or lack of response to new fertilis€r, the
yields are given only in the Appendix Tables. On Agdell plots I and 2 and
on both plots 8, but especially on the Wleat Site at Woburn, yields of
cereals were smaller than on the other enriched soils and there was no
response to new P. All thes€ plots b€came very acid before 1920 and liming
just before the microplot experiments were made did not restore their
productivity. Warren and Johnston (1962) discussed the poor yields of
barley in 196l on plot I on Agdell when, on microplots not given a fresh
dressing of P, the young plants became very yellow; similar young barley
plants on Rothamsted Farm were diagnosed deficient in N and/or K.
Though these yellow plants on Agdell contained less N and K than geen
plants they also contained very much less P than the green plants on micro-
plots given a fresh dressing ofP; the poor physical condition ofthe soil after
the very wet winter slowed the growth of roots ofthe yellowed plants and
prevented them from getting enough P from the residues. Thus, on a poor
seedbed, barley may need a fresh dressing of phosphate when the soil
contains only a moderate amount of soluble P. At Woburn there were no
obvious differences in the condition ofthe seedbeds on the various plots and
each year barley made good early growth. In 1962, sugar beet on plot 8 on
the Wheat Site showed signs ofmagnesium deflciency, as did cereals in 1967
in a new experiment on this site. In a test of Mg in 1968, Bolton (1969)
showed that giving Mg increased % Mg in wheat plants in May, but it
increased grain yield too little to explain the small barley yields on plot 8.
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Exhaurtion Land, Rorhams(cd 1957-58

5p.rir b!.1./ Spriig whear

,l-30

20

t0

,OL

20

t0

A8dell, Rorhamsrcd l159-60

Whelt Sitc 1950 and 1962

SprinS barle),

B.rlc7Siic 1960 lnd l l

Sprintbrlcy

20

t0

I

L30

20

t0

tl.5 25 50 t2.5 25 50

New pBiven tb !o.

_ Ft-o. l. Ptrect_gf P.6idu€3 atrd o€w P o! the averaSs yield p€r acre ofcereal graia,
Rotbaosted aEd WoburD, 1957-62.

(With O and ivithout O p rcsidues.)

4t

f25 25
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However the small yields of potatoes on tJle Wheat Site at Woburn may
have been caused by Mg deficiency, though the leaves of the plants showed

no symptoms.
Fig. i shows the response curves to new P on both starved and enriched

soilslOnly on the Exhiustion Land can the P residues be valued in terms of

TABI,E 3

Efect of new broadcast dressings of P and a new residue of P on barley,
Agde ,1960
G.air, cwt/aare

P civer lb/acrc

'In 1959 tn 1960 old P rcsidues no P Esidues

0 0 23'O 105
0 12.5 23'4 t2'6
0 so'o 26'8 16'7
o 75.0 27 0 19'0
50 0 24'6 16'8
50 75.0 26'6 2l'O

a fresh broadcast dressing of P having the same effect on yield, for barley

this was 30 lb P, for spring wheat 12 lb P. On the other three sites yields on

the enriched soils without new P were larger than on starved soils with new P'
In the first year of the Agdell experiment enriched soils without new P

TABLE 4

Efec, of new P, ploughed in or broadcast on the seedbed, on barley
yields a, Rothamsted and l{obum, 196142

Grain, cwt/acre

Rothamsted
Agdel, m€atr 196l-62

*flir'ln ''$i'u
P given lb/acre rrsiduG r€sidues

0 3l'l 22'O
37'5 seedbed 14'2 27'4
75 seedbed 34'0 23'6
37'5 Dlourfied in 33'8 25'o
75 irlou;hed in 29'6 29 0

!l'l olog-ghed in 3l'6 27'8+37'5 s€edbed

11 Ploushed in T.2 !2.4+15 scedbed

Wobum
Wheat Site 1962 Barley Site 196l

r-------'--:-- - - '
Plot 9 with PIot 7 no Plot 9 with Plot 7 no

P giver lb/acte P r€sidues P r€sidues P rcsidues P residues

o 31.6 29'l 25'3 t'7'9
lr.5 s€edbed 29'l 27'5 26'6 m'6
50 s€€dbed 32'l 27'2 21'9 2l'3-o 3l'7 26'3 X'3 22'2
lt.5 ploushed i! 3l'5 26'0 25'7 23'7
io i,iouirca in 29'9 32'3 24'9 2s's
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gave such larger yields than starved soils with new P, that the experiment
was modified in 1960 to test 75 lb of new P/acre and the residues of the
5O lb P/acre applied in 1959. Even with 75 lb P/acre, yields did not equal
those on enriched soil without new P (fable 3); on the starved soil in 1960
the residue of the 50 lb P/acre applied in 1959 yielded as well as the same
dressing newly applied and this residue also enhanced the efect ofthe new
T5lblacre P.

Compaison of ploughehin oad seedbed thessings lor barley, Because
there was this large effect of the ploughed-in residue of a single dressing of
P fertiliser, ploughed in and seedbed dressings ofP fertilisers were compared
on Agdell and at Woburn in 1961 aDd 1962. Table 4 shows that on Agdelt
there was a maximum yield of 33 to 34 cwt grain on the enriched soil and
this was only approached (32 cwt grain) on the starved soil with a combined
dressing of 75 lb P ploughed in plus 75 lb P to the seedbed. At Woburn on
the Wheat Site, maximum yield of 3l to 32 cwt grain on the enriched soil
was only equalled on the starved soil by ploughing in 50 lb p (the largest
amount tested); on the Barley Site,26 to 28 cwt ofgrain was obtained with
residues and again this was only equalled on soils without residues by
ploughing in 50 lb of fresh P.

Potatoes
Efect of seedbed dtessiags, Often when FYM was given to potatoes the

soil was drawn into ridges and the manure was put in the furrows before
setting the potatoes. The ridges were then split back to make new ridges
over the potato sets. Cooke (1949) showed that, when potatoes were planted
this way, fertilisers could be applied by various techniques that allow some
degree of fertiliser placement. In our experiments, the fertiliser was put in
the bottoms of the furrows before planting (Cooke, 1949, Method C), this
was done on the Exlaustion Land and Agdell where the potatoes were set
by hand, but at Woburn the potatoes had to be machine planted and so the
fertilisers were applied on the flat seedb€d immediately before planting,
which distributed the fertiliser through the ridge as in Method A. Appendix
Table 2 shows the yields on the Exhaustion Land in 1957-58, on Agdell in
1959-60, and at Woburn h 1960-62.

Potatoes on all sites and in all years on soils with and without p residues
responded to Dew P up to the largest amount tested. Table 5 shows that at
Rothamsted where the yields on starved soils were small (5 tons/acre) the
responses to 50 lb new P/acre were between 5 and 8 tons. The enriched soils
on Agdell produced 12 tons/acre but those on the Exhaustion Land only
8 tons/acre. On these enriched soils responses to new P were smaller than on
the starved soils. At Woburn yields on the staryed soils (14 tons/acre) were
larger than at Rothamsted but the responses to new P on both starved and
enriched soils were small (about I ton/acre).

Table 6 shows the yields with and without P residues when new p was not
given and the large yields with the residues. Fig. 2 gives the response curves
to new P.

On the Exhaustion Land the residues could be valued in terms of a new
dressing of P; for the potatoes this was no more than 5 lb p/acre. On the
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TABLE 5

Efect of a new dressing of 50 lb Placre on the yield of potatoes grown on

soils with and without P residues dt Rothdmsted dnd Wobum, 195742

Tubers, toos/acte

Rothamsted

Exhaustion
Land mean
1957 & 1958

Staned soil
Without trew P 5't 4'8
with new P l3'0 l0'l
Resposs€ to new Pr 7'9 5'3

EDriched soil

Woburn

Agdell rneaD
1959 & 1960

1 New P at 50 lb P/aqe civeo alons the bottoms of the furrows before hand planting
on the Exhaustio! I-lnd and Acdell. on the flat s€edb€d before machine planting at
Wobum.

TABLE 6

Efecl of P resitlues in the soil on the yields of pordtoes given no new P
at Rothdmsred dnd Wobum, 195742

Tubers, tons/acre

Rothamsted

TABLE 7

Efect of new broddcdst dressings of P otd a new residue of P on
potatoes, Agdell, 1960

Tubers, tons/a.tE

Wheat Site Barley Site
mean mea[

lW &t962 19@ & 1961

13.8 l4.l
14.6 15.8
0.8 1.7

Without ne\{ P 8'4
With trew P l3'0
Response to new Pr 4'6

r 1.9 16.7
15.2 t8.0
3.3 1.3

15.8
16.6
0.8

Woburrr

Soil given no new P
and with
No r€sidues 5'l
P rcsiduqs 8'4
Increase due to P

residues in the soil 3'3

Exh.ustion
I-and mean Agdell mead
1957 & 1958 1959 & 19@

4.8
lt.9
7.1

Wheat Site Barley Site
mean mcan

19@ &1962 19@ & t96l

13.8 l4.l
16.7 15.8

2.9 1.7

P aiven lb/acre

--:---r---..........-.- 
Plots 3 and 4 with Plots 5 and 5'In 1959 In 1960' old P residues no P residues

0 16.0 6.1
12.5 t7-4 A.7
50 20.1 12.6
75 20.2 13.6
0 t7.3 10.0

15 m'l 14-6

0
0
0
0

50
50

other three sites yields on enriched soils without new P were more than on
starved soils with new P, except at wobum where the residues on the
Barley Site could be valued at 50 lb new P/acre.

44

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 46

VALUE OF RESIDUES FROM SUPERPHOSPHATE

Exhau$ion Land t957-58

Wheat Sire 1960 n.d 1952

tonrtukrs
Aldell I 959-60

Barley Sit. l96t)rnd t96t

50

N.w P rlvcn,lb/.<rc

,,[':: i",f"m":*.tfb]fr1igr?%: on the averase vierd per acre of potato

(With a and wirhout O p residues.)

t2.5 25 t2.5 25
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When the Agdell experiment was modified in 1960, P was tested at
75 lb P/acre for potatoes. As Table 7 shows, on the enriched soils this did not
further increase the yield, and on the starved soil, though I ton/acre more
potatoes was obtained by increasing P from 50 lb to 75 lb, the yield was still
less than on enriched soil without a new dressing of P. Table 7 also shows
that, in 1960, on the starved soil the residues of the previous year's dressing
of 50 lb P gave an extra 4 tons/acre of potatoes; evetr more interesting was
that these one-year-old residues, together with the new dressing of
75lbPlacre, gave more potatoes that would have been suggested by extra-
polating the response curve to new dressings in that year. In 1960 on soils
rvith residues potatoes gave a small response to the residue of 50 lb P
applied in 1959 only when new P was not given.

Further evidence that single dressings of new fertiliser can have large
residual effects on very impoverished soils but inconsistent effects on richer
soils came from the yields ofpotatoes on Agdell. In 196l-62 on the starved
soil without new P the yield of7.8 tons/affe (Table 8) was 3 tons more than
on the same plots in 1959-60 (Table 5). On the enriched soils ofplots 3 and
4, the yields were the same in 1959-60 and 196142 (12'2 and ll'9 tons
respectively). The 196l-62 microplots were superimposed on those of
1959-60 which had received some fertiliser P and the residue ofthis dressing
increased the yield on the starved soil but not on the enriched soil.

TABLE 8

Efect of new P, ploughed in or broadcast on the seedbed, on potdroes at
Rothomsted and Woburn, 196142

Tubers, tons/acre

Rotha$sted
Agdeu, mean 1961-52

Plots 3, 4
with p

P given tb/acre residues

0
37.5
15
37-5
75
37.5

+37-5
15

+75

12.2
seedbed tl'9
seedbed l5'8
ploughed ir t2'6
plougled in II 9
ploughed in A.j
s€e(lDeo
ploughed in
s€edbed

Wobum

Wheat Site 1962

Plots 5, 6
noP

residues

1-8
9.2
9.9
9.4

10.2

10.2

r0.3

Barley Site 196l

P giver lb/a6e
0

12.5 seedbed
50 s€edbd
0

12.5 Dloueied in
50 Dloushed in

14.8
t1.2
16.4
r 5.3
t3-4
14.5

12.5
11 .9
12.8
1t .0
13.3
t5-2

13.1 10.9
12.5 ll.3
14.1 12.7
12.3 tt.6
15.3 12.5
l4.l 13.0

Plot 9 Plot 7
with P no P
residue,s residues

Plot 9 Plot 7
with P Do P
rcsidues residues
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Comparison of ploaghcd-in qttd seedbed &esshgs. Ploughed-in and
seedbed-dressings of fertilisers for potatoes were compared on Agdell and
at Woburn (Table 8), but neither method of application was consistently
superior. On the starved soil on Agdell, even a new dressing of 150 lb P/acre
did not give the same yield as the enriched soil without new P, but at
Woburn ploughing in 50 lb P/acre on the starved soil gave the same yield as
the enriched soil without new P. However, on both sites a new dressing ofp
on the enriched soil gave a larger yield than the same amount of nelv p on
the staryed soil, exc€pt when the new P was ploughed in on the Wheat Site
at Woburn.

Sugar beet
EAed of seedbed dresings. Sugar beet, which were grown on the

Exhaustion Land and Agdell in the same years as the other crops, were
grown at Woburn only in one year on each site. Appendix Table 3 gives the
yields on the Exhaustion Land, 1957-58; on Agdell 1959-60; ar Woburn
196l-62. Table 9 shows that, on the starved soils at Rothamsted, sugar

TABLE 9

Efect ofa new dressing of 50 lb Plocre on the lield of sugat from beet groxn
on soils with and *ithout P residues dt Rothamsted ond Woburn, 19j742

Sugar, cwt/acre

Rothamstad

1 New P at 50 lb/acre broadcast on the seedbed.

yields were increased from 3l to 46 cwtlacl:e on the Exhaustion Land and
from 27 to 38 cwt on Agdell by a dressing of5Olb P/acre. However, muchof
this increase was given by a new dressing of 25 lb P/acre. On the enriched
soils, the response to trew P was only 2-4 cwt sugar/acre. At Woburn the
sugar-beet experiment was the most disappointing in the series. Beet was
grown only for one year on each site, whereas for the other crops on each
site there are averages of two results, Responses to new p werJsmall and
variable, but did not exeed 3.0 cwt sugar/acre on either the starved or
enriched soils.

Table l0 shows the yields at Rothamsted without any new p, and the
large increases in yield from the residues of P on the enriched soils. At
Woburn, on the Barley Site, yield on starved soil (30 cwt/acre) was similar to

47

Exhaustion
I-and Dean Agd€ll mean
1957 & 1958 1959 & t960
plots 5 & 9 plots 3,4, 5, 6

30.6 26-9
45-6 38-215.0 I1.3

46.0
47.8
1.8

Wheat Site Barley Site1962 196rplotsT&9 plotsT&9

Wobum

Starved soil
Without new P
With new P
Rcsponse to Ilew P1

EDriched soil

so.2
47-4

-2.8

51.0
54.3

12.1
34.6
2.5

43.0
43.6
0.6

Without new P 45.2
With new P 41.8
Respons€ to new Pr 2-6
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that on the starved soils at Rothamsted and the residues in the enriched soil
gave an extra I I cwt sugar. On the Wheat Site in 1962, yields on both soils
were much larger (50 cwt/acre) and the P residues gave no extra yield.

TABLE IO

Effect of P residues in the soil on the yield of sugar whm no new P was
given al Rothamsted and Wobum, 195742

Sugar, cn't/acrE

Rothamsted
Wobum

Wheat Site Barley Site1962 196l
plotsT&9 plotsT&9

9.2 32.1
51.0 43.0

0.8 10.9

Soil given no new P
and with
No residues
P residues
Inclease due to P

residues in the soil

Exhaustiol
Land meao
1957 & t958

plots 5, 9

30.6
45,2

14.6

Agdell mean
1959 & 1960

plots 3, 4, 5, 6

26.9
46.0

l9.l

Fig. 3 gives the response curves of sugar beet to new P on both starved
and enriched soils at Rothamsted. The residues on the Exhaustion Land
were equivalent to a new dressing of about 25 lb P/acre. On Agdell, taking
the mean of the two years, the residues were worth much more than any
new dressing of P tested, largely because of the large yield given by the
residues in the first year, 1959. Table ll shows that, in the second year,

Frc. 3. mect of P
Rothamst€d, 1957-60.

.t8

N.w P 8ivenlb,r..rc

residuB and Dew P on the ave.age yield per acre of sugar,

(With O and without O P residues.)

Exhau(ion L.nd 1957-58 Agdell 1959-50
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New p 
6!ven.tb acre

FIc. 3a. Effect of P residuB ard trew P otr the yietd per aaf,e of sugar, Agdell, l9@.
(With a and without O P residues.)

TABLE 11

Effect of new broadcast fuessings of P dnd a nevr resid e ofP on s-ugdr
yields, Agdell, 1960

Sugar, cwt/asE

P givea lblacre
Plots3atrd4with plots 5 and 6

In 1959 Ia 1960 old P t€sidues no P residues
0 0 43.r 25.70 t2.5 45.8 31.80 50 $.2 43.6o 75 45.2 4.250 0 43.8 42.750 75 49.1 4.6

1960, when more new P was applied to the seedbed than in 1959, yields on
starved and enriched soils were the same with 75 lb P/acre. From the
response curves in Fig. 3a, the residue was valued at 50 lb new P.

Conrprisonidplouglo.l-in and seedbed &essings. The soils of Agdell are
diftcult to cultivate and often form a cloddy structure not easily p€netrated
by roots. The comparison ofploughed-in and seedbed dressings offertilisers
in 196l-62 showed that these soils leld more reliably lyhen they contain
residues. Table 12 shows that, for each treatment, the yield on the enriched
soil was 8 to 13 crlt sugar/acre more than on the starved soils. The yields in
Table 12 also indicate that the deeprooting sugar beet responded more to
ploughed in than to seedbed dressings of P. At Woburn, where the same
comparison was made in the same years, yields varied too Duch to dif-
ferentiate between ploughed in and seedbed dressings of P.
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TABLE 12

Efecl of new P, ploughed in or broadcast on the seedbed, on sugar
lields dt Rothamsted, 196142

Su8ar, cwl/aq€

4.5
63.8
67-6
75.2
71.8

74-8

78.4 65.4

Swedes and kale
Efect of seedbed thessings. These two crops were only gro]vn in two

years, 1957-58, and on one site, the Exhaustion Land. Appendix Table 4
shows yields of both crops were larger in 1958, the wetter of the years.

On the starved soil, swedes responded well (5'6 tons/acre)to the smallest
amount of new P added (12'5 lb P/acre) and gave further increases of l'9
and 1.8 tons from the next two amounts of P given. Kale behaved dif-
ferently; it responded well (4'4 tons) to the smallest amount of P but only
little more to further P. Table 13 shows that P residues increased yield of

TABLE 13

Efect of P resitlues in the soil on the yield of swedes and kale when no new P
wds given dl Rothdmsted on the Exhaustion Land, 1957-58

ToDs/a€re

S*cdes

Tops

1.8
2.9

l.l

both crops greatly, by 7.0 tons of swede roots and 4'4 tons of kale. On these
enriched soils, the response to new P was much smaller than on the starved
soils.

Fig. 4 shows that, with the largest amount of new P tested, the yield of
swedes was the same on both starved and enriched soils but the largest
amount of new P on the enriched soil gave l'3 tons more kale than any
other treatment. The response curves (Fig. 4) valued the residues as worth
20lb broadcast new P for swedes and 15 lb P for kale.

50

Plots 3 and 4 Plots 5 and 6
with P no P
residues residuesP gven lb/acre

0
37 5 s€edbed
75 seedbed
37.5 plouehed in
75 ploughed in
37 5 ploughed ir

+37'5 seedH
75 ploughed in

+75 seedM

54.7
55.5
fi.2
&.4
58.3

61.8

Soil given no new P
and with
No residues
P residues
Incr€a-se due to P

residuG in the soil

Roots

8.5
15.5

7.0

Kale

14.8
19.2

4.4

Asdell, mean 1961 62
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Exhaus(on L.nd, Rorh:msred 1957-58

tons

Ncwpriverrb acre 
125 2J 50

Frc. 4. Effect of P i€sidues and Eew p on the averdge yield Der acre of swede toots
and kale, Rothamsred, 1957-58.

(Wilh O without O P residues.)

Discussion of the phosphorus tests

Table 14 shows the increases in yield of all crops from 50 lb p/acre applied
as a broadcast dressing of superphosphate on all sites, excluding the poor
yields on those Classical plots where previous treatment made thesoils acid.
At Rothamsted all crops on staryed soil responded to new p very much
more than on the enriched soils. On the Exhaustion Land, barley, spring
wheat, potatoes and swedes yielded similarly on both starved and;nriched
soils when given a new dressing of 50lb P/acre. Sugar beet and kale yielded
rather more on soil with residues than on soil without. On the starved
Agdell soils, none of the three crops, barley, potatoes and sugar beet,
yielded as much when given 50 lb/acre new P as on the enriched soil with-
out new P. At Woburn all crops, except for one test with sugar beet,
responded to new P, though the responses were small, and were nearly the
same on soils with aod without residues. This was unexpected with potatoes,
but this crop yielded very well at Woburn with all tr;atments.

At Rothamsted, residues did not lessen the responses to new p by
potatoes as much as with other crops, and the response curves for potatoes
were steeper than for other crops. This difference may mean that potatoes
are less able than other crops to use phosphorus in the soil because the
roots do not'search'the soil mass so thoroughly, or it may be because the
new P was placed in the furrows, under the seed tubers, whereas for the
other crops it was broadcast and harrowed in about 2 in. deep.

At Woburn, potatoes without new P yielded very much more than at
Rothamsted, suggesting that the roots were able to remove more nutrients
from this light soil than from the heavy soil at Rothamsted. Smaller respon-

5l
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ses to new P at Woburn may have been because the new P was applied on
the flat before the sets were machine planted.

Wlen valued by the difference in yield between soils with and without
residues, obtained with crops given enough N and K, the residues ofold p
dressings have considerable value at both Rothamsted and Woburn.
Table 15 summarises these increases in yield of all crops on all sites. When

TABLE 15

Efect of old rcsidues of fertiliser P dressings at Rothdmsted atd
Wobum, 195742

Yictd/ase
%iErra!€

in yreld
dur to

r€siducs

53
121

t9
i|{)

l8

65
l,l8

2t
12
,t8
7l

)
v
82

30

the extra yield is expressed as a percentage of the yield on the corresponding
starved soil, the yield increases for all crops were between 18 and 651on
the Exhaustion Land and 70 and l5ol on Agdell. At Woburn they were
less, 2 to 40%.

Table 16 shows the value of the P residues in terms of an equivalent
dressing of new P fertiliser, estimated from response curves lo new P on
starved soil; this could be done only for the residues on the Exhaustion
Land. The range ofamounts, 5 to 30 lb, is large, so though the residues must
be the same chemically, they do not have one general value, but their value
depends on the crop grown.

These results show the need for experiments on different soils. In the first
experiments on the Exhaustion Land, yields offour ofthe six crops tested
were the same on starved and enriched soils when the largest amount ofnew
P was given. Therefore, given basal N and K, there was no diflerence
bet\yeen the two soils other than the amount of available P and this dif-
ference could be removed by applying 50 lb of fresh P/acre as superphos-
phate. In the second experiment, made on Agdell in 1959-60, the yields on

53

Crop Site
Barlq Exhausriotr Land

grah, cwt Agdell
Woburn

Wh€at Site
Barley Site

Spriog whcat ExhaustioD Land
8rah, c\{t

Potatoes Exhaustionlrtrd
tubers, Agdeltons Wobum

Wh€at Site
Barley Site

Sugar beet Exhaustioq Irnd
sugar, cri't Agdell

Wobum
Whcat Site
Barley Site

S\redes ExhaustioDlaDd
roots, tons

Kale Exhaustion I-and
loDs

Ioct€aseNo With P due to PYears rcsidu€s residues residues
1957 & t958 16.2 U.8 8.6
1959 & 1960 

'2.3 
27.2 14.9

1960 & 1962 ,6 29.2 4.6
1960 & t96l 17,2 U.t 6.9
1957 & 1958 19.0 ?2'4 3.4

1957 & 1958 5.1 8.4 3.3
1959 & t960 4.8 t1.9 7.1

a
tg6o & lx;z r3.8 16.7 2.9
1960 & t96l l4.l t5.8 1.7
1957 & 1958 30.6 45.2 14.6
1959 & 1960 26.9 4.0 l9.t
t9a 50-2 51.0 0.81961 32.1 43.0 10.9
1957 & 1958 8.5 15.5 1.O

1957 & l9s8 t4.8 19.2 4.4
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TABLE 16

Value offertiliser P residues expressed ds broadcast dressing of P having
the same efect on yield, the Exhdustion Land, Rothamsted, 1957-58

lb P/acle
Badey, graio 30
Potatoes, tubers 5
Sugar b€et, sugar 25
Spring wheat, grain 12
Swedes, roots mKale 15

enriched soils without new P were larger than on starved soils with new P.

This was true even when, in the second of the years, the largest amount of
new P applied broadcast was increased to 75 lb P/acre. The results on the
lighter soil at Woburn in l96G-62 were similar to those on Agdell.

Yields o[ the starved soils on Agdell could not be increased to those on
enriched soils, even by ploughing in fertiliser P, but applying new P
fertiliser this way gave larger yields than applying it to the seedbed. Analysis
of soil samples, taken 9 in. deep, during early summer, showed that less of
the ploughed in P had remained readily soluble, but because it was deeper it
increased yield more than seedbed dressings. On some soils, therefore,
P residues can give better yields than fertiliser P freshly applied at the rates
and in ways usually recommended.

A third important result was that often all amounts of newly applied P
fertiliser tested gave larger yields on soil enriched with residues than on
starYed soil.

Phosphorus concerhation in the crols

Tables 17, 18 and t9 give the perc.ntages of phosphorus in the dry matter
of the crops grown in these experiments.

Cereals. The phosphorus concentration in the dry matter of cereals
(Table I 7) was smallest for those grown on Agdell where the new P gaye the
largest increase in yield. At Rothamsted, though new P fertiliser gave larger
yields, it did not increase tie P concrntration in the grain. This contrasted
strikingly with the effect of the residues, which consistently increased the
concentration of P in the grain. Without new P, therc was 0'24 to 0'29)4P
in grain grown on the starved soils and from0'27 to 0'351P on the enriched
soils. Where dressings of new P are given annually on the Hoosfield Con-
tinuous Barley plots, the soil has much larger residues than those of these
microplot experiments and the barley grain contains from 0'37 to0'4llP,
supporting the view that P distributed through the cultivated soil layer is
more accessible to the plant than new broadcast dressings. Residues had
little effect on /. P in straw, whether or not new P was given. There was little
diflerence between seedbed dressings and ploughed in new P on the % P in
the gain.

Potato€s. On the Exhaustion Land and Agdell, where both residues and
new P dressings gave large increases in yields of potatoes, the residues
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increased P concentration in tuber dry matter more than did tle newly
applied P (Iable 18). Residues increased lP by 15 to 30 %, about the same
as for cereals. At Woburn, where yields without P residues were large and
where both residues and newly applied P gave only small increases in yield,
there was no big change in the I P in dry matter.

Swedeg sugar beet, kale. Table 19 shows only the analyses of those crops
grown on the Exhaustion Land. Without new P, I P in the crops on en-
riched soil was tlO to 100 f more than on starved soil, a much larger increase
than with cereals or potatoes. New P increased % P in the crops on starved
soils to the concentrations in plants grown on enriched soil without new P, a
result not achieved with cereals and potatoes. New P had much smaller
effects with residues than without.

TABLE 19

Efect of P residues and new P on the percentdge of P in sugar beet, swedes
and kole grown on the Exhaustion ltnd, Rothamsted, 1957-58

Sugar b€€t Swrd6

Tops Roots Tops Roots Kale
No trew P giveo to soil with

No rcsidues
P residu€s
Efect of P residues

New P given (50 lb P/acae) to soil with
No residues
P residuq
Efrect of P rEsidues

Efecl of new P (501b P/acre) in the
Abseoce of residues
Pres€nce of i€sidues

0.19 0.08 0.29
0.26 0.13 0.4t0.07 0.05 0.12

0.16 0'20
0.34 0.28
0'18 0.08

o.u o'13
0.26 0.14
0.02 0.01

0.42 0.32 0.26o.M o.32 0.12
o.o2 0 0.06

0.05 0.r3 0.16 0.06
0.01 0.03 -0.02 0.04

0.05
0

Phmphonrs content of tLe crops

Tables 20 to 23 show the uptakes of phosphorus by the harvested pans of
the crops grown.

Cercals. Without new P, uptake of P by the whole crop from starved soils
ranged from 4 to 6 lb P/acre at Rothamsted and 7 to 9 lb P at Woburn
(Table 20). On enriched soils 8 to l0 lb P was taken up at Rothamsted and 9
to I I lb P at Woburn, so the residues provided 3 to 6 lb P at Rothamsted
and I to 2 lb P at Woburn. With new P, uptakes on the Exhaustion I-and
were much the same from starved and enriched soils, 9 to I I lb P, but on
Agdell and at Woburn the presence of residues increased the uptake of P
because yield was increased by residues on these sites but not on the
Exhaustion Land.

Potato€s. The tubers of the potato crop from the staryed soil on the
Exhaustion Land and on Agdell 1959-60, contained only 3lb P/acre
(Table 2l). On Agdell in 196l-62 the uptake was larger, 5.6Ib P, probably
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because these microplots were superimposed on those of 1959-60, some of
which had received P. From the old residues intimately mixed with the soil,
the potatoes extracted at least twice as much P. At Woburn the potatoes
could get more than three times as much P from the starved soil as from the
starved soils at Rothamsted, especially in the wet year of 1960. However,
much less extra P was taken up from the residues at Woburn. With new P,
uptake of P increased because yield increased.

TABLE 2I

Efect of P residues and new P on the dmount of P in potdto tubers
grown dt Rothamsted and Wobum, 195742

lb P/acrelyear

Rothamsted

Exhaustion
I-a[d mean

1957 &
1958 P itr
furrows

2.8
6.0
3.2

Mean
1959 &

1960 P in
furrows

3.0
9.5
6.5

P
ptoughed in

5.6
9.2
3.6

8.0
10.3
2.3

2-4
1.1

Mean 196l & 1962

Pto
seedb€d

No new P givetr to soil with
No residues
P residues
Effect of P lesidues

5.6
9.2
3.6

1.0
t2-7
5.7

1.4
35

New P given (501b P/'acre)r to soil with
No residues
P residues
Efect of rcsidues

Effect of new P (50 lb P/acre)r in the
Absenc€ of residues
Presence of residues

9.0 7.2
9.6 12.5
0.6 5.3

6.2 4-23.6 3.0

Wobum
Wheat Site

1962 1961

Barley Site

Pto
seedbed

ploughed
ln

1960 P 1960
P to P to ploughed P to

seedbed se€dbed in s€edbed
No new P give[ to soil with

No rcsidues
P residues
Efect of P residues

New P given (50 lb P/acro to
soil with
No rcsidues
P residues
Effect of P residues

Effect of new P (50lb P/acre) in the
Abserce of residues 2.5 2-3 2,3 1.6
P&sence of residues 5.5 2-2 0.8 5'0
I 75lb P/acre ASdell 1961-62.

13.4 8.9 8.7 17.6
15.8 10.4 10.9 t1.l
2.4 1.5 2.2 -0.5

15.9 tt.2 I.021.3 12.6 11.75.4 1.4 0.7

9.t 10.3
12.3 t3.l3.2 2-8

19.2 .5 .6
22-t l3.t 14.42.9 1.6 2-8

2.4 1.3
0.9 1.3

Sugar beet. Sugar beet took up about the same total P from both the
starved soils ofthe Exhaustion Land and ofAgdell during the first period in

59
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botl experiments, and the extra uptake from the residues was 7.5 lb P/acre
(Iable 22). During the second period on Agdell, 1961-62, uptakes from the
starved soils were twice as much as in 1959-60, but the extra uptake from
the old residues (9.71b P/acre) was only a little greater, so the plants must
have taken up either much more native soil P or extra P from the residues of
the dressings given in 1959-60. The residues at Woburn supplied much less
P (2 to 4 lb/acre) for sugar beet than the residues at Rothamsted. With new
P, the crop still took up the same amount of extra P from the residues at
Woburn and on Agdell as it did without new P, but not on the Exhaustion
Land where, with new P, the uptake from the residues was much less.

f,ale and swedes Table 23 shows the uptakes by both crops from the
Exhaustion Land in t957-58. Kale took up much the same amount ofP as
sugar beet, excapt on the enriched soil with new P, where it took up more.
With new P, the increase in yield between starved and enriched soils was
small, I ton/acre increase in 20 tons/acre, and some of the extra uptake
from the enriched soil with new P was probably 'luxury' (without a com-
mensurate increase in yield). Swedes took up about 4 lb/acre P from starved
soil without new P, about the same amount as potatoes. However, in con-
trast to potatoes, the swedes took up very much more P from the enriched
soil, 16 lb compared to 6 lb by potato tubers.

TABLE 23

Efect of P residues and new P on the dmount of P in kale and swedes
grown on the Exhdustion Ld d, Rothdmsted, 1957-58

lb P/acE/y€ar

No oew P given to soil with
No residues
P rcsidues
Effect of P rcsidues

New P added (50 lb P/acre) to
soil with
No residues
P residues
Etrect of P residu€s

Efrect of new P (50 lb P/acre)
in the
Absence of rcsidues
Pr€s€oce of r€sidues

Kale

9.6
19.8
to-2

Tops

1.4
3.2
1.8

Roots

3.1
12.6
9.5

12.3
13.0
0.7

Total

4.5
15.8
ll.3

17.6
25.O
7.4

8.0
5.2

t5-7
16.7
t.0

3-4

0.3

9.2
0.4

2.O
0.5

tt.2
0.9

$nmmary of the effects of P residues ard new dressings of P fertiliser
on P uptake

On any one site, di.fferent crops can be compared to se€ how much P they
take up in the presence and absence ofresidues. From the starved soil with-
out new P on the Exhaustion Land, of the six crops grown, potatoes (3 lb
P/acre, possibly 4 lb if tops are included) extracted least P, and kale and

6l

Swedes
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sugar beet extracted 2+ to 3 times as much. Swedes took up only little more
than potatoes, and cereals were intermediate b€tween potatoes and kale.
Although the swedes got oDly a small amount of P from the starved soil,
they extracted as much extra P as kale from the soils with residues, swedes,
I I lb P, kale, l0lb. Sugar beet, which were in the ground longerthan swedes,
were less emcient than swedes or kale at taking up P from the residues;
they took up only 7.5 lb P, but this was twic€ as much as that taken up by
cereals or potatoes. The relative ability to obtain P from starved soils was
con.firmed for the tbree crops grown on Agdell and at Woburn. On both
these sites, as on the Exhaustion Land, sugar b€€t took up more P from the
residues that did potatoes, which took up the same amount as barley. Thus
on the three sites each crop behaved in the same way relatiye to the others.
These residues, because of their age, must have been intimately mixed with
the soil and, on any one site, had the same solubility. That different crops
take up different amounts of P is presumably related to the ability of their
roots to search the soil mass for nutrients and to the lenglh of time they
grow. However, there may also be physiological differences that affect the
ability of different crops to absorb phosphorus from the soil.

When new P was applied more of this was taken up from starved soils
than from enriched soils, except in three tests with potatoes, two at Woburn
and one on Agdell. The apparent perc€ntage recoveries, defined as

4!ry!!*#H@t",*,
of the freshly added P are small, and only 7 ofthe 54 values excreded l0l.
Only on the Exhaustion Land, when yields were the same, was the same
total P removed from the starved and enriched soils when new P was given.
Otherwise the greater yield on soil with residues and new P was always
accompanied by the crop taking up more P.

Summary

In these experiments made to yalue accumulated residues from many dress-
ings of P fertilisers, all crops gave larger yields on enriched soils than on
starved soils when new P fertiliser was not given but fresh N and K were.

In the first experiment, on the Exhaustion Land at Rothamsted, four
crops (barley, spring wheat, potatoes and swedes) of the six tested gave the
same yield on the starved and enriched soils when new P was given and the
other two crops (sugar beet and kale) gave almost the sameyield. The cereals
and potatoes recovered less than 0'5 % and the other crops less than I f per
year of the total amount ofP applied between 1856 and 1901. These results
on the Exhaustion Land would not have justified a policy of deliberately
building up residues in soil instead ofgiving new P each year when needed.
However, on Agdell and at Woburn, nelv P failed to give as large yields of
any of the three crops tested on previously starved as on enriched soils.
Again the recovery of P from the residues was very small.

Larger yields were always associated with the uptake of more P. Thus,
if the crop has to rely on newly apptied P, this must be placed where the
roots can take it up. Residues, which have been in the soil a long time, are

62
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inlimately mixed with the soil, so the growing roots qtn get p from atry-
where in the cultivated layer. Thus the plant is not prevented from obtain-
ing enough P by poor mixing of a fresh dressing, or poor soil structure
resisting root growth to a limited volume of soil-

_ P_residues are probably now accumulating in many well fertilised'soils,
but how many soils in this country would behave as those on the Exhaistion
Land and those on Agdell and at Wobum is not known. More experiments
are needed to set limits, on each type of soil, to which p residuei must be
accumulated before different crops do not respond to new p on enriched
soils.
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APPEtrIDIX TABLE 2

Yields ol poldtoes grovn on the Exhaustion ltnd ond Agdell ot Rothdmsted
and on the Whedt dnd Bdrley Sites at Woburn, 195742

Tubers, tons/acre
New P

dressingt
to s€edbed

lb/acre
Rothamsted

Exhaustion I.and

Cllssical
Experiment

plot

5 tro residues

9 with P residues

5 and 6 no residues

3 and 4 with P rcsidues

I and 2 with P residues

7 no residues

8 with P residues

9 with P residues

7 no residues

8 wirh P residues

9 with P residues

1957

0 50
12.5 tl.4
25 I1.8
50 t2.7
0 9.3
t2.5 9-6
25 |.4
50 t2.9

Agdell
1959 l9@

0 3.6 5.1
t2.5 5'8 8.7
50 1-6 12.6
0 7.8 16.0
12.5 9.0 17.4
50 t0'2 fr.r
0 5.8 18.7
t2.5 8.4 19.6
50 to.2 22.2

1958

ll.6
r 3.6
t 3.3
7.4

ll.0
ll.0
13.2

1962
12.5
lt.9
12.8
tl.5
13.4
r 5.5
14.E
13.2
16.4

l96l
r0.9
ll.l
12.7
t2-7
ll.8
13.4
13.7
t2-5
l4.l

Meatr
5.1

ll.5
12.1
13.0
8.4

10.3
|.2
r 3.0

Mcan
4.8
7-2

l0.l
I.9
t3.2
15.2
12.8
14.0
t6-2

Mean
13.8
13.6
14.6
13.2
t5.2
r 5.8
16.7
15.4
r 8.0

Mean
l4.l
14.0
15.8
t5-7
15.6
16.6
15.8
r 5.6
16.6

G
2.8
4.6

R€spons€

6-4
7.6
7.9

Response

2.4
5.3

1.3

t.z
3.4

riy'obum

Whcat Site

t9@
0 l5.l
l2-5 15.3
50 16.3
0 t4.8
t2.5 17.O
50 16.1

0 18.6
12.5 11.7
50 l9-1

Barley Site

1960

0 17.3
12.5 16.1
50 t9.0
0 l8'7
t2.5 19.4
50 19.8
0 17.8
12.5 18.6
50 19.2

RespoDlc

-o.20.8

2-O
2-6

- l.ll'3

Response

-0.11.7

-0.10.9

-o.20.8
r In the furrows before hand planting at Rothamsted, ove. the flat seedbed b€fore

machine planring at Wobum.

6

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 68

VALUE OF RESIDUES FROM SUPERPHOSPHATE

APPENDIX TABLE 3

Yields of sugor fronl beet grown on lhe Exhauslion l-dnd and Agdell at
Rothamsted and the Whedt and Barley Sites dt Woburn, 195742

Classical

Sugar, cwt/acar

Rothamsted
Exhaustion Land

New P
dressing

Experiment to seedbadplot lb/aqe

5 no residues

9 with P residues

7 ao Ggidues

8 with P residu€s

9 with P rcsidues

Wobum

wheat Site

Meatr Response
30.6
42.6 l2.O45.0 14.4
45.6 15.0
45-2
45.0 0.8
4.2 -3.047-8 2.6

Mean Rc6Eoosc
26.9
31.8 4.938.2 

' 
1.3

46.O,16'8 0.8
47.8 l.E
37.8
39.4 t.6
41.5 3.7

Barley Site

0
12.5
25
50

0
12.5
25
50

t951
18.3
21.6
28.7
29.4
29.6
36.0
29,0
32,5

1958

42.8
57.5
6t.4
61.8
60.8
56.0
55.5
63.1

l95i8d"ll 19eo

5 atrd 6 no residues O 28.1 25.7
t2.5 31.8 31.8
50 32,9 43.6

3 and 4 with P rEsiduB 0 49.0 43.1
12.5 41.7 45.8
50 47.4 8.2

1 and 2 with P rcsidues O 32.9 42.8
12.5 34.2 M.650 36.3 46.7

1962
0 50.2
12.5 43.8
50 47 -4

o 52.1
12.5 45.2
50 45.7
0 51.0
12.5 45.5
50 s4-3

Respodse

-6.4
-2.8

-6.9
-6.4

-5.53.3

1961 Reqronse
32.1
34.7 2-6
34.6 2.5
38.5
33.5 -5.031.6 -6.9
43 -0
34.5 -8.543-6 0.6
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APPEIiDIX TABLE 4

Yields of sredes and kale grorn on lhe Exhaustion l-and at Rothdmsted,
t957-58

tons/acre

Classical
Experiment

plot

5 no residues

9 with P residues

New P
dressing

to seedbed
lb/acre

0
12.5
25
50

0
t2.5
25
50

1957

swede roots
6.9
8.4
ll.l
12.2
10.4
I1.6
I1.8
12.2

Swede tops
I.0
l-4
1.8
t.8
1.8
2.0
2.2
2.0

Kale
13.2
15.8
t1.4
19.2
l5-2
15.5
17.6
t7 -7

1958

10. I
19.8
m.8
23- 4
20.6
2t-5
20.5
236

2.5
4.5
4.8
4.7
40
3.3
4.2
4.1

16.3
22.7
22-8
21.0
23.1
23.5
24.9
2s-2

M@n

8.5
14.l
,6 0
l?.8
15.5
16.6
16.2
17.9

Response

iz
1.5
1.4

5 no residues

9 with P rcsidues

5 no rcsidues

9 with P residues

0
t2- 5
25
50

0
12.5
25
50

0
t2.5
25
50

0
t2.5

50

1.8
3.0
3.3
3.2
2.9
2.6
3.2
3.0

le
7.5
9.3

1.1
0.7
2.4

-ol0.3
0.1

4.4
5.3
5.3

o.8
2.O

14.8
19.2
20.1
m.1
19.2
20.0
21.2
2t.4
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The Value of Residue from Iong-period Manuring at
Rothamsted and Woburn

V. The Value to Arable Clops of Residues Accumulated from
Potassium Fertilisers

A. E. JOHNSTON, R. c. WARREN and A. PENNY

These experiments were made on the Exhaustion Latrd at Rothamsted
during 1957-58 and at Woburn on the Permanent Wheat and Barley Sites
during 1960-62. Paper III (page 22) gives the histories ofthe sites and the
experimental details, including amounts of K tested and basal N and P
fertilisers. For the reasons given in the fourth paper (page,lO), the yields of
crops grown on both plots 8 at Woburn are given only in the Appendix
Tables.

fields

Cereals. Appendix Table I shows the yields of barley and spring wheat on
the Exhaustion Land during 1957-58, and of barley at Woburn during
1960-62. New K increased grain yields by 1.4 to 2.5 cwtlacre on the starved
soils but did not aflect yield on the enriched soils (Table l). There were also
small increases in straw yields when new K was given.

TABLE 1

Efect of a nev dressing of 56 lb Kfacre on the yield of barley grovn on
soils t'ith and without K residues at Rothqmsted and Woburn, 195742

Grain, cwt,/acre

Rothamsted
Exhaustion

I-and Wheat Site Barley Site
mean mean m€arl

1957 & l9s8 t9& & t962 1960 & 196l

Wobum

Starved soil
Without new K
With new K
Response to new Kl

Enriched soil
Without new K
With new K
Response to new Kr

26.6
28.4

1.8

28.2
28.4
0.2

26.7
29.2
2-5

23.2
24.6
1.4

26.4 26-626.4 26-1
0 -0.3

1 New K at 55lb Ki'acre applied broadcast to lhe seedH.

Table 2 shows the yields on starved and enriched soils without new K.
Residues slightly increased the yield of barley at Rothamsted and on the
Barley Site at Woburn, but barley on the Wheat Site at Woburn and spring
wheat on the Exhaustion Land yielded slightly less with than without
residues.
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TABLE 2

Efiect of K residues in the soil on the yields of cereals given no new K
at Rothdmsted and lYobum, 195742

Grain, cM/acre

Rothamsted
Exhaustion llod

meall 1957 & 1958

Woburtr

Wheat Site Barley Site
m€an mean

Soil giveo no new K and with:
No residues
K residues
hq€ase due to K rEsidues ir

the soil

26.4
23.8

-2.6

Barley

26.7
26.4

-0.3

Barley

21.2
26-6

3.4

plot 9
Kgiven with K
Ib/acre rEsiducs

0 28.5
14 S€edbcd -156 S€edbed 26.5

PIot 7 Plot 9 Plot 7
ooK with K noK

residues r€sidues residuG
28-9 28.1 X.931.9 27.3 25.6
32.r X'7 26-2

12.5 22-l
34.8 25.4
34-9 26.3

I No yield record€d b€cause of extensive bird damage.

Potato€s. New K fertiliser was applied in diflerent ways on the two sites.
On the Exlaustion Land it was placed in the bottom of the furrows before
the potatoes were set by hand, at Woburn it was either ploughed in or
applied to the flat seedbed before the chitted s€€d was planted by machine.
Appendix Table 2 shows the yields on the Exhaustion Land and at Woburn .

Table 4 shows that on both starved azd enriched soils at Rothamsted and
Woburn potatoes responded to new K at the largest amount tested, a
striking contrast to the lack of response to K by cereals. Potatoes on the
Exhaustion [and responded less to K than to P, but at Wobum the response
to K was much larger than to P. On the starved soil at Rothamsted, the
70

0
14 Plough€d itr
56 Ploughed in

25.6
29.9
27.1

2s.6
27.6
27.0

t9@ &l 21960 & l95l
Barley Spring wheat

26.5
28-2

t.6

The response curves to new K on both starved and enriched soils show
the residues cannot b€ valued in terms of a new dressing of K, because the
responses to new K fertiliser were too small and the yields on starved and
enriched soils were too variable (Fig. l).

Ploughed in and seedbed applications of new K fertiliser were com-
pared in the experiments at W'oburn in 1961-62. Yields (Table 3) show that
the method of applying the new K had little eflect.

TABLE 3

Efect of new K, ploughed in or broadcast on the seedbed, on barley
yields at Wobum, 196142

Crain, cwt/acrc

Wheat Site 1962 Barley Site 196l
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Spring barlel

RESIDUES FROM POTASSIUM FERTILISERS

Exhaur.o. tand, Rorhamn.d 1957-58

Sprint*hot
.vrt tnln

Wh.atSite l960 and 1962

Spnn8 barlel

Blrle, Si.c l9$and l96l

Spring hrle/

New K Sivcn.lb.a<rc

Frc. l. Efrect ofK rBidues and newK on the averagE yield p€r acre of cereal graio,
Rothamsted and wobum, 1957J2.

(With a aod wiahout O K residues.)

TABLE 4

Efiect of a new dressing of ll2lb Kfacre on the yiekl of potdtoes grown on
soils with and without K residues dt Rothamsted and llobun, 195742

Tubers, tons/acre
Rothamsted wobum
Exhauslio.
I-and mean Wheat Site Barley Sir€
1957 & 1958 1960 1960

Starved soil
Without new K
With new K
Respons€ to new Kr

Enriched soil
Without new K
With new K
R€sponse to flew Kl

6.E
12.4
5.6

It.0
14.6
3.6

I1.9
17.0
5.1

14.3
18.2
3.9

16.3 16.4
19.3 18.2
3.0 1.8

1 New K at I I 2 lb K/a.re given along the bottoms of the furows before hand planting
on the Exhaustion [,and. on the flat seedbed before machine planrt* 

", 
*oO*. 

,,

56t:t 28
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yield was only 6.8 tons/acre and giving I 12 lb K increased it by 5.6 tons. A
Woburn, yield on the starved soil was double that at Rothamsted,
ll.9 tons/acre on the Wheat Site, l4-3 tons/acre on the Barley Site, but
the increases in yield from ll2 lb of new K were about the same
Rothamsted, on the Wheat Site 5.1 tons and less on the Barley
3'9 tons.

Table 5 shows the yields on starved and enriched soils without new K.
The residues gave large increases in yield, about thre€-quarters ofthe extra
yield given by the fresh dressing of I 12 lb K to the starved soil.

TABLE 5

Efect of K residues in the soil on the yields of potatoes given no new K
dt Rothdmsted dnd llobum, 195742

Tubers, tons/acre

Rothamsted Wobum

as at
Site,

Wheat Site
1960

Barley Site
t96o

14.3
16.4

2.1

Soil given no new K and with
No residues
K residues
Incaease due to K residues

in the soil

ll.9
16.3

4-4

Exhaustion
Land mean
1957 & 1958

6.8
1I .0

4'2

Fig. 2 gives the response curves to new K on starved and enriched soils.
On both the Exhaustion Land and at Woburn the residues can be valued in
terms ofa new broadcast dressing of K having the same efect on yield. The
residues were worth:

lb new K/acre
Exhaustion l-and, Rothamsted 56
Wheat Site, Wobum 75
Barley Site, Wobum 16

Both on the Wheat Site at Wobum and on the Exhaustion Land, the
response curves did not show a maximum and, with any amount ofnew K
tested, yield on the enriched soil always exceeded that on the starved soil.

When ploughed in and seedbed dressings of fertiliser were compared at
Woburn in 196l-62, lhe amount of new K applied was increased to see
whether this would decrease the difference between the yield on soils with
and without residues. Table 6 shows the yietds with 42 and 168 lb K, but
unfortunately one of the two plots without new K on plot 9 on the Wheat
Site yielded very badly. On the starved soil on both sites, only the largest
amount of new K ploughed in increased yield to equal that on the enriched
soil without new K. However, giving new K to the enriched soils increased
yield still further.

Sugr beet. This crop was grown on the Exlaustion Land in 1957-58, at
Woburn on the Barley Site in 196l and on the Wheat Site in 1962. Table 7
shows the yields ofsugar on the Exhaustion Land nrith new K broadcast on
the seedbed and Table 8 yields at Woburn when seedbed dressings and

72
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Exhau$ion Land 1957-58

BarlclSitc 1960

N.w K tivcn, tb'acr.

Frc.2. Efrect of K residu€s add icw K on the ave.agc yield per acre of potato
tubers, Rothamsted and Wobum, 1957-50.

(Wi(h a and without O K residues.)
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ExhaLrtlron L:id 1957-58

Btrle/5ite l96l

| 
* tt5 8'r l6a 116

I N.w K 8rrn. tb.a(re

Flc.3, Effect of K residu€s and n€w broadcast dressiogs of k on the averagc yield
per acre of sugar at Rothamsted aod Wobum.

(With a aod without O K Esidues.)

8,r t6a

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 76

YALUE OF RESIDUES FROM POTASSIUM FERTILISERS

TABI.E 6

Efect of new K, ploughed in or broodcast on the seedbed, on potdto
yields dt Woburn, 196142

Tubers, tons/ase

Wheat Sire 1962 Barley Site 1 l

K given
lblacre

0
42

168

Plot 7
aoK

residues

10.8
12.4
1t .8

9.1
12.4
l3 .3

0

168

s€edbed
S€edbed

Ploughed in
Ploughed in

Plot 9 Plot 7
with K Do K
residues rEidues
t2.o 8.6
I1.8 10.4
15.0 to.2

t3.o 8.3
12.5 l1.l
t4.6 12.1

Mean
38.8
39.7
47.O
45.2

49.0
46.6
47.9
43.3

0

56
|2

1958

51.8
58.6
63-2
4.2
6.7
4.8
65.2
58.7

Response

0.9
a.2
6.4

-2.4
- 1.1
-5.7

K givetr
lb/ase

To seedH
0

84
168
336

Plough€d in
0

84
168
336

42.0
42- 5
59.7
48.8

4s.5
43-2
50.2
45-3

3l .6
41.9
46.2
50.8

38.0q.9
43-7
52.5

1t.4
35.2
39.6
43.7

29.1
42.0
36.6
43.6

25.5
29.7
39.3
41.8

18.2
34.1
33.1
33.0

Plot 9
with K
residues

13.2
12.8
14.5

8.1
t2-3
t 3.5

TABLE 7

1957

25-9
20.8
30.7
26.3

31.2
30.5
30.6
27.9

TABLE E

Efect of new broadcast dressings of K on the yields of sugdr from beet grown
on soils with and wilhout K residues on the Exhdustion land, Rothdmsted,

t957-s8

Sugar, cwt/acre
Classical

Expcrlnent K givenplot lb/acre
I no K tesidues 0

28
55

l12

7 with K residues

Efect of new K, ploughed in or broddcdst on the seedbed, on sugdr
yields at lloburn, 196142

Sugar, ort/ac{e

wheat Site 1962 Barley Site l96t

Plot 9 Plot 7
with K no K
r€sidues residues

Plot 9 Plor T
with K no K
residu.s rcsidues

75
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ploughed-in new K were tested in amounts up to 336 lb K/acre. On the
Exhaustion knd beet yielded less in 1957 than in 1958, partly because of a
severe attack by virus yellows. On the starved soil in 1957 the position ofthe
microplots within the old Classical Experiment plot had a larger effect on
yield than the new drcssings of K. The microplots dressed with 28 and
I 12 lb/acre of new K, which were on the south side of the plot, gave a
smaller mean yield than the other pair on the north, which had 0 and 56lb
new K. However, in 1958, yields were more consistent because the arange-
ment of the microplots was improved, and on the starved soil new K
increased yield by 12 cwt of sugar/acre. On the enriched soil there was no
response to new K-

Table 7 also shows that, without new K the effect of the residues was to
increase sugar yield by l0 cwt/acre on the Exhaustion Land. At Woburn the
residues increased yield by between 5 and l0 cwt/acre without new K
(Table 8). The yield of sugar was the same on starved and enriched soils
with new K at the largest amount tested. The residues on the Exhaustion
Land could not be valued in terms of a new dressing of K (Fig. 3), but at
Woburn they were worth between 75 and 85 lb of fresh K/acre.

TABI,E 9

Efecl of nen broadcast dressings of K on the yielcls of svedes and kale grorn
on soils v'ith and fithout K residues on the Exhaustion land, Rothamsled,

1957-58

tons/acre

K given
lb/acre

Classical
Experiment

plot

I no K residuqs

7 *ith K .Esidues

I no K residues

7 with K residues

I no K residues

7 with K residues

76

0
t4
2a
56

0
t4
28
56

1957
Swede roots
to.7
ll.9
ll.8
I1.5
t2.4
t2-7
12.9
t2.9

Swede toP6
2-6
2.5
2.2
2.4
2.3
2.2

2-2

Kale
l7-3
16.5
t 9.8
t1- 4
18.0
18.4
18.4
m.9

R€spolrs€

1.9
1.4
1.0

0.4
0.2
o.4

o.2
0.t
0.0

0l
o.2
0.0

-o:
-0.41.7

1958

19.4
2t.9
20-9
20.6
24-9
25-3
24.a
25.0

3.8
4.3
4.4
4.1
4.0
4.4
4.3
4-2

23.1
2t.l
22.6
l9.l
24.2
23.3
23.O
24.6

Mean

15.0
16.9
16.4
16.0
18.6
19.0
18.8
19.0

3.4
3.3
3.2

3.3
3.4
3.2

20.2
18. 8
21.2
18.2
2t.l
20.8
20.7
22.8

-it
1.0

-2.0

0
t4
28
56

0
t4
28
56

0
28
56

tt2
0

2E
56

tt2
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Swedes and kale. These two crops were grown only on the Exhaustion
Land in 1957-58 and Table 9 gives yields ofboth. Swede roots responded to
new K only on the starved soil, and maximum response (2 tons/acre) was to
the smallest amount (14 lb/acre) of new K. However, the soil with residues
yielded consistently more than the soil without, by about 3 tons/acre. The
residues could not be valued in terms ofa fresh dressing because the yield on
starved soil with new K was less than on enriched soil without new K. The
yields ofswede tops were not increased by residues in the soil or by fresh K.
Kale did not respond to new K on the starved soil, but on the enriched
soil, the largest amount of K tested gave an extra 1.7 tons. The average
yield rvas 2 tons/acre more with residues.

Discussion of the potassium t€sts

On the starved soils on the Exhaustion Land cereals without new K gave
the same yield in both seasons. However, potatoes, sugar beet, kale and
swedes all yielded more in I958 than in 1957. 1958 was wetter, but less virus
yellows in the sugar beet and less mildew on the swedes contributed to
better yields in 1958.

Table l0 summarises the responses of the crops to the largest amount of
new K applied as a seedbed dressing. At both Rothamsted and Woburn
new K increased yield of barley on starved soil by I to 2 cwt grain but had
no effect on enriched soil. Spring wheat on the Exhaustion Land did not
respond to new K, on either the starved or enriched soil. In all years, and at
both Rothamsted and Woburn, new K greatly increased potato yields on
both starved and enriched soils. Sugar beet yields were usually increased by
new K on starved and enriched soils, but not on the enriched soil of the
Exhaustion Land, where the yield with new K was less than might have been
expected. Swedes at Rothamsted gave small increases in yield with new K
especially on starved soils, but yields of kale did not always increase with
new K.

Wheu the fertiliser K residues are valued by the differenca in yield on
soils with and without residues but with adequate N and P, they have con-
siderable value at both Rothamsted and Woburn, except lrrhaps for
cereals. Table I I summarises the increases in yield from the presence of
residues in the enriched soil.

The large crops currently being grown on many well fenilised soils take
up much K, and it is not known whether K is accumulating in soils as is P.
The section on K uptake shows that much K goes into the straw ofcereals
and the tops of sugar beet and how much K is removed from the soil
depends on what happens to these parts ofthe crop. The accumulation of K
is also related to the release of native soil K by weathering and the equili-
brium between readily soluble and 'fixed' K. The rates of weathering and
fixation ol K differ considerably in different soils. Rec€nt work at both
Rothamsted and Woburn shows that change in the amount of K soluble in
ll{-ammonium ac€tate is a good indication of the depletion or ac.umula-
tion of readily soluble soil K during a cropping cycle. Current work is
examining the release of K from res€rves of 'fixed' K accumulated from
fertiliser dressings.

77

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 79

llilt

ll lt

ll Ir

ll lI

| |lt

r.l€ !f F..r
I I I €6- i6.l I

FF 6NH

I I | <'6- h-\o I

660 06@
lll\00\6.16\0l

I I I -Fh -oa\ I

ROTHAMSTED REPORT FOR 1969, PART 2

99
adE

3i6:o\

a
g9
A€
8ts

vg ---
i.E EF?

lE +vs
,ERx-

Ii """5E RE'

v9 ---i! x*r

.tor.E
ve.
3€
z

uB

;p

xg
z8

.zo
ve.
z2
z

q:
:dE

!c
,5E

Y

.s
i
s
B

ic#-e
E/o

l

Sr!rt!

NS.9:els
rrl S*
X ES
t< oB

,al B!l.t%:

s<
.=!E" B

\t
ri6vc
!o
I
d
\
Hri*

\'

6a'

ooo
C rrr C C r

o\o\o oNa{ o\o\o

E

z

1*1 ??? 999 ?9r 9?' i"f
ald ..rN tst , :i al a]

91" at| ?f9 
"$Y 

99? 1S9\ocF \oho \o^lr| @Yr\o 5\o: Qoa.tNNI - 6t i- .rF 
I

oooooo
EEEIIE<
EEEEEE

o\o\o o\o\o oalal oarar o\o\o o a.t a.,t

a .Ea c- o:: t; 3! -t ''
fl* ,,Hg g€ ,a*

2

nitB gE
,i*

78

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 80

VALUE OF RESIDUES FROM POTASSIUM FERTILISERS

TABLE 11

Efect of old residues offe iliser K dressings at Rothamsted and Woburn,
t9s742

yields/acr€

Crop
Barley

grain, cwt

Spring wheat
gain, cwt

Potatoes
tubers, tons

Sugar beet
sugar, cwt

Swedes
roots, tons

Kal€
tons

Increase

site Yea.s J,:JL X',H,5 
tJ:,iis

Exhaustion I-and 1957 & t958 26,6 2t.2 1,6
Wheat Site, Wobum 19fi & t 2 26.1 26.4 -0.3Barfey Site, Wobum 1960 & t95l 23.2 26-6 3.4
Exhaustion Land 1957 & 1958 26.4 23-B -2.6
Exhaustion land 1957 & 1958 6.8 ll.0 4,2
Wheat Site, Woburn 19fi & 1962 lt.4 14.8 3.4
Barley site' wobum 1960 & 196l tt.4 t4-4 3.0
Exhaustior Iand 1957 & 1958 38.8 49.O tO.2
Whe.t Site, Woburn 1962 34.8 43.8 9.0
Barley Site, Wobum 1961 21.8 3O-2 8.4
Exhaustion l-and 1957 & t958 15.0 18.6 3.6

Exhaustion Land 1957 & 1958 m.2 2l-l 0.9

Potrssium concentration in the cmps

Tables 12, l3 and l4 give the percentages of potassium in the dry matter of
the crops.

Cere3ls. Johnston (1969) showed that the mineral composition of the
grain and straw of winter wheat grown rec€ntly on Broadbalk confrmed
Lawes and Gilbert's view that fully ripened grain has a consistent mineral
composition whereas the composition of the straw varies considerably.
Table 12 shows that the concentration of K in the grain grown on the
starved soils on the Exhaustion Land and on the Barley Site at Woburn was
0.50%, slightly less than in the barley on the Hoosfield Continuous Barley
plots. Barley on the Wheat Site at Woburn contained much less K (0.rl0l)
for unknown reasons. K residues in the soil increased the conccntration of
K in the grain, but less on the Wheat Site than on the other two sites. On the
enriched Exhaustion Land soil, the %K in the grain almost equalled
that in the grain from the Hoosfield Continuous Barley Exp€riment. Dress-
ings of fresh K did not increase the "l K in grain from either the starved
or enriched soils. The K concentration in the straw from the Exhaustion
LaIl,d (l.16l in the enriched soil without new K) was nearly equal to
that in the straw from the Hoosneld Continuous Barley Experiment, but
the straw at Woburn contained only about half as much. Both the residual
K in the soil and new dressings increased the % K in the straw by about
the same amount, 0.1 to 0.3 f.
Potrto€s. Table 13 shows that the % K in dry matter of potato tubers
from the Exhaustion Land was affected much more by new K than by
K residues in the soil. However, the effect of the residues was not Iessened
by new K. At Woburn, in 1960, with larger concentrations of K in the
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dry matter, the residues increased the f K more than at Rothamsted.
Also at Woburn, I 12 lb/acre of new K increased the % K more than the
same dressing did at Rothamsted. This was true even though at Woburn
the dressing was applied on the flat seedbed whereas at Rothamsted it
was applied in the furrows. This again suggests that potato roots grow
more easily and further in Woburn soil than in Rothamsted soil. This
suggestion was supported when, in I96l-62, more K was tested at Woburn
and seedbed dressings and ploughed-in new K increased the % K in dry
matter similarly.

Sugar beet, swedes and kale. On the soil without residues or new K,
swede tops and roots, sugar beet tops, and kale, all had nearly the same K
conc€ntration in the dry matter, but the sugar beet roots had much less
(Table l4). K residues in the soil increased the I K in swede tops and roots

TABLE 14

Efect of K residues and new K onthe percentdge ofK in sugarbeet, swedes antl
kale grox,n on the Erhdustion Lnnd, Rotlunuted, 1957-58

Swedes Sugar b.et

No residues
K resid[es
Efect of .esidues

Efect of new K in the
Absenc€ of residues
Presence of residues

0.51 0.3r 0.59 o.lt0.08 0.19 0.1r 0.r 3

0.61 1.78
0.17 2.41
0.14 0.63

2-30 0.74 2-313.6 0.90 2.s4
t.36 0.16 0-23

0.53
0.r3

Tops Roots Kale

1.68 r.90 t.1t2.s4 2.36 3.550.86 0.46 1.84

New Kr give[ to soil with
No r€sidu€s 2,19 2.21
K residues 2.62 2.55
Effect of residues 0.43 O'34

Tops Roots
No new K aiver to soil with

I 56 lb K to swedes, I 12 lb K to sugar beet and kale.

and in kale by much the same amounts, but much less than in sugar-beet
tops; holyever residues had little effect on the % K in sugar beet roots.
New K iDcreased the ii K of all crops on starved soil much more than in
the presence of residues.

Potassium conte of the crolls

Tables 15, 16, l7 and l8 giye the uptakes ol potassium by the harvested
parts of the crops.

Cereals. Barley at Woburn and spring wheat at Rothamsted took up little
more than 30 lb/acre K but the maximum uptake by barley at Rothamsted
was twice as much (fable l5). More K was taken up from enriched than
from starved soils and much of this extra K was in the straw. More K was
taken up from newly applied K without than with residues, except for
barley at Rothamsted, the uptake neyer exceeded l0l of the 56 lb/acre K
newly applied.
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Potato€s. Uptake of K by potatoes on both sites Clable 16) varied very
considerably, fron 34 to 173 lb K/acre. Without new K, potato tubers from
the starved soil on the Exhaustion Land contained about as much K as did
the barley (grain plus straw), but tubers from the enriched soil contained
more K than barley. At Woburn without new K, the potatoes took up more
K than from the Exhaustion Land. The amount was about twice thai taken
up by the barley. Very much more K was taken up from the residues by
potatoes than by barley. About 50/ ofthe I 12lblacre K tested on the
Exhaustion Land and at Woburn in 1960 was taken up by potatoes.
Increasing the dressings of new K to 168 lb K/acre at Woburn i; 196l-42
did not increase K uptake from the Fertiliser, so the apparent recoyery ofthe
added K by potatoes was only about 30lin 196l-62.

Sugar beet, swedes and kale. Without new K, sugar beet on the Exlaustion
Land and at Wobum took up much the same amount ofK (Table l7). By
contrast potatoes took up less K on the Exhaustion Land than at 'Wobum,

suggesting that they make less use of nutrients in Rothamsted soil than do
sugar beet. From the starved soil without new K on the Exhaustion Land,
sugar beet took up more than l00lb K/acre and much more (l80lb) from
the richer soil. Of the new K applied to the starved soil, the sugar beet took
up 30 lb K (25 f) but apparently none was taken up from the enriched soil.
At Woburn the whole crop took up a maximum of 270 lb K. possibly
because the amount of new K tested was much more than at Rothamsted,
more was taken up from the starved soil with new K than from the enriched
soil without new K. However, maximum uptake was always with new K
and residues. Apparent recoveries of added K were 30)( from starved soils
and l5il from enriched soils.

Swedes and kale on Exlaustion Land both resembled sugar beet, and
took up much more K from the residues than from starved soil with fresh K
fertiliser (Table l8). Without new K, kale extracted l3lb more K from the

TABLE T8

Efect of K residues and nex' K on the dmount of K in swetles and kale
grovn on the Exhaustion l-and, Rothamsted, 1957-58

lb Klaqelyfat

Swedes

Tops
No new K added to soil wirh

No residues 16
K residu€s 22
Effect of K residues 6

New Kl added to soil with
No rcsidues 20
K residu€s 24
Efect ofK rcsidues 4

Effect of new K in the
Abs€trc€ ofrcsidues 4
Presence of residues 2

I 56 lb K to swedes; ll2lb K to kale.

Kale

t2l
t7t
50

t45
t97
52

u
26

19
,m
4t

96
127
3l

17
7

Roots

63
98
35

76
t0l
27

I3
5

Total
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starved soil than did sugar beet and swedes 29 lb less. However, sugar beet
extracted more K from the residues than did either kale or swedes. Ap-
parent recovery of new K by swedes was altered by the residues; without
them, 30% was taken up, with them, l2/o. However, kale apparently
recovered 201 of the new K from soils with and without residues.

Summary of tte eflects of ( residues and new ttr€ssitrgs of X fertiliser
on K uptake

On the Exhaustion Land without new K, total uptake on the starved soil
ranged from 25lb by spring wheat to l2l lb/acre by kale, and on the
enriched soil from 29 lb by spring wheat to 182 lb/acre by sugar beet. Thus,
the recoveries from the residues ranged widely, from 4 lb by spring wheat to
74lb by sugar beet, At Woburn there was a similar wide range ofuptakes,
I 8 lb K by barley to I 32 lb/acre K by sugar beet from the starved soil, and 2 I lb
K by barley to 203lblacre K by sugar beet from the enriched soit. In one
comparison, barley obtained no extra K from the residues but sugar beet
took up 89 lb K/acre. A large proportion ofthis extra K went into the staw
ofc€reals, thetops ofsugar beet and the roots ofswedes. Except for potatoes
and kale, the uptake from the residues was always decreased by new K
fertiliser. Apparent recoyery of new K was always less with than without
residues, except for potatoes and kale. Apparent recoveries of the newly
applied K ranged considerably, but the amounts of K tested were not the
same in all experiments.

Summary

All crops tested gaye larger yields on soils enriched with many past dress-
ings of K fertilisers than on starved soils, when new K was not given but N
and P fertilisers were.

Potatoes consistently responded well to new K on both starved and
enriched soils, much more than the other crops.

All crops from soils enriched with residues contained more K than crops
from starved soils. Thus, as for P, residues provide the growing plant with
K throughout the cultivated soil. Except for potatoes, the concentration of
K in each crop was increased more by residues than by the new dressings of
fertiliser K. Much of the extra K taken up by cereals and sugar beet went
into the straw and tops respectively.
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APPB{DIX TABIJ 2

Yields of polatoes growh on lhe Exhauslion Land at Rothamsted and on
the Wheat and Barley Sites at Woburn, 195742

New K
drEssitrg

to s€edH
lb/acl!

0
28
55

1t2
0

28
56

tt2

ROTHAMSTED REPORT FOR 1969, PART 2

Tubers, tons/acre

Classical Experiment
plot

I no K residues

7 with K residues

Exhaustion t and,
Rothamsted

Wobum
Wheat Site Barley Site

Mea, RespoDs€

6.8
8.8 2.0
ll.8 5.0
l2-4 5.6
ll.0
t2-6 1.6
t4.4 3.4
t4.6 3.5

Mean Rcspotrse

13.t
15.6 2.5
17.6 4.5
t6.o
t6.0 0.0
17.5 l .5

t6.4
16'8 0.4
18.8 2.4

1951

4.7
7.9

1r .5
r0.9
10.0
ll.4
14.O
l4.t

1960

ll.9
14.2
17.0
15.2
14.9
16.2
16.3
17.7
19.3

1958

8.8
9.7

t2.l
13.9
t2-l
13.8
14.9
t5-2

r960
r4.3
17.0
18.2
16.9
17.2
18.8

16.4
r6.0
t8.2

7 no K rcsidues

8 with K residues

9 with K residues

0
28

tl2
o

28
tt2

0
28

lt2
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The Residual Value of Farmyard Manure and Superphosphate
in the Salonondham Rotation tr Experiment, 1899-1968

G. E. G. MATTINGLY, A. E. JOHNSTON aod MARGARET CHATER

Inhoductiotr

The Rotation II experiment on Harwood's field at Saxmundham started
in autumn, 1899, in the same year and tested the same 4-course rotation
(wheat, roots, barley and a legume), as Rotation I. It was designed by
Sir William Somerville, the first Drapers Professor of Agriculture at
Cambridge, to determine how Iimited amounts of farmyard manure
(FYM), nitrogen (as sodium nitrate) and phosphorus (as superphosphate)
could best be distributed throughout the rotation. There were four blocks,
one for each crop, and ten manurial treatments in each block. The history,
including changes in manuring and results from the experiment were
described by Oldershaw (1941) and Boyd and Trist (1966).

By 1952, although the cropping and manuring were no longer relevant
to East Anglian farming, it was decided to keep seven of the original
treatments on two of the four blocks for a funher three rotations. The
arrangement of these I4 plots, in relation to Rotation I, is shown schematic-
ally by Trist and Boyd (1966). They were manured and cropped, continu-
ing the original rotation on the blocks known as Victors andNeals, until 196+.

In 1965 a new experiment was started on these plots to assess the value
of soil P analysis on this soil. The adjacent two plots of treatment 8 of the
original experiment, to which no P was added between 1952 and 1964,
were included in the new experiment.

The sequencr of cropping during the 4 years was barley, potatoes,
turnips or sugar beet and barley. In 1969, the main plots of the experiment
were divided into microplots to test, between 1969 and 1972, the value of
the 'old' (1899-1964) and 'new' (196fu8) phosphate residues for three
crops, potatoes, sugar beet and barley grown each year.

In this paper we describe:

l. the analysis of the soils, at the end of the original (t899-19fl)
manuring,

2. the changes in soil analysis between 1964 and 1968 and
3. the crop yields and nutrients removed between 1965 and 1968.

Methods of analysis

Soils were sampled 0-8 in. deep during autumn 1964 and 0-10 in. during
autumn 1966 and 1968. These depths represented the plough layer,
which was deepened in winter 1964/65 to improve the drainage and water-
holding capacity of the surface soil.

9l
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The methods of analysis used were those described for soils from
Rotation I (Cooke, Mattingly & Williams, 1958), except that:

1 . CaCOs was measured by the method of Ti nsley, Taylor and M oore
(195 r).

2. Total P was determined after fusion with Na2COs (Mattingly,
1970).

3. Exchatgeable-K was measured by successively extructing 6 25 g of
soil with lf-ammonium acetate (250 ml).

4. Labile P (Pe) was measured by isotopic exchange in 002M KCI
(Arambarri & Talibudeen, 1959) using a soil : solution ratio of I : 200
and a period of 150 hours for exchange.

Treatments, 1899-19C1

Table I lists the treatments and mean yields of all crops, which were given
previously by Boyd and Trist (1966). Although different crops in the rota-
tion were dressed with FYM (10 tons/acre), sodium nitrate (25 lb N/acre)
and superphosphate (73'5 lb P/acre), treatments 3 to 7 received the same

total amounts of FYM, N and P in each +course rotation; treatment 8

recrived twice the amount of superphosphate (until 1952), treatment 2

received only FYM and treatment I was always unmanured'
Boyd and Trist stated in 1964:

'Perhaps the most important lesson to be learnt from the results of Rota-
tion II came from the evidence it provided of the value of FYM and P
fertiliser in raising yields of all crops in the rotation, not only those to
which they were applied. Thus a single dressing of l0 tons FYM applied to
wheat (treatment 2) not only increased the wheat yield by about a third
compared with the unmanured plots (treatment l) but also doubled the
yield of mangolds, increased barley yield by almost a quarter and the
yield of beans and clover, three crops later, by about a third. Thc applica-
tion of P in addition to FYM gave further large increases in yield for all
crops of the rotation whether or not the P fertiliser was applied directly to
them. Indeed it is obvious from a study of the yields of treatments 3 to 7

that profitability of the rotation as a whole was only slightly influenced by
the particular crop of the rotation to which the P was applied.'

The small diflerences between yields of treatments 3 to 7 are important
to the subsequent use ofthe site which, in 1964, consisted of large areas of
two blocks (Victors and Neals) that had received the same manuring for
65 years and from which almost the same quantities of crops had been

removed.
The exact amounts of P applied to this soil are not known as neither

the FYM nor superphosphate were analysed. Table 2 giYes the total
weights of FYM and superphosphate applied between 1899 and 1964 and
estimates of the total P and K applied. These estimates are based on the
following assumptions :
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l. that superphosphate contained 8'75%P, which very much over-
estimates the amounts applied in the early years of the experiment;

2. that FYM contained,l4 lb P/10 tons, a value used previously for
Rotation I (Cooke, Mattingly & Williams, 1958), which agrees well
with analyses of the FYM applied in 1965 and 1966 (fable 6).

TABLE 2

Total dmounts of FYM and superphosphate, dnd esrimates of total P and K
applied to Rotation II, 1899-1%4

I
2
3

5
6
7
E

Maouring D.r anc
lE9-1964

l0 roff FYM FYM
FYMiP
FYM+P
FYM+P
FYM+P
FYM+P
FYM + 2P

Sup.r

Non. 705lo50 1755
lo50 t755
to50 17551050 1?5i
1050 1755
t665 22{o

l

'7{ 
c*r $p.rph6Dhar.

l(P) (5 c*1 b.forc l92ll
- Manutur noDD.d in

1952; util thft l0 tonr
FYM plu! I5 c*r supcr-
oho.Dhac (2P) (10 c*r
bcforc l92l)

E:sti-

appliGd

Estirnat.d PTo1al appli.d

FYM

t6@
r500
l6@
!600
r6@
1500
l3@

(od) (c$t) FYM
Nonc Nonc Nooc
,@ Noo. 705
,50 tvt.s 705
t@ 107 5 ?05
160 rur.5 ?05160 t(yt.s 705
l@ 107.5 705
tm 170 515

Soil analysis, l96f

Table 3 gives analyses of the soils taken from the experiment in 1964, as

means of the two blocks. Analyses from the two blocks were similar except
for values of NaHCOs-soluble P, labile P and *pCa * pHzPOa, some of
which are given for the separate blocks (Iable 4) and are discussed further
below.

All plots contain free CaCOs (0'3 to 0'6 7J and pH values (in 0'Ol M CaCl2),
greatest on treatment l, range only from 7'05 to 7'36. Farmyard manure
alone (treatment 2) inmeased %C, %N, total P, all values of soluble P
and exchangeable K and decreased lpCa * pHzPOr. Where superphos-
phate was given oncein therotation, in addition to FYM (treatments 3 to 7),
or twic€ until 1952 (treatment 8), the %C was slighdy (0'10%) larger, the
mean lN was the same and total soil P about 180 ppm more than with
only FYM. The NaHcO3-soluble P and labile P values for treatments
3 to 8 (averaging both blocks) range from 38 to 44 and 108 to 120 ppm P
respectively and are approximately three times larger than on the FYM
only plot (treatment 2). The monocalcium phosphate potentials ranged
from 6.90 to 6.98 and are about 0'8 units less than on treatment 2.

The mean analyses of the two blocks (fable 3) conceal the differences
between soluble and labile P analyses because of the year when the last
dressings of superphosphate were applied. Table 4 shows values of
NaHCOs-soluble P, labile P, P concentrations in 0'01 MCaClz and

*pCa -F pHzPOn in 1964, for single plos given superphosphate in either
autumn 1963 or autumn 1960. There was more soluble and labile P in
soils given superphosphate one year before sampling than in soils given
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TABIT 4

Soil analysis in relation to lhe dpplicdtion of FYM and superphosphale

P
Labile corcen-

NaHCOT- P tration +pca
P (ppm) (ppm) (pMPI.) * pH:POr

l0 41 0.s 7.81
t2 I 0.5 7.77

Super-
phosphat€

last
applied
None
None

1963
l960

l%3
1960

FYM
Treat- last

Block ment applied
Victors 2 1962
Neals 2 l 3

victors
Neals

Victors
Neals

112
86

52
28

54
35

3 t962
3 196l

1 1962
7 1961

phosphate four years before. Values of NaHcos-soluble P ranged from
about 50 ppm, in the year when P was applied, to about 30 ppm three years

later. The yields of cereals and mangolds, however, increased only slightly
when P was given (Table l), probably because small crops were grown
with the little N (26 lb/acre in addition to FYM) applied in the old rotation.

Unlike Rotation I, which tested K, potassium fertilisers were not given

in Rotation II but some K was applied in the FYM given to treatments
2 to 8. If the FYM applied b€tween 1899 and 19& contained the same

amount of K 0m lb K/t0 tons FYM) as that applied in 1965 and 1966,

then only 25 lb K was given on average each year. Most of this small
amount of K was probably removed by the crops because increases in
exchangeable K in the soils shown in Table 2 were small. Cooke and
Williams (1966) showed by crop analysis that in Rotation I in 1964 and
1965 nearly all the K (501b K/acre) applied annually as potassium chloride
was removed in the crops when N and P were also given.

Comparison of soil analyses of Rotation I (1957) and
Rotation tr (1964)

Total C, N and P. All plots of Rotation I were sampled (0-8 in.) and
analysed in March, 1957 (Cooke, Mattingly & Witliams, 1958), when the
experiment was still ploughed to the same depth as Rotation II. Table 5

TABLE 5

Comparison ol soil analyses (0-8 in.) on Rotation Iz (in 1957) and Roldtion II
(in 1964)

riotr m6! Trt tm.ot/ac/,| ycalt

I l2,ltoBFYM
10 Sodilm nitan..8 cet

3uD.rDh6phfl., 8 cwt
potalium chloddc,

I Noae
2lOtoBFYM
3-7 lO loD! FYM Plu!

7l ca,t tuodDho.plutq
lodiuo nitratc, l* c*t

6.3 6.69
2.0 7.13

136 6.4 6.75
t05 2.7 7.M

Toral P NaHCOT Irbilr P lC!(ppE) P (ppm) (ppn) +pHrPOr
,{60t 2 2A 8.50Tiob 3t 145 6-a600r' t9 y2 7.@

%c "tN
0.94 0.135
l-55 0-199
I Ol o.la.t

0.82 0.127 134 6
1.08 0 t50 505 12
l.lE 0.162 547 4l

20 8.36
14 779
u3 6.92

. sod malyr.. of Rorcrioo I e from Cook.. Msrti.elv 5nd willi.a (1958).
b Mc.lurcd'by HOO. disEnio! (PD) !!d olculat.d fd futioo an.lr'lln G, u.iD8 tb. followiDe r.lrliod

Pr - 3E.E + l. @21 PD (Maninrry, 1970).
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compar,es some analyses of soils taken from the two experiments in 1957
and I 964 respoctively . The lC, lN and total p contents of the unmanured
soils from both experiments were very similar. The inueases in %C, %N
a.nd rotal P contents (L%C, A %N, A&) of soils given nyM in boih rota-
tions (Rotation I, treatrnent l; Rotation ll, treatment 2) were:

Rotation I
Rotation II

Ratio I/II

A%c a%N a&(ppm)
+0'61 +0'064 +2n
+0.26 +0.033 +71
2.3 1.9 4.1

_^ Tlte lalro of the increases in lC and fN are very close to the ratio
(2.2.) ot the totat amounts of FyM applied to the two rotations, which
suggests that, /or ,F e same rotdtion, the accumulation of organic matter isproportional to the amounts applied and is the same atiaxmundham
wllether FYM is given each year (Rotation I) or every 4 years (Rotation
rr).

In contrast to the good agreement between the accumulation of C and N
and the amounts of FYM added in both rotations, proportiona y;ore p
remained in the-soil from the larger amounts ofFiM give, to [ot tion t.'l he amounts of P applied in FyM to Rotations I and II can be estimated
assuming that a ton of FyM contained 4.4 lb p. The total amounts of p
removed by crops in each experiment were estimated from the difference
between the total applied and the increase in total soil p in the plough
Iayer..U. sing a bulk density of 1.6 g/cm3 (Williams, f SOOI, the totat 'weig[t
of soil in an 8 in. plough layer is ,.8 x 106 lb.

On the basis of the above assumptions, the amounts of p applied to
and recovered from both rotations were:

Trcatmedt/acre/rotatiorl

Total
P applied
(lb/acre)

Total
P recovered

lblarxa 7.
7lo 46

505 72

t045 @

RolatioD I FYM24Iolls 1530
(1899-1957)

Rotatioa ll FyM lO rons 705
(r 899-1964)

RotatioD II IFYM l0 toos t].s'
(1899-1964) lsuperphosphate 7* cwt

Despite the small amounts of N given in both rotations, betwfIJa 461
and 721of rhe toral, p applied hai been recoverea by ciopping.-Much
ress r would presumably remain in these soils had more N been used and
larger crops grown.

SoJo.{egaUlilr. Figs. l, 2 and 3 show the changes in labile p, NaHCOa_
solu-ble P and |pCa * pHepon in the soils of 6th rotations'lo iitutioo
to the net increase in total soil p (Apr) b€tween f 8eltfSi(iotaUon f;or 1899-1964 (Rotation fI). Values for the two rotations aeree welt.ioit p
rncreased most (+290 ppm p) on FyM plos of Rotation I, which also
contained the most labile p and main-tained me smaUesi v-alires of
trpCa * pHzPOa. The NaHCOs.soluble p (33 pp.; 

-*". 
1"., o"o- tU.."
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plots than the medn vllue (41 ppm) for Rotation fI (treatments 3 to 7),
given in Table 3, which was derived from analyses of all 10 plots given
73.5 lb Placre as superphosphate during the three years before the soils
were sampled. The NaHCOa-soluble P in the 4 Plots, last given P in 1960

or 196l (31 ppm), probably more nearly represents an equilibrium value
for this treatment and is used in the calculations below and in Fig. 2'

r@ 2@ 100 ro0 1@ l& too 16 l0o

Itr.ruar,n (oor$i P( t). ppn

Frcs. l. 2 and 3. RelatioNhips betwe€n labile P (Fig. l), 0'5M NaHcG-soluble P
(I:ic. 2) dd +DCa + pHaPOr (Fig. 3) and indeases in total soil P (APt) for soils from
Roiati6n t (1899-1954 aDd Rotation II (1899-1964).

Rotation Symbol

I RI(FYM)
R(o)
RIO?K)

Rll(O) Unmanured
RII(FVM) FYM, l0 lons/acre, oBce in

4 vears
RIIGYM + P) FYM, lo tons/aqt, plus super-

phosphate, 7! cut/acre, once
in 4 years

RIIGYM + 2P) FYM, l0 tons/acie, plus super.
DhosPhate, 15 cwt/acre, ooce
in 4 years until 1952

Manuring
FYM, 6 tons/acre aDnually
Unmanured
NK plus superphosphate,

2 cwt/acre, anDually

Tr€atEent
I
6

10

I
2

3-7
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Fitted regression lines give the following changes in ]pCa f pH2pOa,
NaHCOrsoluble P and labile P for every I ppm (about 2.8 lb p/acre)
that ac.umulates in the soil from residues of FyM or superphosphate.

(a)
(b)
(c)

A@pCa f pHzPOr)/APt :-57+5.3x lO-a
ANaHCOs-soluble P/API : +0.t1 + O.m7
aPe/APt : +0.37 + 0.038

. lhese qylqements provide an dpproxinate guide to the changes in
ln$ * lHzPOa, NaHcOs-soluble F ind labile F in Saxmundham-soils,
and probably also in similar Chalky Boulder-Clay soils, as p residues
accumulate in !hem. The proportion of the total afptea f that remains
isotopically labile (az ,10 f) is about the same (30-{O f) as in Rothamsted
soils (Mattingly & Talibudeen, 196l). NaHCOa-soiuLle p increased in
about 60 years by about one-tenth of the total p remaining in the soil.

Yiekls and nutrient upt Lcq 1965_6g

After the deeper ploughing in autuml, 1964, new dressings ofFyM and/or
superphosphate were given from 1965 to 1967 to produce .new' p residues
to compare with the 'old' P residues on treatments 2, 3 and g. Treatments
4 aod 5- were given,l() tons FYM/acre between 1965 and 1966; treatments
5 and 6 were given a total of 220 tb p/acre, and treatment 7 a total of
,140 lb P/acre as triple superphosphate et% p) betwe€n 1965 and 1967.
P was not given in 1968, to ensure mixirig and equilibration of the new p
throughout thellouqh layer. Table 6 givis the atnounts of FyM, super-
phosphate and P added between 1965 and 1968.

.Thr_plgtr of the old experiment 0899-1964) were 132 ft long and 18 ft
wide. Each plot was divided at harvest in l96j into two halvesleach 66 ft
long and 18 ft wide. Between 1965 and 1968 yields were taken from each
half-plot, making four replications for each tr;atment. Barlev was drilled
along the plots and rows ofpotatoes (at 28 in. spacing) and sugar beet and
turlips (in split plors at 18 in. spacing) were plintedicross thi plots. The
varieties grown and basal manuring were:

Year Crop
1965 Barlev
1966 Potatircs

1967 /lucal beet
I I UmrDS1968 Barley

Tables 7 to 11 give the crop yields and nutrients removed. Barley (grain
and straw), potato tubers and sugar b€et roots were all removed fiom the
plots. Sugar b€et tops and turnips (tops and roots) were all ploughed in
on the plots where they grew.

Ber.ley,1965. Grain yields (Iable 7) ranged from 16 to 34 cwt/acre. The
residues of FYM given once every 4 yean from l g99_1964 dou6led yields
(treatment 2) aDd the residues of ilM + p (treatments 3 ard 4) gave
slghtly better yields (34.4 cvt/acre). Fresh superphosphate giveD i; t965
(treatments 5, 6 and 7) gave no extra yield.

l0l

lblacae

variety N K
hoctor 90 93
Peotland Dell 135 186
Kk{D E t35 lllGr€ca 135 lll7.slphyt 84 45
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Potato€s, 1966. Potatoes, which were planted in an exc€llent seedH and
grew well tbroughout the season, gave yields ranging from about 7.5 to
more than 20 tons tubers/acre (Table 8). Yields were doubled by residues
offarmyard manure (treatment 2) and increased by a further 1.7 to 2.3 tons/
acre where FYM + P was given before 1964 (treatments 3 and 8). In
contrast to barley, potatoes gave bigger yields with new P in 1966 in the
presence ofresidues. Compared to FYM + P residues (treatment 3), which
gave 16.8 tons/acre, 73.5 and 147 Ib P/acre as fresh superphosphate (treat-
ments 6 and 7) both produced a further increase of about 2 tons/acre,
whereas the largest yields, about 20'4 tons/acre, were on plots given 20 tons
FYM/acre the previous autumn, either without (treatment 4) or with
(treatment 5) fresh superphosphate.

The following table compares yields and uptakes of N, p and K with
and without FYM.

With FYM

Total P
applied 1966
(b P/acre)

14 t
15 184

Meau 147

Uptake
0b/afie)

Yield
(tons/ac!e) N P K

m-47 129 24.3 2t4
2n.u 136 24.8 2t1
m.& 132 24.6 2r2

114 21.7 rqt
ll8 23.6 189

|6 22.6 185

wiurour rru {f 73.5 18.23
t41 18.60

Mean ll0 18.42

Potato tops remained greener throughout the season on plots given FyM
and this better grolth, which may have increased yield, was associated
with larger uptakes of N, P and K.

Turnips and sugar beet, 1967. Early groMh of both crops was good, but
during the dry weather later the turnips flowered before lifting and were
dry and poor quality when harvested in July. Yields of turnip roots
(Table 9) increased from 2'2 tons/acre (treatment l) to 7 tons/acre on plots
with old residues (treatments 3 and 8). Adding fresh P, either as FyM or
superphosphate (treatments 4, 5, 6 and 7), gave only I ton/acre more roots.
As the potatoes, turnips removed more N, P and K (fable 9) from plots
given fresh FYM than from those given fresh superphosphate but, in con-
trast to potatoes in 1966, or sugar beet in 1967, yields were not larger.

Sugar-beet yields (Table l0) ranged from 8.3 to 19'6 tons of roots/acre
and sugar yields from 26 to 67 cwtlacre. 'Old' residues of FyM (treatment
2) and of FYM * superphosphate (treatment 3) increased sugar yields
by 2l and 33 cM/acre respectively. Compared to treatment 3 (59 cwt/
acre), fresh superphosphate (treatments 6 and 7) increased yields by a
further 4 to 5 cM/acre, and fresh FYM, alone or with superphosphate
(treatments 4 and 5), gave a further 3 cwt sugar/acre. The larger yields of
tops and roots v,/ith fresh FYM contained more N and K and slightly more
P and Mg.

Barley, 1968. The yield without P (treatment l) in 1968,24cwt/acre (fable
ll) was 8 cwt/acre more than in 1965 (Iable 7). The crop, especially on
treatments 4 to 8, lodged and yields with 'old' and 'new' P residues were
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2 to 3 cwt smaller in 1968 than in 1965. Straw yields in 1968 were doubled
by 'old' residues of FYM and superphosphate (treatment 3), but were not
increased further by 'new' residues (treatments 4 to 7).

Soil analyses, 1!X6 and 1968

ChrDges in totst P and exchangeable K. Tables I 2 and I 3 give analyses of
soils from all treatments sampled before ploughing in 1966 and 1968. It is
impossible to compare them quantitatively with those from 1964 (table 2)

without allowing ior the increase in the depth of ploughing (from about
8 to about l0 in.) between 1964 and 1966. Table 14 shows that deeper

ploughing diluted the mean conc€ntration of soil C, N and P on treatments

l, Z,l a"O A (to which no P was added between 1965 and 1968) by a factor
oi 0.45 to 0'89. In contrast, ploughing increased % CaCOsin the surface

soil because the soil below 8 in' is calcareous. There was no further signifi-
cant change between 1966 and 1968.

TABLE T4

Mean )(C, %N, totdl P @pn) and %CaCOz in soils from teatmmts I,
2,3. and 8 in 1964, 1966 and 1968

t96/. 1966

1.06 0.94
0.154 0. 138

571 489
o.44 0.47

Between 1965 and 1968 the amounts of both P and K applied as ferti-
lisers and in FYM exceeded the amounts removed by cropping. Table 15

gives a balance for the additions and removals ofP and K and the changes

in total P and exchangeable K in the soils between 1964 and 1968' In these

calculations we assume :

l. the effective plough depth was 8'0 in. in 1964 and 9'5 in. in 1968'

(This is consistenfwith the dilution factor of 0'85 for total P measured

between 1964 and 1968).
2. The weight of soil per acre per in. : 0'35 x 106 lb, corresponding

to a bulk density of l'6 glcmt.
3. No P and K in turnip tops and roots and sugar beet tops was lost

before they were ploughed back into the soil.

Except for treatments I and 2, the net loss or gain of P by manuring and

fiopiing agreed wetl with the change in total soil P in the-plough layer,

uod it J"*rug" of the two values for all 8 treatments differed by only
30 lb P/acre.

Fig. 4 shows the dectne in the total P content of all the soils between

1964- arld 1966 as a result of deeper ploughing' Where P was not given

(treatments l, 2,3 and 8), there was little further change between 1966 and

igOg, Uut where it was total soil P increased, especially where the most

106

"i.tTotal P (ppm)
I CzCOs

Ratio

t%61 19681
1968 9A 1966

0.97 0.89 1.03
0.134 0.89 0.97

491 0.85 l.m
0.48 1.07 1.02
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Frcs. 4 and 5. Chang€s itr total soil P (Fig. 4) ard labile P (Fig. , in Rotatiotr lI
bctn€en 1964 and 1958' 

P applied
Manuritrg (lb/aqe),

TEatment r899-1964t 196ffib
I None NoEe
2 FYM None
3 FYM+P Nooe
4 FYM+P 206
5 FYM +P 426
6 FYM +P 22O
7 FYM+P 4q
8 FYM + 2P None

. For details, see Table l. b For details, see Table 6.

FYM and superphosphate were given (treatments 5 and 7). However, the
largest P contents in 1968 (696 ppm) were still smaller than in 1964, even
though ,l4O lb P/acre was given as superphosphate (treatment 7) and
4261b Plre,e as FYM and superphosphate (treatment 5).

Itr contrast, the exchangeable K in the plough layer increased less than
the net gain in applied K. Where FYM was given the increase in exchange-
able K in the top 9'5 in. of soil was only one-half and one-third of the gain
in K from manuring on treatments 4 and 5 respectively. Much of the
apparent loss probably reflected fixation in non-exchangeable forms
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N:HCOr r6lublc P (pph)

ROTATION II EXPERIMENT

c[:ij f"t3;;t.,clftffi*1oi'rfr Yo'fffl*'ubre 
P (Fis o and lpca + pH,Po{

(For key to treatments, see Figs. 4 and 5.)

(which were not measured) in this slightly calcareous soil, but some K
may have leached below plough depth.
Changes in NaHCOrsoluble and labile p. yalues oflabile p (Fig. 5) eitber
declined or remained almost constant, and NaHco3-solulte-i'vatues
(Fig. 6) all declined where fresh p was not given (treatmints 1,2,3 and g),
not only between 1964 and, 1966 but also berween 1966 and l-96b. Soluble
and labile P increased where most fresh FyM or superphosphate were
given (treatments 5 and 7) and were maintained at th; l'964 imounts in
treatments 4 and 6. This increase occurred even though the residues of
'fresh'FYM and superphosphate did not increase toLl .oit p 

"ootent(qp,m) because they were distributed through more soil in 196g than in
!!6a. The increases in NaHCOg-soluble p and labile p between 1964 and
1968 were:

pq- tb P/acrc

NaHCOT l_abite NaHCOT l_abile 
'

Maourbs l96tj7 sotuble.F p ;iubt;i l--
FYM, ,lO toos plus 22O lb P/

acre as superphosphate +16 +44 +76 +203
,140 Ib P/acre as super-phosphate +23 4 46 + lm +Nt

The net gains in total P in the top 9.5 in. of soils from new residues (treat-
ments 5 and 7) were 3,lO and 305 lb p/acre respectively Clable tO. fhe

t09

Treat-
ment

5

7

Increas€ 1964-68
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increases in NaHCOa-soluble P and labile P (Pe), per unit increase in
total soil P, for 'old' and 'new' residues were:

ANaHCOa-
soluble P/AP1 AP"/API

'Old'residues, 1899-1964 0'l I 0'37
'New'residues, 196tr-68 0'25 0'60

Chenges in the solubility of soil P. Yalues of ]pCa f pHzPOr (Fig. 7)
show that the solubility of soil P declined (treatments l, 2, 3 and 8)

between 1964 and 1968 and was maintained, but not apPreciably increased,
(treatments 4, 5, 6 and 7) where fresh P was given. In contrast to soils from
some of the Classical Experiments at Rothamsted (Aslyng, 1954), all the
Saxnundham soils from Rotations I or II are undersaturated with octa-
calcium phosphate.

Soil anelysis and croP resPonse

Table 16 summarises yields of barley, potatoes, turnips and sugar beet

between 1965 and 1968 in relation to soil P analysis. Yields ol barley,
grown on soils with 2G40 ppm NaHCOs-soluble P aDd adequate N and K,
were not increased by fresh superphosphate (73'5 lb P/acre) in 1965 or by
fresh residues of cumulative dressings ( 196167) in 1968. Yields ofpotatoes,
turnips and sugar beet, however, were all more with fresh superphosphate
than with residues alone.

IABLE 15

Yields and responses of ba ey, potatoes, turnips ond sugar beet in relation
to soil analYsis, 196547

Treat-
ment

I
2
3

NaHCOg-
soluble Labile

PP
(ppm) (ppm)

4-6 20-2s
9-12 M5

20-{o 75-110

Barleyr
*pca grain

+ pHrPOa (c!vt)

8.Q-2 15.9
8.1-7.8 31.3
7.5-4.9 !4-6

Sugar b€et
Potatoes Tumips r------f,-------'
tut€rs roots Roots Sugaa
(tons) (tons) (toDs) (cwt)

1.4 2.2 8.3 26
14.6 5.0 13.5 48
16.8 6.8 16.9 59

+l 4 +1.1 +I'7 +4Increas€ from 73'5 lb P/acre - 0.3
(treatment 6 ,ntuat 3)

. At 85% dry matrer.

At the end of 1968 the soils ranged widely in NaHCOrsoluble P (about

3 to 67 ppm) and in labile P (about 28 to 166 ppm). Residues of 'old' and
'new' FYM and P are now being evaluated, relative to fresh super-
phosphate applied in the seedbed, in a crop rotation of potatoes, barley
(without P), sugar beet and barley (without P) to compare crop response

ind soil analysis on the Chalky Boulder-Clay soil at Saxmundham with
crop response at Rothamsted and Woburn.

Conclusiom atrd Slmmary

l. Between 1899 and 1964 more P was applied in FYM alone (10 tons/
acr4rotation) and in FYM (10 tons/acre/rotation) plus superphosphate
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(a!o_ul 74 lb P/acre/rotation) than was removed by cropping. NaHCOs-
soluble P _and isotopically-exchangeable (labile) p were fureitly propor-
tional, and lpCa * pHzPO.r inversely proportional, to the increaseln totat
P(AP, in the soil. NaHCO3-soluble p and labile p increased by the same
amounts, per unit increase in total soil p, in Rotation I (when iamnled in
1957) as in Rotation II in 1964, and were abour t\fi and 40\ resfrtively
of the increases in total soil p that accumulated from .old' p rcsiCues.

_ 2. NaHCO3-soluble P, labile p and {pCa f pHzpOa in 1964 were
6 ppm, 20 ppm and 8.36 on plots withoui p, 12 ppm, 44 ppm arLd, 7.79
wt9r9 ^lV{ only was given (treatment 2) sinc€ lSSi and +r ipm, r 13 ppm
and. 6.92 vhere- FYM and superphosphate were given 6reaiments 3 to 7;
in the old rotation.

.3.-The only K applied in the old rotation came from FyM which sup.
plied about 100 lb K/acre/rotation. Negligible amounts remainJin the
soil as exchangeable K in 1964.

. 4. Between 1964 and 1968, deeper ploughing (from about g to l0 in.)
lessened the total P content of the soil by a facior of about 0{5 where
further P was not applied (treatments 1,2,3 and g). Where FyM (/10 tony'
acre containing 

?06 19 9) or superphosphate (220 lb p/acre) were given
betwern 1965 and 1967 (treatments 4 and 6), total p waslessin l96g1han
rn 1964; where FYM plus superphosphate (total p 426lblacre) or 440lbpl
acre were given.as superphosphate (treatmeDts 5 and 7), the extra p applied
Just maintained the original p content (in ppm) of the soil. The .fresh, p
given between 1965 and 1967 was incorporiied'witfrin the Aeeper iS.S in.)
plough layer and increased both the co;c€ntration of NaHCdg*ojuble p
and labile P (ppm) and the toral amounts (lb p/acre) in ttre ptJugh-tayer.
The increases in NaHcos-soluble P and labile p were ator:t iSy. 

""na 
Ay

respectively of the increases in total soil p that accumulated f.om .rew, p
residues.

5. Between 1965 and 1968 more K was applied as FyM and/or inorganicK than.was r9m9v9d by cropping. Exchingeable K (in ppm) iocreased
dunng this period despite dilution by ploughing.

6. Yields of barley in 1965 and 196g, with adequate NK fertiliser,
ranged from 16 to 35 cwt/acre and increased in the olrder: no p < FyM
r."^r19"9.1< FYM f superphosphate residues. Fresh superphosphate in
l965.did not increase yields further. yields of potaroes i; 19t6, giu; NK
fertilisers, ranged from 7.4 to 20.5 tonsTacre. yields with'flfrl + p
I:sidles (treatment 3) were 16.8 tons/acre and 'fresh' superphosphate

!11 Lb I{"*".t iyre19{-v!9l.as by r.4 tons/acre ana .rresrr'suierirroiitrate
(74 Ib P/acre) plus FYM (20 tons/acre) by 3.5 tons/acre. VietOs of turnips
(2 to 8 tons/acre) aod sugar beet (8.3 to 19.6 tons/acre), given NK fertiliseis
w€re greater by 1'3 and 2.6 tons roots/acre respectivelt with ,fresh, FyM
plus superphosphate than with only residues oi .old' 

dressings.

_7._The treatments given between 1965 and 196g modified the soils
which now contain different amounts of soluble p. fh" .an!e of soils
include 'no P' since 1899 (treatment l), p residues from Fifr- aooe o.

lu
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with superphosphate, applied between 1899 and 1964 (treatments 2, 3 and
8), P residues from 'old' FYM and superphosphate with (i) new FYM
alone (treatment 4); (ii) nerv superphosphate alone (treatments 6 and 7);
(iii) new FYM and superphosphate together (treatment ,.

Cultivations have ensured, and soil analyses have confrmed, that both
P and K residues are distributed throughout a plough layer of about
0-10 in. These residues will be evaluated, relative to fresh superphosphate,
in a crop rotation of potatoes, barley (without P), sugar beet and barley
(without P) between 1969 rnd 1972.
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The Effects of Partially Sterilising Agriculturat Soils with Fomalin,
and of Applying Nitrogen Fertiliserq on the Yields and N Contents of

Spring and Winter Wheat, of Barley and of Grass

F. V. WIDDOWSON and A. pENNy

Partial sterilization with steam or with formalin solutions has for long been
used in horticulture to maintain yields in glasshouses where the same crops
have been grown frequently. Russell (1961), quoting from work done in tire
early 1900s, stated that the larger yields after partial sterilization resulted
not only from killing soil-borne pathogens, but also from an increase in
mineralisable soil nitrogen, but that the full explanation ofthe better yields
was lacking.

Benzian (1965) showed that in forest nurseries formalin and other soil
sterilants greatly increased the height and vigour of conifer seedlings which
otherwise were stunted. All other treatments, which included. fungicides,
soil conditioners, composts and inorganic fertilisers were inefectivJunless
the soil was drenched with formalin not less than 3 weeks before the seeds
were sown. The fact that fungicides did not improve growth, whereas the
formalin drench did, showed that more than killing soil fungi was involved
and tests showed that the sterilised soils containedmore ammonia and the
trees grown on them more manganese. These experiments also showed that
the increase from formalin was larger where it was given for the first time
than where it had been given the year before, so thaithe benefits of succes-
slve treatmeots were not cumulative.

C_ook€ (1963) considered problems ofgrowing cereals on some light soils
in Hertfordshire and Lincolnshire, where promising crops had faileJ during
dry weather in June, and summarised work then done to try to solve them-
Similar problems with cereals had also occurred on light land at Woburn
Experimental Station, where, as at the other c€ntres, they were associated
with generous N manuring, with dry weather before eai emergence, and
with fungi causing root rots. Because the stunted gro\trth in foreJt nurseries
had been overcome by applying formalin to these soils we decided to test
formalin for wheat, and included with it tests of other treatments that might
help to overcome the problem. In our first experiment we used (l) a non-
phytotoxic fungicide (Nabam) to control Fuvriun spp. e) irrigatibn during
dry weather to prevent a moisture defcit and (3) a rangi of nitrogen dressingi
to apply stress. It was made in I 964 with spring wheai at Wobuin ; formalin
trebled yields. In 1965 we extended the work to Rothamsted where, on
heavier soils, cereals had not been harmed, so far as we knew, and we chose
one site that had previously grown cereals for many years and another
recently ploughed from grass. In 1967 another experiment with formalin
was begun on Chalky Boulder Clay at Saxmundham (Sutrolk), because
barley in a Iong-term rotation experiment there had yielded disappointingly;
the amount of pathogens in the soil was unlnown. AIso in 1967 another

ll3
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experiment was begun with newly sown meadow fescue and timothy at
Rothamsted, to establish whether a crop less likely to be damaged by soil
pathogens benefited from drenching the soil with formalin before sowing
and, if it did, for how long.

The main purposes of the experiments therefore were:

(l) to measure the effect of formalin on the yield of cereals;
(2) to examine the effect of formalin on the nitrogen content of the crops

and so the need for fertiliser N;
(3) to examine the effects of formalin and fertiliser nitrogen on the take-

all fungus (Ophiobolus grdminis) and other soil-borne pathogens (D. B.
Slope and G. A. Salt), and hence the amount of N needed by uninfected
and infected crops.

Also, because D. B. Slope's root samples sholYed that cereal cyst eelworm
(Heterodera awnae) was abundant on Butt Close, Williams (1969) measured
the effects of the treatments on its incidence.

Experimental methods and tre ments

Butt Clme, r oburn, 196155. This field previously had grown many
arable crops; the soil is a light sandy loam over Lower Greensand, holding
less than I in. of water per foot of soil. In 1963 winter wheat following
beans became stunted during dry weather in late May and June, especially
on plots given much N; on these plots many ears failed to emerge normally
and at harvest yields were small.

In 1964 spring wheat tested these four factors in all combinations:

(l) 38% formaldehyde (at 250 cc/sq yd) applied in water as a drench.
(2) Nabam (a fungicide) sprayed over the seedbed and over the crop.
(3) Water applied to give, with rain, I in. of water p€r week.
(4) Nitrogen fertiliser CNitro-Chalk') to give 0'6, l'2 or t'8 cwt N/acre.

These 24 treatments were arranged in two blocks of 12 plots; there were

two replicates; individual plots were 7 ft wide and 20 ft long (0'0032 acre).

The formalin was appl.ied by watering-can in December 1963 and repeated

in February 1964 because too little rain fell after the fiIst drench to wash
it in. Then, in March, basal PK fertiliser (G2G20 at 2] cwt/acre) and
half of each N dressing were broadcast by hand, Nabam (at l0 lb/acre)
was sprayed over appropriate plots and then the wheat (Jufy I) was sown
with a hand-drill in rows 6 in. apart. The seedbed was made with hand-
rakes to limit the movement of sterilised and unsterilised soil from plot to
plot. Nabam (at 5 lb/acre) was sprayed over the wheat at the 3leaf stage

and again when it covered the ground completely; the other half of the N
was applied in early May. From l8 May to 27 July water was applied weekly
by hand-hose to give, with the rain that felt, I in. of water per week (4'7 in.
ofwater was applied). At harvest the centre 13 rows of wheat on each plot
were cut by hand and threshed, and the grain and straw were weighed.

Samples of grain and straw were taken to measure dry matter and % N.

tt4

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 116

FORMALIN AND NITROGEN

In 1965 formalin was applied again (in December 1964) in all combina-
lions with the 19fl treatmeots giving a single replicate ofeach combination.
Nabam was nol tested again, calcium nitrate replac€d Nitro-Chalk (to
eliminate any effect formalin might have on nitrification) and Opal wheat
replaced Jufy I. The 1965 summer was wet and water was appli;d for the
w-heat_only lrom 25 May to l6 June (1.2 in. of water was aaOiay, because
after that ample rain fell each week. Other treatments and methods were the
same.

Little trnott ad Pastueg Rothamsted, 1965-68. The Little Knott exper!
ment was made on a field that had been ploughed from grass in 1943 and
then had grown cereals in 19 of the next ,l ye;rs; the paitures experiment
was made on- a feld that had grown grass for l0 years and then was iloughedfor spring wbeat in 1964. In I965 the effect of i formalin drench @50 cc of
381formaldehyde per sq yd) was tested on spring wheat without N and
with 0'5, 1.0 or. 1.5 cwt N/acre (as calcium niirate)- The eight treatments
were arranged in a randomised block; there were four blocks on Little
Knott and two on Pastures. Individual plots were 7 ft wide and 20 ft long
(0'0032 acre).

The formalin drench was applied by watering-can and basal pK by hand
over spring-tined land in February. The first half of the N was applied
duringtlarch and then Opat wheat was sown by hand-drill in rows 6 in.
apart. The remaining N was applied in May. At harvest the wheat was cut
by sickle and threshed.

In 1966 the same amount of formalin was tested again in all combina-
tions with the 1965 drench, on whole plots on Little Kriott and on halfplots
on Pastures. The same amounts ofN were given to the same plots and at the
same- times to Kloka spring wheat. The wheat was cut by sickle and
threshed.

_ 
In September 1966 formalin was applied again (in all combinations with

the 1965-and 1966 drenches) either toihe stubble, or shortly after plough-
ing; the N dressings again were cumulative. Basal pK was given and winter
wheaf 

^(Cappelle) 
was sown by hand drill in late October.fn spring, N (at

0,5, 1.0 or 1.5 cwt/acre) was re-applied to appropriate plots, iraf-of each
dressing in March and half in May. On Little iinott the wheat was combine_
harvested, but on Pastures it was cut by sickle and threshed.

In September 1967, after plouglring, formalin was again applied in all
comblnatrons wrth the tbree previous drenches. In October, Cappelle
vheat was sown and in spring N was applied to appropriate itots.' notn
exp€riments were combine-harvested, Each year the grain and'straw were
weighed and sampled for dry matter and /. N.

Gmve Plot, Sa:mundham, 1967-{8. The exlxriment was made to test
factors-that- may limit yield on this sandy clay soil with a poor structure.
Formalin, lime and two amounts of nitrogen (applied in either March or
May) were tested in all combinations on tua bail;i varieties (Maris Badger
and Deba Abed)- The 32 treatments were arranged in two blo&s of 16 plo-ts;
individual plots were 7 ft lyide and 14 ft long i0.m22 acre).

ll5
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In February 1967 a formalin drench (500 cc of 381 formaldehyde per

sq yd) and lime where appropriate and basal PK were applied over the
pl,oughed land. In March the soils were sampled and then the barley was

sown-by hand-drill in rows 7 in. apart; N at 0'6 or l'2 cm/acre (as calcium
nitrate) was broadcast by hand either on the se€dbed or in May over

appropriate plots. At harvest the barley was cut by sickle, th^reshed, and the

niiin ina stiaw weighed and sampled for dry matter and % N'
In 1968 formalin was tested again in all combinations with the 1967

drench. All the other treatments were repeated on the same plots to give a

half replicate of 32 plots. In March the soils were sampled again for
mineraiisable N. The-results gircn here are averaged over varieties, lime

and times of applying N.

Fosters, Rothamsted ,1967-{/i,. This experiment was made o-n a field that

had srown manv arable crops. It measured the effects of a February soil

J..n!n of for-alin (at 500 cc/sq yd) without nitrogen and with 0'3, 0'6

or 0.9 cwt N/acre/cui (as calcium nitrate) on the yield- of a March'sown

timothy (Scois) and meadow fescue (S.53) ley. The,ei8ht trearments were

uirungia'in a iandomised block; there were four blocks ludividual plots

were 6 ft wide and 12 ft long (0'0016 acrQ. In 1967 the grass was cut three

times (in Julv. Seotember and November) and in 1968 twice (in May and

lrryi;\ "ui 
i.-u'pplied for each cut. The grass was weighed and sampled

for dry matter and / N'

Obcenrtions

Butt Close, Woburn, 1964-65. On 6 May 1964, wheat glowing- on soil

drenched with formalin was taller and more vigorous than wheat on

unt.eated soil .nd also was almost weed-free, whereas the other wheat was

infested with many weed seedlings (mainly Malricaria aod Polygonum sp )'
li *as ar .p.uyed to kill the weeds. On 9 June irrigated wheat.had- larger

L.oua.i t"ulret tttun unirrigated, even though l'5 in' of rain had fallen the

lu""k b"for", but with so much rain in June none of the wheat failed, and

the expected symptoms of scorching did not ocaur, even though July was

dry and sunnY.
'On Z2 lptil1965 we observed that wheat growing on soildrenched with

formain in tg6l was inferior to wheat growing on untreated soil; much of
it was stunted and had yellow leaves. Also, the large benefits from the new

iormalin drench were diminished by the residues ofthe 1964 drench, so that

ih" iorrn"tio *a..ost beneficial where it had not been used the year before;

these differences persisted until harYest.

Little Knott anrt Pastures; Rofhrm<ted, 196S{8. On 3 May 1965 wheat on

iittle Knott gro*ing on soil drenched with formalin was much superior to

*fr".t *ot iie on intreated soil, but on Pastures the wheat showed no

U"n"ntIp.".u,iuUty because this soil contained few pathogens, and was rich

in N.
In 1966, freshly applied formalin improved growth geatly on Little

I t6
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Knott, but only slightly on Pastures. There was no visible benefit or harm,
on either field, from the residues of the formalin given in 1965.

In 1967, formalin applied the previous autumn did not visibly benefit the
wheat on Little Knott until mid-June, but did after then. By contrast,
formalin given the year before was harmful, for in July the wheat growing
on nine plots was stunted, had bluish stems and leaves, and the leaves were
erect and rolled inwards from the margins; all had been given formalin in
February 1966. On Pastures new formalin improved growth during
March, but the drench applied over the stubble improved growth less than
the drench given after ploughing. The beneflts from the formalin persisted
until severe lodging occurred well before harvest; the most vigorous wheat
lodged rnost.

In 1968, freshly applied formalin benefited the wheat greatly on pastures,
but had little effect on growth on Little Klott (by contrast to the first two
years), but losses from giving formalin the year before were not evident.
The wheat responded geatly to N on Little Knott, but there was less yisual
response on Pastures. At harvest there was little lodging on Little Knott,
but on Pastures all the wheat given N was flat.

Grove PJot Srmundhem, l!)67-68. In 1967, formalin improved growth
only a little and in 1968 little more; its benefits were evident only with
0.6 cwt N/acre and not when 1.2 cwt N/acre was given. By contrast, N
greatly increased $owth each year and so the visual effects were mainly
from rates and times of N.

Fo6ter's, Rothrmst€d, 1967-6E. The grasses established only slowly
during wet weather in May and so, in June, they were topped and a second
dressing of N given. Then they grew quickly and growth was better with
formalin than without. In 1968 there was little visible benefit from the
formalin.

R€sults

Butt Close, Woburn ,19g-65. Appendix Table I shows that in 1964 grain
yields (averaged over Nabam) ranged from 9.1 (with 0.6cwt Niacre) to
37.2 cwtlacre (with l.2cwt N/acre, formalin and water). Trebling the
amount of nitrogen (to 1.8 cwt N/acre) increased grain yields by 5.7 cwt/
acre without irrigation or formalin, by I1.8 cwt/acre with irrigation alone,
by only 0.2 cwt/acre with formalin alone, but 5.9 cM/acre when both
formalin and water were given, so that lyater increased and formalin
decreased the need for nitrogen. Appendix Table I also shows that in 1964
straw yields ranged from 14.3 (with 0.6 cwt N/acrQ to 53.0 cwr/acre (with
1.8 cwt N/acre, water and formalin), so that the straw b€nefited from one
more increment of N than the grain. However, the gains from formalin and
from water were proportionally as large for straw as for grain. The table
also shows that applying formalin did not consistently change the percent-
age of N in the wheat grain, but, because it increased yields so much, it
more than doubled the amount of N removed by wheat given 0.6 cwt
N/acre, and increased by a half the amount of N removed by wheat given
1.8 cwt N/acre. Applying water decreased f N in the grain in fir,e of six

tt7
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comparisons, presumably because it increased yields without increasing the
amount of mineralisable N in the soil, whereas formalin probably increased
it. However, watered wheat removed approximately one fifth more N than
unwatered, so that water increased its ability to use N. Nabam increased
yields little and so its results are not shown.

Appendix Table I shows that in 1965 grain yields ranged from 6'0 (with
0.6 cwt N/acre alone) to 37'4 cwtlacre (with l'2 cwt N/acre, formalin in
1965 and water), so that although the range was greater in 1965 than in 1964

maximum yields were almost the same in the two years. The Table also
shows that formalin was most effective where none had been applied the
year before, so that there was a negative interaction between the fresh
applicafion and the residues of that given the year before'

The table also shows that giving the wheat l'8 rather than l'2 cwtN/
acre decreased yields where formalin had been given tlat year, but that it
increased them a little where it had not, showing again the interaction
between nitrogen and formalin. Also, the benefits from giving extra N were

made larger by giving water, providing that formalin also had been given,
but not where it had not. Evidently the residual eflects of vr'ater were harm-
ful on this sandy soil, because in 1965 water increased grain and straw
yields (in 9 or 12 comparisons) where formalin was also newly given and
decreased yields (in 9 or 12 comparisons) where it was not. Presumably the
water given in 1964 allowed cereal cyst eelworm to multiply faster and so

decrease yields in 1965, unless formalin was newly given (Williams, 1969).

Appendix Table 2 also shows that straw yields ranged from l1'8 (with
0.6 cwt N/acre and water) to 44'8 cwt/acre (with l'2 cwt N/acre, water and

formalin only in 1965). There was no obvious relationship between the
increases from the largest amount of N and formalin.

Formalin tended to diminish % N in the gain, presumably because

yields with it were larger, and water also tended to do so, whether or not it
increased yields. Formalin greatly increased the amount of N removed by
the wheat; it more than trebled the amount by wheat given 0'6 cwt N/acre
and almost doubled the amount by wheat given 1'8 cwt N/acre; water
increased the amount only where it also increased yields.

Table I shows that, in 1964, mean grain and straw yields were almost
doubled by formalin, but that the residues of this drench decreased the
yields of the wheat that followed in 1965. By contrast the formalin given in
i965 more than doubled grain and straw yields, but, even so, mean yields

were smaller than in 1964 (maximum yields were not (Appendix Table 1)).

Table I also shows that the second increment of 0'6 cwt N/acre increased

grain and straw yields in both years, but the thfud increased only straw

tields. Water significantly increased yields during dry weather in 1964, but
had little efect in 1965.

Table 2 shows that giving formalin in 1964 increased yields slightly in
1965, but the plots drenched in both 1964 and 1965 yielded lcss than those

drenched in 1965 only, i.e., drenches in two successive years had less effect
than one drench immediately before the wheat crop. On this soil, formalin
was more effective than N in increasing yield but, even with formalin newly

applied, maximum yield needed l'2 cwt N/acre, which is usually regarded
as a Iarge dressing.

lr8
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Little Knott, Rothamsted, 1965-68. Appendix Table 2 shows that, in 1965,
grain yields ranged from l7'0 (without N or formalin) to 35'4 cwt/acre (with
1.0 cwt N/acre and formalin), and that formalin increased yields with each
amount of N. Although 0'5 cwt N/acre increased yield ofgrain by approxi-
mately l1 cwt/acre and straw by even more, there was little or no advantage
from giving the wheat more N, whether or not formalin also was
given. lN in the grain was increased by each increment of N; wheat
given l'5 cwt N/acre contained approximately 50\ more N than wheat
given none. By contrast, formalin did not cotisistently change % N in the
grain, but, because it increased yields so much, it increased the amount of N
iemoved (in the grain plus straw) by approximately a quarter, at each rate

of N tested. Wheat given 0'5 cwt N/acre and formalin together recoYered as

much N as wheat given 1'5 cwt N/acre alone, so that the eflect of formalin
then was approfmately equivalent to giving the wheat 1'0 cwt more
N/acre.

Appendix Tabte 2 shows that, in 1966, tle residual effects of formalin
applied in 1965 greatly decreased yields and that, although these loss€s

were diminished by applying N, they were not eliminated by the largest

amount given (l'5 cwt N/acr$. The table also shows that these harmful
residual iffects were diminished by a formalin drench in 1966, which gave

larger yields than on Plots not drenched in either year. However, the

largest yields of grain and straw were obtained by formalin applied for the

firsi time in 1966. The table also shows that this treatment tended to
increase I N in the grain; as in 1965, it consistently increased the amount
ofN recovired by the wheat, and again its effect was approximately equiva-

lent to giving the lyheat l'0 cwt more N/acre.
Appendix-Table 2 shows that in 1967 winter wheat on soil not given

formil-in either in 1966 or in 1967 yielded the most grain, and that it gave

approximately the same yield as the spring wheat grown before it' The

risidual effecis of the formalin given in 1966 geatly diminished yields of
grain and of straw and the wheat not given N almost failed.- A formalin
irench repeated in 1967 only partly overcame the harmful residualefects,
for even with formalin in both years, both grain and straw yields were

smaller than from untreated soil. However, straw yields were increased by
formalin applied in 1967 only, and this also increased grain I N, but it did

not consistently increase tle amount of N recovered by the wheat'

Appendix Table 2 shows that, again in 1968, grain yields tended to be

larg;iwithout than with newly applied formalin, so that the efectiveness of
formalin seemed to be diminishing on this site. AIso, by contrast to results

in 1967, straw yields were not increased by newly applied formalin. The
residual effects of formalin again decreased yields, but much less than in
1967, and their harmful effects were dirrinished by applying formalin
again for the 1968 wheat. The newly applied formalin consistently increased

giain f N, but it did not c.nsistently increase the amount ofN recovered

by the wheat. However, by 1968, only two ofthe 32 plots in the exPeriment
had not been given any formalin during the four years, which suggests that
subsequent applications given to some plots in 1967 and in 1968 were less

beneficial than the initial ones.
Table 3 shows that although formalin increased yields each year on

t20
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Little Knott, it increased them more in 1965 and 1966 (when applied in
February for spring wheat) than in 1967 and 1968 (when applied in Septem-
ber for winter wheat). However, the losses from the residues of formalin
given the year before were as large, or larger, with winter wheat than with
spring wheat, so that, in contrast to its direct effects, its residual effects
were the same for both spring and winter wheat. In 1967 and 1968 the
experiments also measured the effects of giving formalin two years earlier,
and Table 3 shows that grain yields were a little larger with than without
these formalin treatments. In 1968 the wheat also measured the residual
effects of formalin given three years earlier; these also slightly increased
yields.

Pasturcq Rotlamted' 1965-68. Appendix Table 3 shows what haPp€ns

vr'hen wheat is grown on a nitrogen-rich soil and given too much N. In 1965

N consistently decreased yields of grain, which with l'5 cwt N/acre were

almost halved. By contrast,0'5 cwt N/acre increased straw yields by more
than l0 cwt/acre, but giving more N than this decreased them. Formalin
increased grain yields provided that N was not giYen, but had no consistent
effect when it was, although formalin consistently itrcreased the yields of
straw. The large amount of N in lhe soil was confirmed by the large I N in
the grain and by the fact that unmanured wheat recovered twice as much N
here as on Little Knott (Appendix Table 2) in the same year.

Appendix Table 3 also shows that, in 1966, yields were not diminished by
residual effects of the formalin given in 1965 (in contrast to Little Knott).
Grain yields were sizeably increased by the new formalin drench only when

N was not given, but straw yields were increased independently of N.
Yields without N fertilisers were smaller than in 1965 and grain yields were

greatly increased by giving 0'5 cwt N/acre (exc€pt where formalin also had

been given in 1965 and 1966), but not further by giving more. Straw yields

also were greatly increased by 0'5 cwt N/acre (whether or not formalin was

given), but little more with more N.- 
The fact that yields of straw, but not of grain, were larger when formalin

and nitrogen were given together, suggests that potential grain yield was

lost through lodging. Hence, effects were better judged by straw than by
grain. The table also shows that newly applied formalin did not consistently

increase % N in the grain, but that it did increase the total amount of N
removed by the grain and straw in seven of eight comparisons.

Appendix Table 3 shows that, in 1967, wheat yields were diminished by
formilin given in 1966, but that most of this loss was prevented either by
drenching with formalin again in 1967 or by giving the wheat more than
0'5 cwt N/acre. A new drench greatly increased the yields ofgrain where the

wheat was not given N, and slightly increased them when only 0'5 cwt N/
acre was given, but, with more N than this, formalin decreased. grain
yields. It c-onsistently increased straw yields. The largest yields of grain and

of straw were obtained by giving formalin to soil that had been given none

the year before, but the best amount of N for each was diflerent^ New
formalin increased f N in the grain in 7 of 8 comparisons and it also

increased the total amount of N removed by the grain and straw, except

when l'5 cwt N/acre was also given. The effect of this new drench on the

t22
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amount ofN removed by the wheat was less than that ofgiving the wheat
0'5 cwt N/acre.

Appendix Table 3 shows that the formalin given for the 1968 wheat con-
sistently decreased grain yields and slightly decreased ttrose of straw, pre-
sumably because it made lodging worse in this wet summer. By contrastfthe
residual efects from the 1967 drench increased grain yieldi, presumably
because this wheat was poorer, lodged less and so yieldld more. Nitrogen
increased yields a little providing that only 0.5 cwt N/acre was given. With
more N, grain yields were consistently diminished and straw 

-felds 
were

irregular. Newly applied formalin usually increased grain f N, but because
it deoeased yields it usually decreased the total am6unt of N iecovered by
the wheat, although fertiliser N consistently increased it.

Table 4 shows that newly applied formalin (averaged over N) increased
gain,and straw yields only a little each year lrom 1965 to 1967, and that it
greatly decreased yields of grain and slightly decreased yields of straw in
1968.

The residual harmful effects of formatin the year after it was given were
far. tels 

11191 
on_Liule Knott; they appreciably diminished yield-s of grain

only in 1967 and ofstraw in 1967 and in 1968. Formalin given two or three
years previously had only small effects on yields, but they were positive in
four of six comparisons.

Grove PIo! Srxmundham, 1967-68. The 1967 barlev followed a summer
fallow. Appendix Table 4 shows that, without formalin, 0.6 cwt N/acre
increased,grain yields by l4.l cwt/acre, but with it, by 17.9 cwt/acre.
Applying 1.2 cwt N/acre rather than 0.6 increased grain yields further (by
4.9 c*!acae), but then formalin slightly diminished yields. Formalin also
inc-reased strawyields, but more with the single than wiih the double amountof\ and it also increased I N in the grain, however much N was given.
Thus, _more total N was always removed by the barley with than without
formalin

_ 
Appendix Table 4 shows that, in 1968, yields without N were smaller

than in 1967,_but that the response to N was larger, so that maximum yields
were nearly the same in the two years. As in 1t67, newly applied formalin
rncreased yields a little, but more with 0.6 than with 1.2 cwt N/acre. The
residual effects from the formalin given in 1962 also increased yields, but

TABLE 5

Mean yields (cwtlacre) of spring barley (l5l moisture content) $,ithout
ond with formalin at Soxmundham in 1967 and 196g

with s.E.

Formalin in 1968

With

Grain
Straw

Grain
Straw

3E.5
40. I

37-8
42-1

Yields in 1967
q'2 +0'6842.1 +0.87

Yields in t!X8
38.8
42.8

+o.62
!0.77

37.6 39.042.5 43.1
+o.62
+o-77

123
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usually less than did the new drench. Formalin applied in either year
increased I N in the gain, but the combined efect ofboth drenches was
not consistently greater than that of a drench in 1968 only.

Table 5 shows that newly applied formalin increased mean grain and
straw yields each year, though by much less than on soils with a long
history of arable crops at Woburn (Butt Close) and at Rothamsted (Little
Knott). Also, in contrast to the other exFriments, the residual effects of
formalin were beneficial rather than harmful, which suggests that at
Saxmundham the effects of formalin were mainly from an increase in
mineral N and not from a decrease in soil pathogens. Table 6 shows the
amounts ofmineralisable N in soil samples takenjust before the barley was

sown in March 1968 and then incubated in the laboratory for 24 days tt
25"C (by J. K. R. Gasser). These show that the soil contained litde mineral
N; formalin increased the amount ofN mineralised after incubation, either
when it had been given in 1967 or in 1968, but giving it in both years

increased mineral N most. Judged by yields, this increase in mineral N was

TABI,E 6

The total amou s of mineralisable N in Saxmundham soils in Morch' 1968

None 11 1968 1961168

ppm N (NOsaNHr)

Mineral N in fresh soil 7 3
Miftral N after iDqrbation 16'6
Increase (A mileral ]9 9'3

6-9 4.5
t9.3
14.8

3.1
26-4
23.3

probably equivalent to giving the barley only another l0lb N/ac-re; the

ixtra N from giving formalin in 1967 and in 1968, rather than in 1968 alone,

was not reflecied in larger yields or in larger amounts of N removed by the
barley.

Fosters, Rothimsted, 1967-68. Appendix Table 5 shows that, in 1967'

formalin greatly increased the yields of grass at the first cutting and slighdy
increased them at the second and third cuttings. At the first cut, % N was

TABLE 7

Total yields (cxtlocre) of dry grass from rtve cuts, the meon percentage of N
in dry grass and the total dmounts (ctetfacre) of N taken up (infive cuts) in an

experiment testing nilrogen and formolin for grass, 196748

Total yields lfffi A1[ Torat N takeo up

17.4
10.5

_F
t.8l t.73
2.18 2.20
2.69 2.67
3.05 2.97

c*t N/acre/cut
0.0 35'0
0.1 90-2
0.6 116.6
0.9 I 18'6

- : No formalin ir 1967.
F : Formatin in 1967.

t26

F
46.O

tu.E
l25.4
127.7

oljz
1.76
2.80
3.34

F
0.77
2-@
3.03
3.49

Formalin applied
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decreased, but total N increased, whereas at the second and third cuttings
formalin increased both "l N and the total amount removed by the grass.

In 1968 the residual benefits of formalin were small but consistent' They

increased yields at the flrst and the second cuttings (16 months- after the

formatin had been aPPlied), but they increased I N and the yield of nitro-
gen only at the first, and of grass not given N at the second cutting'- 

faUte I shows that over thl two years formalin increased yields by I l'0
cwt/acre without N and by 9'l cwt/acre with most,N, so formalin.had pro-
poriionalty most effect wiren N was not given. Nitrogen alone. increased

!i"to. by i:'6 
"t"t,/acre, 

so that its effect was approximately eight times

iareer than that offormalin. Formalin did not consistently change % N in

the-grass, but it did increase the total amount of N recovered by the grass'

Discussion

The results illustrated well the problems involved in making experiments

*ittr fo*ufin una other sterilanis, for not only did the formalin c'ntrol soil

pui-frog"nr 
"na 

to produce bigger crops, but it also increased-the amounts of
iiie"6"ei"o uv tti crops anJio pr"iumably the amouns of N mineralised

in it 
" 

.oitt (Gasser & Peachey, 1964). However, because. of these inter-

u"tion. unJ U.auute we did not measure the effects of formalin on mineralis-

"Li. 
r"ii N (except at Saxmundham) we cannot tell whether. the healthier

;;;;"*; with formalin (Slope, 1966; Salt, 1966) used the existing

i.iJ*ol. of toit N more efficiently, or whether their larger yields depended

,r.af, on ,t. additional N provided by the partial sterilisation of tbe soil'

ii"*'.*., .-*pt at Woburn (where cireal cyst nematode was abundant)

i"rtifit". i,it-gi,, and formalin were to some extent interchangeable, when

"""t- 
r"ut iotJt alone. At Rothamsted the effect of giving formalin alone

*.. 
"o.pu.utt" 

to that of giving nitrogen alone, but it neY:r^elc€ed:d that

.Gi"i"g O'S cwt N/acre. Neu"tth"l"ts, when formalin and 0'5-cwt N/acre

*.i" gGn tog"tfr"r, they interacted, and it was seldom possible to obtain

as larL a vieid from niirogen alone. however much was given'
-- 

ei"]l ino*t rn"an resulti for pairs of years in each cereal experiment' It
i. u"?" *lO.ot that the effects bf nitrogen and formalin were far better

."utr.it"i Lv tt. t,raw than by the grain' for the yields ofstra\ werealways

irin"i*i,f iotr"un than witilout, whereas formalin sometimes diminished

,*i" ,l"iar. oresumably because the larger crop that it gave lodged more

!;;;r"i;.';;;r;"rtlv lodeing did trot aiminish straw vields' otherwise

io.-uti, *duo travi aiminisnea these as well as those of grain' 
-'- 

e-i". i ,n"*i mean rerults (averaged over nitrogen dressings) of giving

f".'-A; i;; ih" ;;evious crop, for the current crop or-for both, in each of
if,a for. *."uf' 

"xperimenti. 
Residual eflects of formalin sometimes

;;;;; -d "o."ti."t 
d"..eased yields' but they always diminished the

;;;;d f;; ft.thiy applied formalin, which consistently -increased vields'

F".."fi. had simiiar'effects on grain and on straw yields' e-xcept on the

i'"ttu.l. .rp".i..nt, where lodging spoilt the comparison for grain' So

asain the eliects of formalin were best measured by yields ot'straw'-"ili;;;;;;i","nded 
to give the vields obtained from the experiments in

frli,';;i t;;h;;;rd di."uti th" intiructions between nitrogen fertiliser and
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formalin. It also shows the amounts of N recovered by the crops and that
formalin increased this whether or not soil pathogens were abundant. It
does not discuss the effects of formalin on cereal cyst nematode (Hetercderu
averwe) rn .the Butt Close experiment, because these have already been
published (Williams, 1969); nor effects on take-all (Ophiobotus gmminis)
and,other soil fungi, because D. B. Slope and G. A.-Salt will give their
results in other papers.
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APPENDX TABLE 1

Yields of spring u'heat grqin qnd slraw, the percentqge of N in grain, and the

amomts of N taken up by grain plus straw on Bun Close field at Woburn,
1964 and 1965

Yeor

Withour
formaLn

without With in 1964
cwt N/acrE/year formalin formalin or 1965

with formalin in

Yields (cwt/acre) of grain at 15 96 moisture content

1964 1965 1965

9.1
15. I
14.8

ll-6 29.9 7.2 6'0 29'l 19 6
18.3 31.2 ll.0 15.3 31'4 29'8
23.4 35't ll.3 l5'0 3l'4 28'7

+1.13

1964

0.6
t-2
1.8

0.6
1.2
1-8

s.E.

0.6
1.2
t.8

0.6
1.2
1.8

s.E.

Yields (cM/acre) of sl6w at 15% moisture content
Withoul v)aler

14.3 37'8 t2.0 23'8
25.2 43.0 t6.4 U.O
28.4 41.O 25.2 26.8

With vorer
17.6 41.8 ll.8 I l'8
28.1 50.0 l9'0 22.o
38.t 53.0 19.8 20.1

+l'72

Percentage ofN h grain

Wilhoul *alet
1.96 1.77 2.14 1 84 l'82 t'94
2.23 2.24 2.& 2'44 2'32 2't9
2.6t 2.s8 3.m 2.68 2'A 2'79

tYithout water

26.3 6.0
29.1 lo.t
26.5 16.2

,Yilh ilater

Wi h warer

1.88 1.96 2.08 2.01
2.02 2.12 2-51 2'16
2.3t 2.31 2.17 2'55

I1.5 29.0 l9'7
t1.7 34.2 23.5
18.8 34.0 21.0

35.6 21-6
42-2 28.9
42.0 D.4

39.3 25.0
44.8 31-5
M.8 39.6

!.84 1.70
2.07 2.24
2-52 2.41

0.6
1.2
1.8

0.6
1.2
1.8

0.6
l'2
t'8

06
1.2
l8

130

N (c*'t/acre) in gain plus straw
Without i,ater

o.2m 0.487 0.168 0'271 0 590
0.377 0.704 0.336 0'451 0 883
0.451 0.767 0.516 0'514 I O43

With walet

o-24o 0.624 0.189 0'160 0'593
0.,t05 0.850 0.304 0 413 0'879
0.59 0.911 0.392 0'4A l'015

0.433
o.632
o.112

0.375
0.733
0.E49

1965
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APPENDD( TABLE 4

Yields of barley grain and stran., the percentage of N in grain, and the N
taken up by grain plus strdw dt Saxmundhqm (Sufolk), 1967 ancl 196g

FORMALIN AND N]TROGEN

With formalin in

1967 and
1968 1968

o-214

0.784 0.84t 0.7471.156 1.099 1.150

=0 03.16

t7

Without With ir 1967
cwt N/acre/year formalin formalin or 1968 l96j

0.0 0.342
(+0'0504)

0.0 21.9 .8
(+l'36)

g q 36.0 39.8 35.6 37.8 19.5 37.51.2 &.9 ,10.5 31.1 19.5 34.4 40.1s.E. +0.96 +t.24
Yields (cfi/a.ae) of straw at I 5 % moisture coot.nt

0.0 2L.o 10.8
(+ 1.74)

g q 35.9 &.4 36.2 4t.3 4t.4 31.4r.2 4.3 ,15.0 46.2 46.4 41.2 k.Zs.E. +1.23

0.0

0.6
1.2

Yields (cwt/acre) of grain at I 5 % moistu.e content

1l .53

PeroeotaSc of N in grain
1.44 1.70

(+o'()84)
!.1q r.58 1.67 1.78 1.85 I.E41.70 1.79 2.25 2.26 2-26 2.tO

s.E. +0.060 +0.052

N (cfi/acre) in grail plus straw

0.6 0.535 0.682 0.668t-2 0.794 0.829 1.068
s.E. +0'0357

1968
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Chemical Control of Plant Growth

E. C. HUMPHRIES

That the form of plants, and the relative proponions of their different
piuts, can change greatly is evident from the differences between plants ol.
one. variety when grown in different environments. The sequence of
environmenlal changes that gives the greatest yield of either total dry
matter or the economically important parts of the plant can be discovered
experimentally, but the scope for increasing yield offield crops by changing
the environment is smalt. There is more scope in changing the rnorphol-og!
and development of the plant to suit the environmeni, ana the targii
potential yield of new than of old varieties of some crop plants reflect the
success ofthe plant breeder in doing this. However, plani breedins is a slow
process, and with the knowledge that the effects of the environ-ment are
mediared by the changes in the content and distribution of end.ogenous
growth substances (chemicals produced within the plant that affeclt such
processes as cell division and extension), there comes the possibility of
altering the,growth and morphology of existing yarieties in ways that will
increase yield.
{his p_aper discusses this possibility and describes how growth regulators

affect plant form; a growth regulator is defined as Jther a n-aturally
occurring or a synthetic chemical that, rvhen applied to plants in small
amounts, changes their form by altering the relative proponions of its
component parts (Humphries, 1967).

Hormone weedkillers are grolyth regulators, but I shall not consider
them though_ they represent by far the largest use yet ofgrowth regulators in
agriculture. I shall deal only with chemicals applied to change th;form and
growth of crop plants directly. Research on such chemicals was stimulated
by the discovery of gibberellic acid, gibberellin A3, first identified as a
metabolic -product of the fungus Fusariun moniliforrne. This greatly
increased the growth of some plants, especially of thiir stems, but-some-
times also of leaves, and increased total dry weight. Regrettabiy the early
promise that gibberellic acid could be used to increase irop yieid has not
been realiscd, although only few tests have been made on neld 

".op,because it is exlmsive. However, a claim that cheaper unrefiued prepara-
tions increase yields ofsugar cane (Tanimoto & Ni;keu, 1960 im;fies the
need for further tests.

The chemicals whose efects and interactions I shall consider are:

libbere0ic Acid, a naturally occurring growth regulator that increases
both crll division and cell gowth.

CCC(2-chloroethyl-trimethylammonium chloride), a synthetic chemical
that inhibits gibberellin synthesis, slows cell division, lessens apical
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dominance, causing more branches to develop, and strengthens stems of
cereals,

,89 (N-dimethylaminosuccinamic acid), a synthetic chemical that stunts
plant $owth, probably by interfering with auxin synthesis (e.g. Cooper
et al., 1968).

Morphtctins, which are synthetic derivatives of fluorene carboxylic acid,
and chemically related to the gibbereltins, but with Yery different
properties. The morphactins stunt plant growth at smaller concentrations
than CCC or 89.

Etfuel Q*hloroetbylphosphonic acid), a chemical that causes growth
changes by liberating ethylene in the plant.

Effects of growth regulctors on Intato€s

The yield ofpotatoes could be increased if a greater proportion ofthe total
dry weight could be made to pass into the tubers, or if the dry weight could
be increased by increasing the leaf area or by prolonging the life of the
haulm. Gibberellic acid usually increases stem extension, but not of potato
plants except when nitrogen is deficient (Humpbries & French, 1960) or
when potato seed pieces are soaked in concentrated solutions (Dyson &
Humpbries, 1966)- It increased the areas of some leaves and increased the
yield ofdry matter, (Humphries & French, 1960, t961, 1963) and sonetimes
tuber yield (Humpbries & French, 1963). Treated leaves had larger cells

and more cells per leaf (Humphries & French, 1963). Apparently gibberellic
acid affected only growing leaves or those that had reached a minimum size

in the apical primordium, but by enough to increase dry matter. It also
increased tuber number but made them smaller and shortened the dormant
period (Humphries, 1958; and Humphries & French, 1960). Gibberellic
acid increases the activity of hydrolysing enzymes and this may be why
treated potato leaves have less total nitrogen and protein per unit area than
untreated (Humphries & French, 196l). As gibberellic acid also makes the
root system smaller, the paler colour of the leaves could imply that the
roots were not absorbing enough nitrogen, but spraying the leaves of
treated plants with urea did not affect their appearance (Humphries &
French, 1963).

The ability of gibberellic acid to break tuber dormancy could be an
advantage if the precocious growth were subsequently checked by applying
inhibitors. Krug (1963) found a balanced combination ofthe inhibitor CCC
and gibberellic acid produced compact plants in the dim light ofwinter, but
Dyson (1965) found that applying CCC to soil containing seed piects
soaked in 50 mg/l gibberellic acid did not counteract the effect of GA.
Effects depend on the concentration of the growth substanc€s and when

theyareapplied. Forinstanc€, DysonandHumphries(1966)foundthatCCC
or B9 had diflerent effects on Majestic potato plants treated with gibberellic
acid when applied at different times. When growth oflower lateral branches

was retarded, upper laterals often grew more than in untreated plants.

However, Bruinsma and Swart (1966) controlled the growth ofpotato plants

from tuber buds by giving gibberellic acid and 89 simultaneously.
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The effects of applying gibberellic acid at different concentrations and
times and its interaction with growth inhibitors, are still far from fully
known, but none has yet proved to be useful. However, it might be better to
treat a plant with a gibberellin that oc.urs naturally in it. Gibberellic acid
itself is not a common constituent of most plants but Gibberellin As is;
Wheeler_and Humphries (1963) found when potatoplants were sprayed with
gibberellic acid it was convefted to another gibbe;ellin, possib'iy 45.
. Stimulating the growth of one plant part at the expense of anothi. may
lead to compensating effects later when the stimulation stops. This happens
with gibb€rellic acid and is one reason why it is not uselful. An effective
stimulator should ac.elerate the growth ofall plant parts equally, so that its
effects would resemble those of increasing temperiture on plant growth.
This could be achieved ifthe substance incieased cell divisionin all iarts of
the plant so that their relative growth rates were maintained. Thisieemed
possible with the discovery of the phyokinins, but although they stimulate
cell division and growth in isolated plant parts they havelittle effect when
applied to intact plants (e.g. Humphries, l95g), perhaps because they do not
penltr !e or move easily in the intact plant. Small amounts of some
herbicides (especially triazole compounds) seem to have the desired
properties of a growth stimulator and need further study.

. Increasing leaf growth, especially at first, increases yieid but when crops
b€come dense part of their leaf area is inefficient and uses dry matter that
rnight otherwise have been diverted to increase the economic part of the
plant (e.g. see Humphries & Wheeler, 1963). As already meniioned the
relative distribution ofdry matter in different parts ofa plant is determined
by the environment working through endogenous growth substances, but
the distribution is altered by applying $owth regulators. CCC and 89 slow
growth of stems and leayes and divert assimiiates to other parts. Such
diversion could be valuable in the potato. Humphries and Dyson (1967a)
showed that a potato crop can have more leaf irea than is necessary foi
maximum tuber yield; some leaves contribute little to useful dry matter
production, for Majestic porato plants sprayed. with 89 (5 g/l) ;t tuber
Inrtratron and two weeks later had 20 |o less leafarea than unsDrayed Dlants
at the time of maximum leaf area index. but yielded the same weight of
tubers- 89 speeded tub€r gro\eth and increased the number of tubers-. This
result suggests poteniial uses of growth regulators in potato culture, and in
p.relmlnary lests, Humph es, French and Williams (1967) found that
different potato varieties may respond differently ana tnat yietO increased
more in early than in main crop varieties. Whereas CCC increased tuber
yields of Arran Pilot by 37.1and 89 of Craigs Alliance by 28%,, neithet
9lemical increased the yield of Maris peerorpenttand Dell by moieitran 5)(
(Table l). Whether such effects can be obtained consistently remains to be
seen. Bodlaendg and Algra (1966) found that B9 also increised yield ofthe
varietyAlpha. Shibles and Weber (1966) concluded that converting aslittle as
8 % of the- top vegetative dry matter of the soybean plant to be-ans would
increase yields by about 15%.

CCC hastens tuber growth (Dyson, 1965) and this earlier development of
tubers increases sinks for carbohydrate and increases net photosyrithesis of
the leaves (Dyson & Humphries, 1966; Giflord & Moorby, iSAn. n e
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TABIT I
Efect of the growth regulators CCC and 89 on \ chonge in (a\ total fresh

weight of tubers, and (b) tuber numbet of some potalo varieties

(a) O)
Fr€sh8eighi Tubernumberccc 89 ccc 89

5-745
31 l2 -12 ll
5 28 I 15
4 3 6 l3
75-941

Ulsler Prirce
Arran Pilot
Craigs Alliance
Maris Peer
Pentland Dell

factors determining the number oftubers that a potato variety produces are

not fully understood but it is certain that the potential number is greater

than the actual number. For instance, Niisberger and Humphries (1965)

found that removing tubers caused more to form. In the variety Epicure, 98

tubers formed on a plant when they were continually cut off, but only 45

formed when they were undisturbed. This result suggests that tuber number

can be altered by appropriate treatments and this might have practical

benefits. For instance the potato-seed grower requires the maximum
number of tubers in the seed-size range, and the canner small evenly-

shaped tubers. These requirements are met, to some extent, by suitable

varieties or cultural practices, but growth regulators can also change tuber
size and number. Thus, 89 increased mean tuber number in Majestic by
nearly 307" (Humphries & Dyson, 1967b). In this experiment, seed tubers

of differeni sizes wire planted and, as expected, the smaller seed produced

plants with fewest tubers, but 89 also affected tuber number, so the number
of tubers per plant in this experiment ranged widely. 89 increased tuber

number in some other varieties but CCC did not, and sometimes decreased

the number. The effect of a growth regulator depends on whether it is

applied before or at the time of tub€r initiation.
- 
ireliminary results with potatoes grown in pots show that Morphactin

slows haulm growth, and this has beneficial effects on stolon and tuber
development. Sprays of I or l0 mg/l completely stopped growth of new

leaves ind stimulated growth ofaxillary shoots, especially at the base ofthe
main stem, and increased the leafy stolons i.e. branches originating
beneath the soil and emerging to bear leaves. In the field, with greater depth

ofsoil and more competition for light, these branches might have remained

in the soil and produc€d tubers. Increase in growth activity at the base was

also reflected by greater weight and length of stolons. Morphactin also

increased the number of small tubers (Humphries & Pethiyagoda, 1969).

Efrect of CCC on white mustord (Sinapis qlba)

CCC increases leafiness in some plants-for example length and dry
weightofthe main stemof white mustard decreases with increasing amounts

of CCC, lrhereas leaf weight may increase. The net effect of moderate

amounts of CCC is a greater total leaf area (Humphries, 1963a), a good

example of how a growth regular may be used to increase the us€ful part
of the plant (leaf) and decrease the less desirable part. CCC and 89 also
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delay the decrease with age in total-N and protein-N of bean leaves,
probably because the shoot grows more slowly and demands less nitrogen
(Humphries, 1968a).

Effect of CCC rnd gibberellic acid on sugu beet

CCC hastened leafproduction by sugar beet and gibberellic acid slowed it.
Both changed the shape of the crown of the plant, CCC flattening it and
gibberellic acid elongating it, and this change was associated with;he rate
leaves were produced (Humphries & French, 1965). More leaves on the
sugar-be€t plants did not affect the dry matter produced because they were
smaller; nor did the fewer leaves of plants treated \yith gibberellii acid,
because they were larger and persisted longer than on uitreated ptants.
The result_showed that dry weight can depend more on size and longevity
of leaves than on total number of leaves,

_Although CCC hastened leaf production of sugar beet, it had no such
effect on potatoes or cereals. When CCC wai applied. to sugar_beet
seedlings with only two leaves, its eflect persisted for ihe rest ofthe-season,
as do the effects of environment in which sugar-beet seedlings are raised,
(Humphries, 1966; French & Humphries, 1969; Humphrie-s & French,
1969a, 

.1969b). Suitable growth regulators might chinge the relative
proportions of plant parts in the same way as environmeni does. If thjs is
done at an early stage it may be possible to increase yield in other plants
with.organs that store carbohydrate (Humphries, 1969i. For example, CCC
applied to sweet potato (Ipomoea batatis) grown in pots incriased. the
w€ight of lubers. Possibly some growth subsiances may also increase net
photosynthesis in leaves, for there is evidence that the leives of susar beet
do not always photosynthesise to full capacity.

CCC and cereals

Up to now the growth regulator most studied on cereals is CCC. Soon after
it was described by Tolb€rt in 1960 it was used to prevent lodging of cereals
and many papers show its practical value (see Humphries, l96ib):Although
its main efect is to shorten and strengthen the stems, and so lessen losses
caused by lodging, it has other efects thal increase yield.

_ 
In the fust experiments with CCC on wheat on Rothamsted farm in 1964,

the untreated crops did not lodge, but CCC increased grain yield by
2 cwt/acre_mainly by increasing the numb€r of ears; a delrease in grain
size_by CCC-was oflset by more grains/ear (Humphries, Welbank & fitts,
19.65a). t-eaf area index of sprayed plants wai TC+BO% of unsprayed.
With less leaf mor€ light penetrated the canopy ofoops spiayea wiU CCC
than ofunsprayed crops, and at first rhis walihoughtio be tle reason why
more shoots survived, but later experiments did not support thii
explanation.

In the -following years, experiments were done mainly to see how CCC
affected lodging and-yield of crops given different amounts of nitrogen
fertiliser, spaced at diflerent row widths or irrigated. Some experiments also
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studied the effects of CCC on leaf area, the number of ear-bearing shoots,
grains per ear and grain size.

SDrcing experime s. In 1965, spring wheat, Opal, was sown in rows 4 in.
or 8in. apart at usual and twice usual seed rates, with 0'5 or l'ocwt
nitrogen/acre. Yield was slightly increased by CCC at 4 in. spacinS, but not
at 8 in.; however, the interaction was not significant (Humpkies & Bond,
1969a). Yield was less with the larger seed rate, although it increased leaf
area duration after anthesis.

Similar results were obtained in 1968, when CCC was tested on both
winter wheat (Cappelle) and spring wheat (Kolibri) grown at different
spacings. Nitrogen fertiliser was applied at 0'8, l'6 or 2'4 cwt N/acre' The

winter wheat did not lodge and mean yield of grain was 28'8 cwt/acre;
closer spacing increased it by 0'9 cwt/acre and spraying with CCC increased

it by l'9 cwt/icre, but there was no indication that CCC had a greater effect

with closer spacing.
The mean yield from Kolibri was 3l'8 cwt/acre and closer spacing

increased grain yield by l'3 cwt/acre, spraying with CCC increased it by
4'7 cwt/acie but, as before, there was no interaction between CCC and row
width. Thus, although the shortened shoots of CCC plants allow more

light to penetrate to the base of the plants (Humphries, Welbank.& Witts,

li65b), ihis seems to have little effect on yield (Humphries & Bond, 1969b).

Irrigation exlrcriments. In 1964 and t965, Ccc-treated plants pulled by
hand from tlie soil had more attached roots than untreated plants. Hanus
(1967) found that CCC usually increased the amount of wheat roots at all
;oil depths. Others have reported similarly and it can be accepted that CCC
usually makes root systems larger, especially of spring wheat, whose stems

are shortened more by CCC than are stems of winter varieties. The

enlarged root suggested that CCC may increase yield by enablingshoots to
avoid water stress during the period near ear emergence, so that more

survive to produce ears. CCC increases tillering of wheat growing in pots
(Humphries, 1963b, Tolbert, 1960);but in a field crop, where.comp€tition
causd many tillers to die before maturing, CCC presumably increases the

number of iertile tillers by allowing some tillers to survive that otherwise

would have died. Humphries, Welbank and Witts (1965b) showed that the
shoot number ofan untreated crop declined from about 700/mz in mid-May
to 450/m2 at the end of June. The survival of an additional 20 ears/mz

would increase grain yietded about 2 cwt/acre (Humphries, 1968c). The

dependence of yield on the number of ear-bearing shoots per acre is

illustrated by reiults obtained in 1966 from the Woburn Irrigation Experi-
ment (see Fig. l, wbich shows the partial regression of yield on shoot

number at coistant ear weight). Yields ranged from about 25 cwt/acre with
300 shoots/mz to about 50 cwt with more than 500 shoots/m2'

Soit moisture deficits at Rothamsted for the 3 weeks after ear emer-

gence, calculated by Penman's method, were more thatr 2 in. in 
-1964 

and

1966, *hen CCC increased yield, but less than I in. in 1965 when CCC

had no effect on yield of a normally spaced crop. The conclusion that
the enlarged root system of CCC plants is inlportant in drought was
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Shoots/m,

l9Frc. 
l. Paflial regesriotr of yield ofl shoot number. Wobum Irrigation Experiment,

further tested in 1966 on the Irrigation Experiment at Woburn Exper!
mental Farm by spraying half of each irrigited and unirrigated plot of
spring-wheal with 2] lb/acre CCC at 5Jeaf stage. The .*iiri..it ut.o
tested N at 0.4, 0.8, 1.2 or I .6 cwt/acre in all com-binarions *itn CCC ura
irrigation.

. Both irrigation and CCC increased gain yield, but CCC had no effect on
irrigated plots and the effect of inigalion *u, i.r, on plot. ipi"v.a *i,f,
CCC. On plots receiving 1.2 or 1.6 iwt N/acre, CCC inireasj gr'ain yielO
by 6 cwvacre, and irrigarion, by l0 cwtfacre,' mainly by in".iuring 

"u.number (Humphries, Welbank & Williams, 1967; Humpiries, 196g;). ln
an identical experiment in 1967, irrigation increased yield but Cbd Uio not,
possibly because_the dry spell in June and July was longer ttran ln fSOO.
Root sampling showed that CCC without irrigation inireased total root
weight by t4l, and, ir the subsoil (25-60 cm) u;v lz Z, uui u"rv iitif" *,tn
irrigation (Hurnphries & Bond, I969b). Thus,' CCC' increasJd-it 

" .oo,
system most in the subsoil, where water would not be lacking during a brief
dry spell but might during a longer one.

Interaction of CCC Tith nihogen supply. Several experiments were made to
test rhe possibiliry that shorrening the straw ofa whiat crop with CCC may
all9w.]1g_el N dressings to be given and the yield increasid. more withoui
rrsk ol'lodging (Humphries & Bond, 1969b). In 1966 at Rothamsted, Kloka

l4l

a
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wheat was given 0, 0'8, l'6 or 2'4 cwt N/acre. Plots without CCC did not
Iodge, even with 2'4 cwt N, but CCC increased grain yield by an average of
2 cwt/acre as in 1964. Tests on grain from this experiment (Evers & Kent,
1968) show that CCC did not affect protein content. In 1967, when both
winter (Cappetle) and spring rvheat (Kloka) were given the same amounts of
nitrogen as in 1966, CCC increased yield of Cappelle without N by
12 c*,llaqe but by only 0'6 cwt/acre when N was given. The increase in
yield with CCC came mostly from more ears and more grains 1xr ear,

offset to a small extent by smaller grains. More grains per ear is a usual

effect of CCC but the cause is still in doubt and requires further investiga-

tion. That the slower development of Ccc-treated plants allows more
grains to form seems the most probable explanation' CCC did not.affect

lrain yield of Kloka in 1967 and the maximum yield was obtained with
0'8 cwt N.

In 1968, more experiments were done with large N amounts, both on

Cappelle and the niw spring variety Kolibri; for the first time we could

asslis the benefts of CCC in conditions favouring lodging. Lodging
occurred on all untreated plots of Kolibri, in amounts that increased with
increasing N. Spraying with CCC increased the mean yield of grain by
4'7 cwt. Larly lodging on untreated plots caused slower development of
grains than on treited plots, so by delaying and decreasing lodging CCC

increased grain size. It makes grains smatler in unlodged crops. There were

also morc grains per ear on Ccc-treated plots, so more, larger grains

account for the increased yield. Cappelle did not lodge and CCC increased

yield only with l 6 cwt N, by increasing the number of ears.

TABI,E 2

Summary ol results o/ CCC experiments 196'149; Rothamsted and
lltoburn

Yield
cfi/acre

Nil ccc s.E.
sw 39.7 4r-9 l.2l

sw 32.5 31.1 0.89
sw 31.8 33.8 0.71sw 31.s 43.5 0.86sw 45.8 45.8 0.65ww 56.1 @.8 1.32
ww 54.9 59.0 1.00sw 4.7 44-9 0.84
sw 32.t 39.2 0.45ww 27.8 29-7 0.50ww 37'4 ,10'5 0'53

Year
t964 R

l%5 R
1966 R
1966 W
l7 R
t7 R
1967 R
t1 w
1968 R
1968 R
1968 R

variety
Phoebust

Opal'
Kloka*
Klokar
trOokai
Cappellei
Chanpleir'
Kloka'
Kolibril
Cappellet
C'hamDleint

Mean of
3 N amounts atrd
2 CCC amounts

I cwt N/acre
4 N amouots
2 N amounts
4 N amoutrts
4 N amouots
3 sprayhg dates
4 N amounts
3 N amounts
3 N amourts
2 N amounts and

autumn and spdng
spray of CCC

Mear 40'0 42'9

R : Rotharnsted

sw : Sprhg wheat
ww : winter Wheat
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t sliehtly lodsed
t severely lodged
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Table 2 summarises the results of experiments on wheat at Rothamsted
and Woburn between 1964 and 1968. In ten out of eleven experiments
CCC increased yields. In some experiments yield was increaied when
no lodging occurred on untreated plots, in othars the yield was increased
because lo_dging was delayed or prevented. The mean increase in yield by
CCC in.all experimenrs was 7oo. There was no evidence that yLtds in-
creased by giving more than the usual amount o[ nitrogen when CCC
was applied to prevent lodging- I have done no experiirents in which
CCC was. mixed and applied with herbicide spray,'but this has been
shown-to be_a practical procedure, and the extra iosi of CCC is ihen only
that of the chemical. The Rothamsted results suggest that the use of CCC
would have been profitable in most years.

Effect-otr shert diseases. In spite of modern sdff_strawed varieties, lodging
often limits grain yield. The likelihood of lodging is lncriaseO when ttre
eyespot fungus, Cercosporella herpotrichoides, iniades and weakens the
base of straws. CCC increases the-resistance of infected 

"rop. 
to ioOging,

but opinions differ on how it acts. Some claim it a""."ar.. tti in"iO"n"" of
the disease, others that it acts merely by strengthening tfr" .i.u*r, ,o
experiments were done at Rothamsted to tiy and rlsotve ti" 

"onni"i. 
fo 

"nexperiment with the susceptible variety Squirehead's Mast.i gror"oi. po"
(Slope & Humphries, 1966) CCC appiied to the soil lessen"J fi" 

"u*U", 
of

lesio_ns by the fungus but field experiments done in tt reelear" t ave not
confirmed this-eflect. In 1966, CCC did not alter ttre numGi oi eyespot
lesions on Rothwell perdix but it prevented lodging. In reOi Cir*irpGi"
winter wheat was sprayed with CC- at tne f_Ufitaie, tfre S_teaistuge ana
the Glaf srage. CCC had no eflect on severity ofleslom Uri uitr,oug"f, onrv4l of the unsprayeg crop lodged, it increaied Vieta UV + c"tiaci8. fven
when the crop of Champlein was treated wittr CCC'ln uuiunl".'runa,
eyespot is most likely to spread, there were as many lesions as on spring
I:i.{.?r unrreated.ptants._(Stope, Humphries & Eiheridge, t969). ihu;
CCC did not affect rhe jncidence ofeyespol or the severity-oi its leiions. It
lecreallldgine ofinfected crops as ofuninfected crops 6y.t 

"ii".i"g 
tn"

straw. CCC is said to increase the incidence of ear diseases iuch as Sertona
culmorum and, Fusarium in some climates, but this has roi U."n criitufty
studied.

Semidwarf wheats. Dwarfwheat varieties that are less likely than taller onesto lodge may make the use of CCC unnecessary. Ho*Jr.., CCC coulObenefit the yield of dwarf cereals by increasin! the -oi'wriem ana
i ncrea,sing grains per ear, just as it doeji, 

"rrr"nt 
ul.iiii"r.- rn u'triui'aon"

rn lyOO wrth several dwarf wheats grown in pots, CCC at a dilution ofI in 200lequivalent to 2lblacre) shortened the straws oiufiLut -"-of tf,"
vanetres and none as much as of Opal or Kloka (Table 3). However,
effects in field crops have yet to be tested.

Efr€ts on barley atrd oats. A treatment that shortens straw would be useful
:--,:! .b1il.I wtich is more. susceptible rhan *t.ut to Ioagio!, Uut -unyexpenments at Rothamsted and elsewhere show that CCC-ha; Iiftle etreit

t43

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 145

ROTHAMSTED REPORT FOR 1969, PART 2

TABLE 3

Efect of CCC on stav lenglh ol some semi-dxarf vheat varieties (cm)

Sraw lenglh

CCC Untre.ted untreated

843-6 49 7 59 4 83

u3-7 47 4 50'4 94

Caino 43'4 46 5 93

Cfit"an tfSzf 3O'2 28 0 105

tr,iiiic" izo 24'6 28'o q!
Nsj iis 41'6 st'4 8!
ircii EEr 44'7 50 9 8!
irDr;x" 6t'2 64 0 2qo;;i 44'3 @'2 74

i6i. 44 6 s7 5 17

on barley. In tests with six varieties grown in pots, CCC shortened the

shoots oi the old long-strawed variety Plumage Arcber but not of-Proctor'

lni.ii. n"ag"., Euroia, Cambrinus or lmpala (Humphries, Welbank &
witts, 1965;). whethir the lack ofeffect is because CCC does not penetrate

into iire plant reaaily, is not translocated, or is metabolised once- inside the

itr.tt- *". not O"t"rmined. When dimethylsulphoxide, which aids penetra-

[ion of chemicats into plant and animal tissues, was added to CCC spray'

the mixture shortened 
-barley 

plants grown in pots in the glasshouse more

iii", CCC spray alone, suggesting tbat more CCC entered the. plant'

iio*"r"t, *hin the ears weie ripe, the plants treated with CCC alone or

ion"tt 
"i 

*itt, dimethylsulphoxide were nearly as tall as untreated plants'

iff;; result was obtained in the field; soon after spraying, plants were

.t oii"r U"t afterwards grew faster than untreated plants (Humptries &
wilii".;, 1968). The frduncle and highest intemode at maturity were

l;r;;; sprayed than unsprayed shooti, but the lower intern-odes' which

""r? "f."g'"titig 
when spriyei, were shorter (Humphries, 1968d)' Why

Uuitypfuitt t.Lt d with CiC eventually grew faster than untreated plants

i, oot'fnolrn, urrt the effect suggests thaiCCC may increase the gibberellin

""rt"ri "f 
barley. Apparently if enough CCC can be -maintained 

in the

U"A"y ptont tt 
" 

tlf,ortining acliieved is comparable with that in wheat' Thus'

i"ri"1'Gozi *ho tptuyld successively ai the 3-leaf, 5-leaf and flagJeaf

rtug"r .ipot["d that-stems were shortened by 251 and lodging was pre-

nlni"o. s'uo""in. sprayings are neither practical nor desirable-because of
if," iiit ofin"."u,ing traimful residues in the gain' Stoy 0968) shor ed that

t.tr"pfoia .y" ,"tpo-ndt to CCC much more than diploid sJrains' So geno-

iro. it o.ouuulv conctrned with response of cereals to CCC, but perhaps

i'fllt ii-oi,rv o pri of the problem beciuse I have shown that strains of wheat

iiiul ur" ,in.":rpo*lve ii the hot climates of Egypt and Kenya show the

exDected shortening when tested here'- ''f. 
t-t,..i., ou, ttiaw would be very valuable. for oats are very susc€ptible

,o ioalirg, but unfortunately CCC is not a general help because it afects

"ni, 
i-o.? nra"ti.s (Humphries, 1968b). When tested on the responsive

;;;idil;;a;"'t in lso'8, given 0'5, i'0 or l'5 cwt N/acre, the effect of
zi.,i3 tulu"r"bcc was to shorten strawsby ll\ or 'l5l resp€ctively; the

"frJ O*r."*O with increasing N supply. Slight lodging in July on plots
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given 0.5 cwt N/acre was decreased by spraying with CCC, but plots with
more N were severely lodged whether sprayed with CCC or not. On plots
with 0.5 cwt N/acre, spraying with CCC at 2+lb or 5lb/acre inueased
grain yields 2 cwt and 9 c*t/acre respectively, mainly by increasing grains
per panicle. With more N, CCC did not affect yield (Humphries & Bond,
1969a).

A_ new growth regulator 'Ethrel' (2-chloroethylphosphonic acid) was
tested on barley and oats in 1969. Plots of each crop spriyed with I lb or
2_lb/acre ofactive ingredient at 5-6 leafstage lodged iooneithan unsprayed
plants but yields were not affected.

Efr€ct of growth regulators on ffeld beans

The first growth regulator experiments on field crops at Rothamsted were
dore by 

-Moffatt 
and Hill (1960) between 1955 and 1957. They tested the

effect of 4-chloro-phenoxyacetic acid and c-(2,4,5-trichloiophenoxy)
propionic acid at 5 ppm on set ofpods of spring-sown tick bea;s (Zr.;
faba_var..m-inor). Two applications of the propionic acid decreased yield in
1955 and four applications of the phenoxy icid increased it in 1i56. In
1957, it increased flower set on dunged plots and decreased it on irrigated
plots.

In trials on field beans (McEwen, 1969), CCC did not shorten the stems
and lessened yield by 1.9 cwt; 89 greatly affected growth and shortened
stems by as much as 30 f, depending on time and arnount applied. A single
application in early June was most eflective. However, nl afected yielAs
inconsistently; without fertiliser nitrogen it increased yield by ibout
2.5 cwt in 1966 and 1968 but decreased it by 2.1 cwt in i967. Tf,e main
effects of 89 were to increase the number olstems and pods yrr acre and
Iessen 1000 bean weight. Plants given 89 in 196g produced. half a milion
more beans per acre than untreated plants.

Conclusion

Applying chemicals to crops to alter their character and make them better
able to withstand adverse conditions, or to alter their growth to produce
more ofthe useful parts, is a new departure in agricultura but the su-cless of
CCC on cereals shows promise of future practical benefits. The search for
gowth-regulating chemicals has been intensified and there are now several
prornising sqapognds that warrant thorough testing. Experien@ with CCC
and other growth regulators shows that when a chenical is selected for a
particular property, such as stem shortening, it is soon found to have other
apparently unrelated effects. For instance, CCC usually also increases the
number of grains, stem diameter and the root syst;m in wheat. Such
multiple eflects make it important that each growth-regulator be tested on
many species in different conditions.

- It would be an advantage if a regulator also controlled pests and. d.iseases,
but the claim that CCC lessened eyespot disease of wheat has not been
sustained, and it is now c€rtain that it decreases lodging because it
strengthens infected straws.
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There are other ways in which chemical regulators may aid crop produc-
tion in the future. We still know little about the causes of flowering. The
productivity of some crops, e.g. cereals, delrnds on time and amount of
flowering, and perhaps suitable chemicals will be found to hasten flowering
and seed set and shorten the crop cycle.

Little attention has yet been given to shortening the time a crop occupies
the ground. Chemical regulators may eventually enable us to grow more
crop in a shorter time. Yields of some crops in this country are limited by
the length of the growing season. Potato plants for instance are easily
frosted and a treatment to increase resistance to cold could increase yield
by allowing earlier sowing. Both CCC and 99 are said to increase frost
resistance of plants, including potatoes, but so far there is little reliable
evidence.
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Rhizobium in the Soils of the
Rothamsted and Wohnn Farms

P. S. NUTMAN and G. J. S' ROSS

Inhoilrction

This DaD€r reDorts counts made of root nodule bacteria in the classical

n.iJ J*p..i."nt. ("xcept Broadbalk field' the results for which were given

ii irrtl of no*instei Report for 1968), in the long-term fallow plots and

in fields where legumes have been inoculated' Some other counts are

ru.-u.ir"a in rhJ Rorhamsted Reports for 1960 (p' 68'), for 1962 (p' 79)

and for 1965 Gt. 86).-'ii".l"r 
of tiarle bacteria cannot with certainty be identified-by cultural

"f,uiu"t"ii.ti"t 
and so counted by plating' Enumeration depends on

tf," noauUtio, of an appropriate host, grown in a sterile- medium' from

ino"uio oi soiuffy diluted samples of soil' The estimate of the nurnber of
;;d-;l.r l;1h. oiiginal sample is then obtained from the distribution of
.oJuiuiJpf"nt. in-the test, ind rests on the assumption, verifed by.experi-

tn"nii 
"iiri 

pu." cultures (bate & vincent, 1962), that a single cell of the

"ooio*1"t"',Ur"o6r'ur 
introduced into the plant culture can sumce to

pl6aol roOur.t. fechnical details and cultural methods are given by Date

and Yincent (1962).-'-5"riui-aitution. 
"sed 

as inocula usually differed by a factor of l0' but

";i*"11, 
by 4: 24 replicate samptes of soil were used and each

;ilr.r,i;; wis inoculated to )-4 plunts. Because test plants are sometimes

^ii""[ea 
Uv funsi introduced in the soil suspension, each plant culture was

"i"iiGLO "'t 
+ inodulating)' - (not nodulating) or-blank.(dead orseverely

;;;;;), andlhe maxirium likelihood method for estimating the most

i.oi"lf" ru.*t of bacteria (MPN) in the original suspension was modified

ioia[e account ofblank readings. In the tables and figures results are given

". 
i.""titft.. (base l0) of nu.b"t. p"t g dry soil' Variances, of the esti

-"i"E f"n deniities haue two independent compooents, the dilution series

;;;i;il;rd the sampling variance. The dilution series variance depends

-.intu oo the dilutio; factor and the number of tubes per dilution, and

iI. inio trU"t in a tenfold dilution series averages 0'15' although the

"uilun"" "r,"e"at 
tnis figure if some plants die' The sampling variance and

oiiuiio, se.i". uutiancelombined can be estimated from the sub-plot error
ir'. ."rri*i"a trial, which for Broadbalk over the four species averaged

0'30; risults for Barnfeld were similar (0'28)' Where the range of dilutions

"t 
or"n .i.."0 either the starting or end points for nodulation' numbers

"i" 
gir"n ut f"'tn"t than, or more than, specified values' The counts recorded

ur ri.o ln the tables are to be interpreted as fewer than one organism per

Ot g iry ..if. Rhizosphere counts are related to the dry weight of the soil

adhering to the roots.
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The four common spcies of Rhizobium found in arable farmland were
separately counted by using different test legumes: v'a Yicia hirsuta for
Rhizobium leguminosarum, Trifolium pratense for Rhizobiwn trifolii,
Medicdgo satiud or M. lupulina for Rhizobium meliloti, and Lotus cornica-
ldtus or L. uliginosus for Rhizobium lupini.

Test plants were grown on a N-free mineral salts agar medium (Jensen,
1942) so that their growth can be used to estimate the effectiveness with
which the most numerous representatives of the bacteria present fixes
nitrogen. This estimate may be affected by other soil micro-organisms
introduced in the soil suspension and by the presence of both eflective and
ineffective (non nitrogen-fixing) nodules on the same root. For this reason
effectiveness is best judged from plants nodulating with the most ditute
inoculum or by supplementary tests using bacteria re-isolated from single
nodules taken from such plants.

Barnfield

The 0-l in. soil layer was sampled in February 1967 before Barnield was
sown for the first time to field beans (Vicia faba). To count R. legumino-
sarun and R. trifolii four samples of soil were taken from each of the
original plots (see Table l). Two of the samples were taken from each half
plot sown in the previous year to mangolds (a) or potatoes (b), one from
the sub-plot given no fertiliser (N6) and one from the sub-plot (Nr) given
1.8 cwt ammonium sulphate per acre (except in the 0 and 3 strips which
were not subdivided for the nelv fertiliser dressings). R. lupini and R.
meliloti were not counted in the samples taken from the Nr sub-plots.

The beans sown in Barnfeld after February were inoculated witl a peat
culture of Rhizobium legurninosarum from Dr. D. A. van Schreven,
Kampen, Holland, except those for strip 3 which were sown with un-
inoculated seed. In May 1967 bacteria in the rhizosphere and soil (between
rows) were counted in duplicate samples taken from the 3 and 8 (no
PKNaMg) and 0 (no nitrogen fertilisers), and A (amrnonium sulphate)
combinations only, and from winter beans growing in the neighbouring
allotment field.

Table I shows the average numbers of the four Mizobium species for
each plot, combining (a) and (b) and (N6) and (Nr) sub.plots.

Rhizobium trifolii ar,d R. leguminosorum were about equally frequent,
with average numbers per plot ranging several hundredfold. R. tupini
and R. meliloti were very scarce; many samples contained none and no
sample contained as many as 100/9 dry soil. Analysis of variance showed
significant differencrs between plots of each series (l-8 and O-C) and a
highly significant interaction between series. FyM seemed to decrease
numbers, and nitrate and ammonium sulphate to increase numbers more
than did rape cake, but b€cause there is no true plot replication the
interpretation of these effects is uncertain. The analysis also showed no
effects of previous cropping or of supplementary dressings of nitrogen
fertitiser recently applied.

Rhizobium numbers were quite unrelated to the long-term mangold
yields, which ranged from 3 to 28 cwt/acre (Watson & Russe[, 1143)
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and so provided very different amounts of roots to indicate any rhizo-
sphere stimulation.

The rhizosphere counts on the frst bean crop grown in this field showed
that large populations of R. leguminosarum developed rapidly in the root
zone, where numbers resembled those in the adjoining allotment field
where beans have been frequently grown. Inoculation had no effect otr
the. rhizosphere population but slightly increased the soil population,
indicating that some of the peat inoculum was introduced into the inter-
row soil.

No isolates were taken for separate tests of the effectiveness of the
bacteria,in fixing nitrogen but the responses of the plants used in the
co '.nts. showed that fewer than 5l of the most numerous bacteria present
of R. leguminosarum and, R. lupini were ineffective \yith yicia hirsita and.
Lotus comiculatus respectively. However, 15,% of the clover bacteria and
abotrt 20'% of the medick bacteria were poorly effective or ineffective with
Ttifolium pratense and Medicago sativa respeitively.

Iang-term bare fallows

Continuous fallows were begun in 1960 in secrions of Hishfeld
(Rothamsted) and in 1959 in Stackyard (Wobum). The site on Hiibfeld
was ploughed from permanent grass, the Woburn site from potatoei after
an arable sequenc€ without legumes since 1944.

Counts \f,ere begun at Woburn in June 1960 and at Rothamsted in
December 1960. Because numbers in the surface (0-l in.) and sub.surface
Q-4_ in.) soil were similar, counts for the two samplej were combined.
Table 2 shows th€ logarithms of the mean numbers fer g dry soil at each
time, of sampling. Initially numbers of R. t ri/olii a, i. leiumiroraru^ were
similar in the two fields but there were morc R. meliloi at Woburn than
at Rothamsted. During 1961, which .r as very dry during early summer,
numbers fell sharply, especially of R. meliloti at Woburn, bui later the
rates of decline of each species were less; at Rothamsted numbers of
R. trifolii and R- leguminosarum tended to fluctuate rather than decline.

At Wobum R. trifolii remained slightly more numerous than R.
leguminosdrum whereas at Rothamsted R. trifotii was constantlv about
100 x more abundant tharr R. leguminosorum. In both fields the X.
meliloti were few. Many samples from both sites taken since 196l con-
tained no recoverable cells.

The increase in the numbers of R. trifolii ar,d R. leguminosarum im-
mediately after the drought in 196l and in 1963 may havi been caused by
leguminous and other weeds that grew when cultivitions were impossibli
because of soil conditions (at Woburn 8 cultivations were done ln 1960
and 1961, 4 in 1962 and 3 in 1963). The possible effect of weed growth was
examined in soil sampled from the plots in August and December 1963 into
pots, and kept moist. R. ttifolii and, R. Ieguminosarlrm were counted in
the soil and -in the rhizospheres of some of the weeds that developed (and
in the rhizoid zone of the moss layer that formed on some of tire pots).
Table 3 shows the logaritbms of numbers in the rhizosphere and the
ratios of numbers in the rhizosphere to numbers in soil (R7S)- Fifteen of

l5l

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 153

ROTHAMSTED REPORT FOR 1969, PART 2

lll

::o

oro^ \o\o^

d;; <.r

-O!t :

.l .\r ovvE
E

e$l Ill k
cg
.,,

or'6 \o o\o6 O.l a- hc{
h6o :c.lo

VV

+ t!.1 66\-6.{ t 6\0a
noo ;o:h.8

is
Z2

q

sgse
.r i{nSg
'l-ll-El\ A<.:Ei*E

!9a
rJ '-,r

E

3
N
E

.o

ts

i=
z2

.5G

E8

ri8
69 ilt

F a.r <i \otfi

T9!

otid E._. E._
lE Es *s Fs
i.s*iE 3t"iE
x!!! F!!tE.!.!.! /l.! s -!9r.5-6-6 '.O.6.O
iE{.E< =.r "r -rt<a<< 6c<i(;,>

157

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-4 pp 154

RHIZOBIUM IN SOILS

TABLE 3

The stimulation of Rhizobium trifolii azd R. leguminosa rum in the
rhizosphere of weed species in Woburn dnd Rothdmsted fallow soils

Irg estirnated no./g dry rhizosphere soil atrd iatio of numbers io
rhizosphere (R) and soil (S)

Expe ment I August, 1963
Rothamsted U ica ureis

Poa annuo
Woburn Gnapthaliumulhinosum

Poa antua

Experiment 2 December, 1963
Rothams(ed SrellarianEdia

Medicago lupulina
Most rhizoid zoneWoburn Spergularia sp.
Moss thizoid zone

Rhizobiton tifolii
Rlizosphere R/S

5.65 l45.,18 < I3.t6 <I
3.50 2

4.15 35.82 675.31 2t4.58 27
4.4' t9

Mi z o b iln I eg umiio s ot u t, t

Rhizosphere R/S

5.04
4.48
4.88
2.17

2.8s
3.17
3.29
2.47
t.a

180
50

6300
l2

l0

28
1

<l

the eighleen R/S values were greater tban unity, and in most comparisons
the rhizosphere effect was appreciable, indicating that some planis other
than members of the Leguminosae stimulate the;ultiplicatio; of nodule
bacteria. Most n. fifolii \ ere folufitd among the roots oi the single medick
plant that grew in th€se pots (which, howiver, was not nodulited, indi-
gting the absenc€ of R. meliloti). Most R. leguminosarum was found in
the rhizosphere of Urticd urens. Thzt seeds of leguminous weeds are
scarc€ at the Woburn site was also shown by Thursion, who found only
three viable seeds each of Medicago lupuiina and. Tiifolium repens in
30/Kg of soil sampled between 1960 and 1962, and none in 1963 (personal
communication).

Miscellaneous counts in anbte fietds

Table 4 summarises counts of X. leguminosarunt ald, R. meliloti m de in
fields before starting inoculatioo experiments.

R. kguninosarum. This species occurred in all fields sampled, but
numbers were very few in the acid soil of Sawyers III, where bians were
not known to have been grown before. The rhizosphere of young bean
plants during early spring (in Delafield and Great i.ield I) aiead-v con_
tained as many bacteria as recorded in the much older plani.s rhizoiphere
(Table l); numbers in soil under cereals after beans we;e about one-tenth
as large as in the bean rhizosphere.

R. meliloti. In fields growing good trefoil (Stackyard A in 1960 and
Stackyard C in 1962), R. meliloti was abundant, specially in the rhizo_
sphere.

Butt Close field, which is not known to have been sol*n to trefoil but
probably contains medick weeds had a small population of R, meliloti in
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TABLE 4

Miscellaneous counts

A Rhizobiu leguminosarun

Field atrd history
Delafield

Gr€at Field I
LoDg Hoos III
Great Field II
Butt Clos€
Sawyers lll

B Rhizobium neliloti
Wobum Srack,.ard A

Wobum Stackyatd C

Butt Oose

Sawyers I

Feb. 1962. Io wht€r beaas after four
v€aJs ceftals

Feb. 1962. Lo winter beans after tr{o
veaii bcatrs

F(fo. 1962, Io cerEal after spring b€atrs
Feb. 1962. I[ cereat after spring beans
Feb. 1962. After spring beans
Feb. 1962. No record of bcans

Oct. 1960. ln weu esrablished tFfoil
(Medi@go hqulba\

Feb. l'962. In tEfoil

Feb. 1962
Cofla8p eod

Irrigai'ion end

No record of sown legum€s

Estimated
log Do.

RhizobiumpH pct I soil

... 6.79

... 6.36
7.8 5.(B
7.3 5.79
6.9 5-19

5.8 1.76
5.8 2.O7
5.6 2.23
5.6 r.15

... 7.85*

.,. >7'87'

... >9.16t

... >7.22.

... 5.31

... 4'00... 4'37

... 5.06

6.7 3.18
6.6 1.4
6.7 3.23
6.6 l-15
6.9 2.77
6.9 3.2
6.9 2.33
7.1 3.59
4.9 0
5-r 0
5-2 0
5.1 0

1962. The field was slightly less acid at one end than the other, and popula-

tions were larger in the less acid areas.

Counts were made in Stackyard C and Lansome fields in 1960 to
investigate the poor establishment of trefoil grown from uninoculated
seed in land not previously known to have grown trefoil. Soil from plots
in the experimenl growing ryegrass contained either none or very few

R. ntelitoii, but thC rhizosphere of the trefoil contained R. meliloti in
numbers ranging from fewer than 100 to more than 100 million per g of
dry soil. Stackyard C seemed to be more favourable than Lansome to the

batteria and io nodulation. Numbers of nodules were correlated with
rhizosphere populations at Lansome but not at Stackyard C, and in both
fields neithei nodules nor rhizosphere populations were related to vigour
of growth of the plants. The poor growth ofindividual plants rvas probably
caused by late, and consequently ineffective, nodulation from the small

scattered population of R. meliloti present in these fields, and did not recur

when inoculited secd was sown (Rothamsled Report for 1962' p.19).
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Wobum Stackyard C Oct. 1960. Not knowo to be sown Dre-
viously to trefoil. In ryegrass 

-

Itr tr€foil (nor inoqdlt€d). Wel-grown
plants

lo trefoil. poorly-grown plants

Wobum Lansomc Oct. liio. Not koowD to tE sown fis-
viously ro t Efoil. In ryegrass

In trefoil, Well-grown plaots

In befoil. Poorly-grown plants

+ Rhizosphere coutrls; remainder soil clunts
Eaah soil count mean of4 or 8 samples
... - no ottserval roDs

TABIE 4 (contitued)

Miscellaneous counts

RHIZOBIUM IN SOILS

No. of Estimated
nodules log no.
on pl,nl Rhizobiatu
sampled per g soil

0
0.78
0
1.36

> 6.45.
6-19.
7.85.

>6.57.
3.36.
7.85.

> 8.50r
> 8.60.

... 0... 0... 0... 09 2.80.5 6.m.
0 t.43.0 3.96.
I 4.57.
0 3.36.

30 >9.m.
2 4.79.

a
6

50
90
0

58
50
36

Gar.den Clover

The garden clover plot, measuring 8 x 12 ft, was establisbed in lg54 to
grow red clover continuously on rich garden soil at Rothamsted Manor.
The equivalent of more than 20 tons/aire of green matter was harvested
per year from this plot at first. But yields then declined, sometimes to less
than I ton/acre. and for many years the ptot has been resown or partly
resown-annlally. The plot or part of the plot has been given dressings jf
lime, fertilisers (including molybdenum) and treated- with formilin,
carbon bisulphide, clover nodule bacteria and soil extract but without
appreciably increasing yields.

Two_soil samples were taken in February 1967 from the sub_plot given
molybdenum and not treated with formalin. These contained averagis of
154 000 cells tsr g dry soil of R. trdolii, 9 cells of R. leguminoiarum,
(capable of fixing nitrogen on T. pratense and Vicia lrrisara" respectivelyi
and none ofR. /rpini or R. meliloti.The numbers ofclover noauli tlcterla
have. probably been sustained partly by inoculation and partly by the
continuing presence of the host, and the poor growth of clover cannot be
attributed to lack of effective bacteria.
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parl Grass

Samples-were taken during the winter from the limed and unlimed sectionsof certain of the plots given no manure or given nitrogenous, lninerat
or_organic fertilisers (see Table 5). Each sample consistjd of either the0-l in. (surface) or 3-4 in. (sub-surface) parts of t"n traf incn toies taten
i, IT!3;n-f..T *ch sub-plot. The ten part_cores were mixed and duplicate
z-J g sub-samples taken for counting-. In addition, some plots were sjmpled
to a depth of 12 in. and samples oi clover rhizospheres ,"e." irt"n f.orn
ptots contatnlng clover.

Table 5 shows the numbers of the four species of Rhizobium in the sur-
facc and sub.surface soil samples and in ihe .rou.i .ilio.prl.i" irl, uno
also the occurrence and relative abundance of tte I"gumin6us 

-splies 
in

each plot and the pH of the 0-3 in. layer of soil.
The-most striking result is the absence (i.e. fewer than about I organism

per_0.5 g soil) of ,Ri izobiwn melilori from all ptors,urpl.J; inis *ir"tut".with the fact that none of the hosts of this nodule U"iii.lirrrr_rr""i., .f
Y^"!:::l:,_ Metilotis ,ot Trigonella_has been recorded i, fli. pror..poputatrons oI the other three species in the soil of the different Dlots also
cepenoed on the presetrce o[ appropriate hosrs. except (iS for R- ierumino-
rarun in the nitrate plot without fime and in the mineral'ptot wiftBut pX,
both.of which adjoin plots containing Lath;rus o, lrr."i" io tfr"iil*..tug",
and (ii) for R. tupini in the limed halves of plots f anJ s, b;ih Jwhict
contain-a few R. lupini b$ not their host plants. the average .oiipoprfu_
tions of R. ttifolii were about ten times larger tna, tfroseoli.lelr_trr-
sarum or R. lupini.

, Provided there are some host plants presetrt, the populations of nodule
:i:,_.j,: 1l rie, soit are.onty slightty. influenced or are unaffected by the
aDundatrce oi the host. In view of this, the large effect of the clover rhizo_
sphere was unexpected. This effect is restricte<t- to n. l.rfriij 

"*."ri'fo, ,"
Iimed_ sections of plot 18 where R. leguminororu^ 

"ii i-.' iuiii ur" ur.o
stimulaled. On all plols not given niirogen fertiliser,lt. ,[ir"rJ*. 

"fclover seems to have fewer R- lupini than the soiL some rhizosphere
populations of R. trilolii werc very large, and the dilutio" ,".i., u..Jfinif.a
to. grYe any negative readings for half of the samples. This rhizosphere

:,]T-rfld* oj A.1if1!ii was greatest where the,oif ,n",,om"r"frui u"iO,
as rn the unlimed half of plot 3 and in plots 5ll and 512, although the
largest populations were in the limed ploti. The cloveruoJlf" 

-UuJ!.iu 
ot

some- of the limed plots were a majoi constituent of the totai Ualteriatpopulation of the soil counted on a ioil-extract agar.
Po.pulations of R- tdolii aDd R. leguminosarui but oot R. luDini \\erc

usually 7-8 times larger in surface thatr in sub-surface soit. faUte'i-sfrow,
additional counts made in samples from plots Z, S unJ i: io u GtL of
l_2 in..-Qn the unljmed parts, specially of plots f aoA t3,-numUlrs of
l<. trilolii and R. leguminosarzzr decreased iegularly with iepth, and atll-12 in. were about one-hundredth of ouibers'in tfre-s'uriice soil.R. lupini ocruned,-more irregularty through the p.onl",- unJ ,ir-.*"A .o
crear 

.rrend- wirh depth. All species were irregulaily disiribured and not
especratty abundant in tbe top I in. of soil.

t5't
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TABLE 5

Disrribution of nodule bacteril in the soil profiles of Patk Gras plots

PIot 7

7,9 aml 13

Log estimated tro./8 dry soil

SamPle
deptbiin.) R. ,t/ord R. legununosarum

Limed 3-l .1'.A i:3?
7-8 4'O1 4'69
1l-12 3'81 4'08

llnlimed O-1 4 36 3'80
3*l 241 <l'61
?-a >4'69 1'93
ll-12 215 2'32

Limed 3'l i\1
7-8 1.60
tt-12 0'86

Limed H i.i9
7-8 4'13
tr-12 4'25

untimed 3-l i'*
Ta <4'lt
ll-12 3'55

R- ltlpini
2-39
2.81
2.56
r.25

< 0.57
< 1.63

5.48
r.16

4.05 2.29
3.47 <0'60
2.40 2'75
1.68 l'sl
5.01 <2'99
4.83 3.16
4.16 6.16
3.U 2'm

2.30 6'62
< 3.,t0 2.18
<3.02 l'71
<2.92 2'65

Plot 9

PIot 13

Liming greatly inc reased Rhizobium numbers, probably partly indirectly

w ili'"nt? i, ii".easing the amount of host species in the herbage' Each

;il;;;i.;ilrir.-*u. found onlv in plots with 
-soil.less 

acid than

.ii ao .ra theY were usually more abundant on the alkaline plots' Plots

Ir*of.i*"* Ji,f,e. acia 6if 4'2-5.'7\.ot slightlv alkaline (pH.7'v7'6)'

il"lri""o ttt"t" groups, but not within them, thete was a consistent effect

;i;ii:;tii;#; nldule bact"ria occurring in the soils (and in the clover

;#;;;;;t;;iit. uit 
"tin" 

than of the icid group .The alkaline soils

ffi;"JJi; ;;;;;R. ,riIotii,13 times more R' teguminosarum and

t40 tilr.t more R. /l/pizi than the acid soils''-;il;ffi;l-;ui'r.. ot tt" unlimed part of plot 9 are Holcus lanqtus

i" 
"ir","t 

t, 
",IJ 

zi iiiii ,rnuit. Soil samples taken from the soil under the')i^i,;i 
,"rrit aieas vielded no nodule bacteria whereas soil under the

h'"i*i tiliii rt"u 
"'on,uin"a 

a few R' t folii' which because .ol their

I.nu.ualsymuioticcharacteristics(seenextsection)areprobablylndtgenous
to this plot.

The srmbiotic ch&rcteristis of Park Grass strains of Rhizobi*m tifolii'
il";;;;;;;,-(.;ti numerous; members of the Rhizobium populations

;;;";i;i; ;;;; obtained uv isolatins from nodules formed on test

l'"Jii;":';;";;;J*i,i, ir'" most diluti soil suspensions that Produced

;H'rt;i: fi;;; iio,', in" li."a and unlimed parts (when present) of

ilJti'i, 3, iiliit, i, s;iiana ra' ea"h isolate was Gsted on four replicated

il;t'ri iri\oiliu 
' 
prot"rt" grown aseptically on N-free mineral salts
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medium- in test tubes kept in a glasshouse. Comparison was made with
1ni1ocll11ed 

ptants, and wtth ptants inoculated i,ttf, 
"iif,l, 

if,.ir."ti".
:yaln 

u4uj 
.or the olrstandingly effective strain 5 (Rothamsted collectionsrrarn numbers). The extent of nodulation was recorded and growth

measured 
-by 

grading for size at intervals uoa Uy -.a.*lrlarf iveignt atbarvesr (80 days).
Isolates did not differ in the rime at which they formed nodules, butvaried considerably in their symbioric 

"fi.;i,.r;;;;.';;;-io 
"n"r',iu.., 

ornodules produced. Fig. t shows the dtrt.iurii"" 
"-r-""f"1-ti#r.l?ooru,",measured in relation ro the drv weighr produced UV ,-t 

"i"'gfOi'<lmZf.with the exceptions discussed u"1"yIav ".ifi;;;i 
j""ii"fr'*rrnrly

for each set of isolates; the varialion ;"; ;;;r;;;;;ii""i'i*, 
".igi"and,corresponded to that expected in tests wirh fou,,.Ji'.ui.a'r"tunt .Itre most enectrve strains (equal to or more effeciive than straiD 5)came from the limed halves of nlors give" 

";";i";;;;;n#irau ,, ,and.l8 II).arthoush some srrains frori-.ihfii;;, i;.;. il",ii'rii"fri r.",ionof the PKMMg and nirrate ptors, ptors 7'"rJ ld;;;;;ilr" tr,anaverage effectiveness. Strains i.om limed prot.-giuJ. 
'.ii"iutr-o'ory 

urafrom the heavity limed prot t8 rr ditr"*d;;;;.-16;;'.,ili.. irir"lla r...these plots were as effecrive (or slightly -"r;.tr;i".j;;; ,",.1i, OoOl,but of 20 strains two were ineffectii,e ana I p""iiy-.iiJtiri." ""'"
. 

plo^t S-.-which has not been limed was ".I"r';d by;;;;;I'more effectivethan 0403, except for an ineffective isolate from ,f,',, ifrir"rpfr.r.'.fi pfr",from the section given pK. onlv two ;aiil;;til;;il;l"ilo,Jj ,i.ro.oany rhizobia, and these were of arerage enectlveness.

-,1sL!tes 
froq ljled and untimed hatlr.r"i pi"i ii, *r,ich is given sodiumnrtrate, were slighrly less eflective tban those from pioti i'ur-d"s. il..o,ullIime dressing applied to plot t8 III f,aa no ;nnuen'Jln ,i#, ,".i"u,i,v,but.the heavy [iming of lg II increased ir; of ttre I O ,tra;ns .*".ii.O fr"rnl8 II, two were more effective rhan th; """;&;,-;;;l;J;;;';;" ,".ypoorly effective.

. The acidity of unrimed plots usua[y either eliminated the clover nodulebacteria attogerher or leff as survivois orty i;;tr;il;-.;r#,, .r""i*strains. 
-o_f 

the 8 strains isolated from ,'h" ,;t;"iJip"rijlir"l"",ion
of plor 9 (from a Holcus landtus patch) 4 were co'mor.t"r).ir"fr*i,;", 

"roof those isolated from plots eiver
, 
"d 

4 s 
j.-;il;;;:;;i;".: ;;:"r LhIl,T:T: ;f"i[yr-.:l,i jH.*,rr:

and one-half eflective.
Nevertheless, neither acidirv nor absence of- lime were invariablyassociated wjth a decline in effectiveness; straios from olot 5t2 6A +.q),rrom rhe untimed halrofplot rz rp+r s-zi,,J iioil'ol"i i,jj'toii ii'rl *er.o! average or more tban averase effectiveness. In all plots. iroiuiesfi6m tre*l""ld_1.-._urthecorrespondingrhizosphere*.r..'rrirniiui'.ii*ii"*rr.
lne mean number of nodules formed by each strain provided criteriafor funher strain differentiation. as show, ir'r"u" u. ir.ir5,ii".1'ri ooon,effective strains from all plots, except is ir. r.r."i .n""y _rr""#i'rl"u.,nodules than did their effective counterparts. Differences between effectiveones isola-ted from one plot section were trot larger (except in the limedsection of plot I7) rhan rhose with ,r,. ,trui* 

-diol'"ij"i,'"#'"", 
u.
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attributed to host variation. Howevet there were large and significant
differences in numbers between efective strains from different plota. Many
more nodules were formed by effective strains from plot 5/2 (pK and no
lime) and plot 7 (PKNaMg and lime) than by efective strains from the
other plots. Strains from the limed sections of plot 13 (FyM) and plot
18 formed fewer nodules than strains from other plots. The single ineFec-
tive strain from plot 18 II was unique in its very iparse nodulaiion.

_Exceptions to the general similarity in nodule number produced by
effective strains from within a plot were three strains from tie limed haif

Plot 5. N, 1856-97

5/lNone 18 - 196.t i

30

rlo

ri SO. tt. Henv/ t-,mcZI
h rol ;-',.t . " Jllr,,

t00 t20

tnd.x of cffc(riveness with srrrin O4Ot .r tOO

_ Fig. I _Djstribution of effectiveness of is olat6 of Rhizobitoi fiIor? frorn Fark Grass,t6ted on Ttdonum pratensa. Shaded areas rer; io l*[Gi-riir#iuirj.iii"ri]
t Number of isolates test€d.

Plot 18. N, K Nr M8

lll. Li8 hr Lime

5/7 PK t89g-1964

l6l

70 90 0 46 60
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TABLE 7

Numbers of nodules lormed by Park Grdss isolotes in relation to
efectioeness

zei nl6sl I

lel 20l 15
221 2ll 28
r+l tslel I

ll
9

19
2t
39

t2
l1
l6
l8
21
36
25

l5
l3
6

49
29
29

12

,lm
zrl
re I rg
il | 8 l'.l"'l l"l"lill

Plot
l8r
l8rrr
l8rr
slr
512
Strain O{03
Strain 5

30-,lo-50-60-70-80-90- 100-l lo 30-40-50 - 60-70-80-90-lm-l l0-120

Relative effectiveness (Strain 0403 : 100)

l7

l2

42

30 -,10 - s0 - 60 - 70 - 80 - 90 - 100- ll0- 120

Relalive effectiveness (Stmin 04()3 : 100)

of plot l7; although these seemed to conform to the normal efrective

*oor. ur its least effective members, they produced many more nodules,

ii, zi,lS and 52 compared with l6 for the remaining member of the group.

Tte dishibution of nodulited plsnts in the dilntion series

In the above counts no adjustment was made for'skips" i.e. plants without
nodules at lower dilutions than plants with nodules' The distribution of
skips in the Barnfield, Broadbalk, Long-Term Fallows and Park. Grass

cotjnts was exanined by tabulating the number of skip tubes per dilution
series (Table 8). A'skip'tube is deflned as any negative tube above a

positive one in the dilution series. This simple definition somewhat over-

istimates their true incidence, because where a 'skip' negative and a
terminal positive are produced by adjoining dilutions, its normal prob-'

ability of happening is uP to 507".
Beiause oi the different lengths of the dilution series, statistical tests of

the distribution of skips could not be made, but the results show some

definite trends. Skips occurred in the counts of the fow Rhizobium species

in the following order of increasing frequency (neglecting manurial effects) :

R. leguminosorum ot R. trifolii, R. meliloti and R. lupini. This order

occurred in each field and was also observed in other experiments where

results were too few to be tabulated. Skips were least prevalent in the

Broadbalk samples. Long-term fallowing at Rothamsted and Woburn
decreased the in;idence of skips in the counts oflt. rneli/ori, but se€med not
to affect their frequency in counts of the other species. In Broadbalk'
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TABLE 8
Number of skip negaliues per dilution series

A. Species ditrereoces
Rothamsted Wobum

Bamfield Fallow Fallow
0.56 0.24 0.570.29 0.57 0.660-67 3.30 3.08

Park Grass
o-47
0.51

0.96

Broadbalk
R. trilolii 0.23
R. leguminosarun 0.19
R. meliloti 0.50R.lupini 0.66

R. trifolii
R. leguminosorunt
R. meliloti

B. Efect ofduratiotr of lonS-term lallovring
t960_61 1962_43 196447

0.78
0.22
4-87

0.25

1.8?
0 66 0.69

_ C. Efrects of manuring (combining test species)
Broadbalk

0.40

1.50

Sections
I

II
TI
IV
V (fallow)

Plots
3 (Jnmanured) 0.44
5 (PKNaMg) O-54
8 (PKNaMg atrd ammonium sulphate)

16 (PKNaMg and sodium nitrate) 3:?l
Bamfield

Sections
l (FYlo
3 (No matrure)
4 (PKNaMg)
8 (No maDure)

Park Grass

o-22
0.52
o.29
o-42
0.33

Sections
0'56 O (nil) o.3lg !q N (sodium nitrate) 0.50t?.{q A (ammonium sulphare) 0.36u.)4 C (rap€ calc) 0.34

Plots Ur imed Limed
I (-U_r!II-,a{,,-,"d) 1.4 0.30
7 (PKNaMg r.2 o.5iI (2 cwt ammonium sulphate) 0.22

_9 1+ cvr ammonium zuliharei o.z4
, / soorurn nltrate 0.13
13 FYM ard guano O.7l 0.59

neither 
-one 

yearh fallow nor applying herbicide affected the number of skips.
Combining results for the diflerent Mizobiwn species, Uoth nroaaUatt

and Park Grass show very similar differences cauied by.ururion. pfot.
grven mtrate provided dilution series with fewest skips, iollowed b-y those
given ammonium sulphate or pKNaMg or lefr unmanuiea. On iari CrassFYM inmeased the incidence of skips and liming greatly decreaseO it
in all exc€pt one set of the paired plots where skips-wire fe'w- delesufts
for Bamfeld showed no consistent plot differencesl but in view of-ire part
Grass results it is of interest that the FyM plot guu" -o.t ,Ufr. 

'---

Discussion
Tht comting mettod. The method gave consistent results but with large
!!trere1191 between replicates; the standard errors 

"o.monly 
iareJ f.om

l0 to l00l of the mean most probable number.
Estimates ofnumbers were afected by skips in the expected sequence of
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positives and negatiyes \Yhich led to sporadic and sometimes.gross under-

estimation of aciual numbers present in the original suspension, and also

increased replicate variation. Thompson and Vincenl (1967) showed that

skips in dilution tub€s used for counting R. trifolii were unaffected by

.oodition. of growth of the test seedlings, but were commoner with soil

containing few- bacteria than with soil containing many' Adding soil to a

dilution s-eries of a pure culture of nodule bacteria decreased the count,

"rp""iulfy 
when the soil was added to the tubes some time before the

Li"i"ri".' fnornpton and Vincent also showed that the contents of skip

trU"r-*f,.n "t",i 
to inoculate fresh seedlings sometimes produced nodules

unJ iorn.tirn"t did not, indicating that the nodule bacteria may be sup-

pi"rt"A ot eliminated, presumably by microbial antagonism'.lysogeny or

l.eaation. There is muth evidence tfiat rhizobia are subject to microbial

;;;;;;;;. in soil and in pure culture studies (Helv, Be-rgersen' &
ii""i*"ii,lqsz; wieringa, l9k3;van Schreven, 1964; visona & Tardieux'

idoi;- H"i irgn a Loui,-ts66a, 1966b; Holland & Parker, 1966; and

Robinson, 1968)." 
fG-"*.itt".it differences betwen Rhizobium species in liability to this

"ourilt 
g uU".tution, and of effects of manuring and liming' are interpret-

;i; i;i;. of microbial antagonism encouraged by dung and acidity

"iI Ji*"r."g"0 by nitrogen fitilisers. The fields at Rothamsted and

WoUrr.o p.o"iO" ,aiuable soils for further study of this phenomenon'

Populatiom of XiizoDfum anll tbeir effectiveness' Populations of the four

.o"'"i"r oi nl,rrairm studied occurred widely in thc arable fields of the

ilih;;;ili ;;J woburn farms but in numbers that varied manv-fold'

usuallv in relation to the presence or recent presence of their respective

;;;;i";i';;;J i; soil aciditv. x. ,r4o/t'i was most widespread and usuallv

.-"if 
"U-"arrt, 

followed by R. [eguminosarwn' with .R' meliloti a;nd'ii.iipii 
^""n 

iess abundaniand more restricted in distribution'- 
af tf,. time Broadbalk was surveyed (Rothqmsted Report for 1968'

p-i'2, p. is0j, this nefa had been cropped with nothing bui wlr:3t since

iil3. i.lil;;t were unafrected by minurial treatment or by fallow the

;;;;i.;;;;; "t bv herbicide. Numbers were not simplv related to the

5i*i[rilJ, ". "u.'naun.. 
or leguminous weeds, although the absence of

!io"., rn^v r,rr. u"en a conrribtitory cause of the fewer R' 
'rifo'lii 

found in

Broadbal[ than in other arable 6elds. There are no records oi legumrnous

*Ji 
", 

ift" pf", area of Barnfield (J M' Thurston, private communica-

ii""i, uri 
"i"r'".t, "etches 

and medick are common on the field boundaries

and in neishbouring fields." 
init.-.".niin"ou'sly fallowed fields, numbers declined progressively in

rhe earlv vears but later more erratically' panicularly at Roth-amsted'

irr"iii J dJ pr"ri ii not entirely n"cestiry lor multiplication of nodule

bacteria in soii was shown by experiments on their stimrlation by some

""r-f.gr.l.."t 
weeds. Such muitiplication was sporadic and, uncertain

"rJ 
fi pi.U"Uty unimportant in maintaining populations This. is also

ifi*,"[ ;r-a(" absenie of any correlation of populations with wheat

ui"lds on Bioadbalk, or of mangolds or potatoes on Barnfeld' The counts

i;;-"ii th" arable fields indiciie that nodule bacteria from areas where

t&
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they are abundant are transferred to neighbouring fields, probably in soil
blown by wind or brought on implements. Such agents probably suffice
to provide inocula for clovers and b€ans, and possibly lotus, but not
lucerne or trefoil grown on the farms. Adverse physical conditions, such
as drought and heat accelerale decline of the soil population but when
these do not operate, biological factors may be important, and it may not
be coincidental that the sp€cies of Rhizobiunt most liable to decline in
numbers are also most prone to show skips in their MpN count.

Development of appreciable populations from bacteria in the soil or
from artificial inoculation, seems mainly to be restricted by soil acidity,
with the four species again showing differential susceptibility to this fact;r
in the environment. R. ttifolii was occasionally isoiated fiom soil more
acid than pH 4.0, but R. meliloti very rarely from soil more acid than
pH 6.0. Alkalinity stimulated rhizosphere increase, though whether
directly or by increasing root exudation is not known. Loniragan and
Dowling (1958) and Mulder and van Veen (1960) also showed thai acidity
was ;mportant in restricting multiplication.

The symbiotic effectiveness of strains occurring in the arable areas was
not studied in detail but the response of the count-test plants showed that
most of the rhizobia were effective in fixing nitrogen on their test hosts.

The distributions and relative abundance and iflectiveness of R. trifotii
alr,d R. meliloti at Rothamsted and Woburn parallel those ,"po.ted by
Jensen (1969) for more than two hundred arable soils of Denmirk, wheri
abundance was clearly related to presence of host and to soil pH. By
experiment Jensen also showed that R. trifotii only survived weli in soil
above pH 4'9 and X. meliloti only above pH 5.9.

. The partial survey ofthe Park Grass plots demonstrated the dominating
influences on rhizobia in pasture ofhosi and soil reaction, for there was an
almost exact correspondence between the occurrence of each species of
Ntizobium in the soil and of its host, and indicated that a continuous
plant cover prevents movement of bacteria from plot to plot. The survey
also showed that the prolonged ditrerentiat manuring had some etrecti
on the symbiotic properties of R- trifolii. Where manures had not been
given but lime had, strains were effeclive, but in plots without lime,
and where pH had fallen to 5.1, strains were only poorly effective. Mineral
fertilisers_ without nitrogen decreased effectiveniss, even with liming. The
use of nitrogenous fertilisers (nitrate of soda, ammonium sulphite or
organic manures) over very long periods of time did not lessen iUitity of
strains to flx ritrogen, provided that lime was also applied to the plots
given ammonium sulphate.

Acidity tended to favour ineffective or poorly effective strains, although
even acid plots contained some fully effective strains. Completely ir_
effective strains occurred irregularly and some were found in piots oiher-
wise occupied by populations of strains of more than average eilectiveness.
Thornton (1954), Masrerson (1961), Jones et at. (1964) and Jones (1966)
showed that strains from hill pastures in the U.i(. and Eire were'often
p99l1y etrecliy9t This was usually, bur not atways, associated with acidity.
Holding and King (1963) attributed the poor effectiveness of strains from
Scottish hill pastures to the soils being deficient in bases.
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The classical fields at Rothamsted and Woburn provide unique sites for
ecological studies on the relationship between nodule bacteria, their host
speciei and the soil, and for the collection of strains adapted to acidity and
to nitrogen fertilisers, which could have agricultural value, but this still
has to be assessed.

SummarY

Rhizobium trdotii, R. leguminosatum, R. meliloti and, R. lupr,ri were counted

in some of the arable fields of Rothamsted and Woburn, and in selected

olots of the Park Grass experiment. All species were widely distributed

ihroughout the arable areas, with R. trdolii and R. Ieguminosanmt-rt*nl7y

lnu"h'-ot" abundant than R. meliloti or R. lupini, especially in fields

cropped by the host. When the host plants were not gr-own, numbers

decriased in a fe* years from tens or hundreds of thousands per g dry soil

to very few or noni (as for exa mple R. meliloti a:r,d,R. /rpizi in most-plots

of nainfeldl. Numbers were unaffected or only slightly affected by mineral

or nitrogenous fertilisers or by moderate infestation with leguminous or
other wids but were reduced by acidity. The results suggest that numbers

in arable soil without a recent legume crop are maintained by transfer

bv natural agents or farm implements from areas of abundance' Most
nldule bacteiia from these fields were effective in fixing nitrogen with the

test hosts used.
The Park Grass survey showed striking correspondence between the

occurrence of RirzoDinrz in the soil of each plot and the presence of a host

ipecies in the herbage. Numbers were few or absent in the acid plots and

J".. .o." on the l'imed plots but were unaffected by mineral fertiliser'

R. ,rilorii was strongly stimulated in the clover rhizosphere, even after more

than-a century of cl-&e. 
"o"".. 

The numbers of nodules produced and the

nitrogen-fixing effectiveness of isolates of R. trifolii ditrere{betweer plots

and ivere aff;cted by liming and fertilisers. The most eflective isolates

came from limed plois given nitrogen fertiliser and the least effective from
unmanured or somewhat acid Plots.

The MPN estimate of numbers varied in reliability according to the

species enumerated and soil treatment and was best for limed soil given

n'it.og"nor. fertilisers and worst for acid plots or those given organic

fertilisers.
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Suctiotr traPs

Three new traps operated in 1969, at the Rosewarne Experimental Horti-
cultural Station, eamborne, in Cornwall, England, at the Welsh Plant
Breeding Station, PIas Gogerddan, Nr. Aberystlvyth, Wales, and at tlte
Departient of Agriculturi and Fisheries for Scotland, East Craigs'

Edinburgh 12, Scolland. The weekly bulletins listing 11 trap counts of
34 speciJs, or groups, of aphids of economic interest was maintained with
only one hiatui, during tha third and fourth we€ks ofJuly when each week

comprised only four days because full catches were too large to count in
ti." to b" iniluded in the bulletin. This year the airflow characteristics

of the trap were investigated and next year the volumetric air sample will
be halved during July and August to lessen the risk of similar oversampling'

The converse pioblem, that of increasing the sample size during April and

May to increise sensitivity when incoming migrants are infesting crops,

has proved to be less tractable because of the internal resistanc€ of the

trap at high air speeds; another attempt will be made to solve this problem

duiing the coming season. It is hoped to complete the east/west-transect

next iear r*'ith traps near Exeter, Bristol and Wageningen in Holland'
Th-ese tables ari giuen here to publish records quickly, the final table

being completed just in time for press. It may be possible to comment on

tnern- in pirt I oi the Report which is compiled later- The tables c'ntain
the same species as the bulletins. To save space, count! ar,e given per
,lweek period using the 'standard' weeks devised to coincide from year to
year foi convenience in analysis; the bulletin weeks are'working' weeks

irom Monday through Sunday, chosen for convenience in despatching

and sorting catches. The second trap at Rothamsted, formerly referred to

as Rotharnsted Farm, has been omitted from both bulletins and table to
save space. Its function is entirely experimental and its adds little to the

information on distribution on a large scale. A few days have been lost

by accident or breakdown but, thanks to the lively co-operation of the

operators and other members of staff to whom we are deeply indebted,

tfiere are no serious gaps in the record. Zero catches are left blank in the

table for simplicity.

Liett traps

In the Rothdmsted Report for 1968,Part 1,210-213, the annual catch of 26

species of moths of etonomic interest from light traps at 32 sites in Great

Britain during 1967, and for some of these sites in 1966 and 1965 were

tabulated. Thi catches of the same 26 species at sites in 1968 are given in
Table 2 and those for 1967 repeated for comparison'
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_ Many rnore traps are now in operation, but only those that operated
throughout the year are included in the table. Unlike the aphid records,
it is not possible to publish these catches in the year they ire obtained
because most of the identification is done by voluntary workers and hence
cannot b€ donc immediately. Light traps give only a relative sample
because their efficiency is subject to the behavioural response of the insect,
so- the catches of different species cannot be compared until the relative
efficiency of the trap for the species has been assessid. At present, only the
differences between sites and years can be usefully considered. it" iit"s,
which have been numbered sequentially as they began to operate, are
arranged in latitude sequenc€, north to south, in thi table. f.he sprecies
have been arranged according to their preferred latitude, north o; the
left to solth on the right. The distributio; of some species is erratic, and
all are affected by the immediate envirooment of the trap, which ranges
from urban streets through farmland to uncultivated moorland. Nevir_
theless, the latitudinal limits of some species are clearty defined and this
may help to locate likely outbreak areas when we hive more seasons,
distr_ibutions. It is striking that the recognised pest species are not neces-
sarily 

_widespread nor generally common, some speciis being restricted to
a fairly narrow band of latitudes. The sparial distribution-of nearly all
species in 1968 closely resembles that in 1967, except For plusia gammo,
an immigrant, Gortlna micacea and Akophila aesctlaria, all oi which
were more common in 1968 than in 1967. Dashes indicate missing records;
0s record zero counts.

TtrrtE I The Rothamsted Insect Surve!-SuctionTrapsis onpages I70_176.

T^ste 2The Rothomsted Insect Survey-Light Iraps is on pages l7g_1g5.
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TABLE (&)

The Rothamsted Insect Survet'suction Trops: 4-weekly total catches of aphids of
economic interesl rePorled in the Weekly Bulletin

lleek Nos 17'20: 23 APril-20 MaY

3
Y-r#si,6 ls€iiEg,SE€ET,ilEEEE-oAa;ai3EE=T506EZi<6d,iN'd

SPeci€s
Ac! hosiphon ?bum
Aphis Iabac
Aphis frangulae
Jlphis idaeii

l phorophotd sDP-
Aulaco hun solani
BrachycaudB helichr y ti
Br.vicorynz bnssicoe
Cavaiella aegopodii
Cina.a spp.
D rcp a no tip h ud p 14, a no i.l i s
Dysaph* plaitaginea
Batobium abierinum

Eyolopt.tus Pruni
Hypetumyzus lactucae
Macroi?hum cuPhofiiae
Mqoura ttitac
M.tapolophiu d hodum
Mctapolophium le st uca.
Myzus ascolonicus

Myzut penicoe
Nasonoia ribis niSti
P.nphigtl. sPP.\
Prociphilind J
Phyllaphis fasi
P e n tot i cho P u s ft ag a efo I i i

Rhopolosiphum inscrt um
Rhopalosiphum Duidis
Rhopalosiphtn padi
Sitoblon avenae
Sitobion fragariae
First aphid caught

I

4

May
5

Mav
4

3
l1

May
5

2
5

I

I
May

8
Mav

4

3

May
ll

2
!

May
5
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TABLE IO)
The Rothamsted Insect Swvey-suction Traps: 4-tveekly total catches of aphids of

economic interest reported in the lleekly Bulletin

Week Nos 21-24: 2l Mav-l7 June

Sites

SD€cias
Actrthotiphon pisam
Aphit fabae
Aphis ftongulae
Aphis ida.li
Aphit ,asturrii
Amphorcphoru spp.
Auldcorthum tolani
Bra chy ca adu s he I i c hr y s i
Brciaryrc brassicai
Cawriella aeaopoilii
Cinara spp.
Drepaiosiph um plat anoi dis
Dytophit plantagirca
Elatobium abietin m

Hyolopterus prul
llyperomyzus lacrrcae
M acr o t ip hu m e up ho tb i a e

Metapolophiun dirhodum
Mc tapolo?hi um fes, ucae
Myzut atcalonicus

Ndsonovia ,ibis 7,igti
Penphigus spp.\
Prociphiliocs ,
Phyllaphit lagi
Pen t at richop us Lapa.foli i
R hopolotlphum inrer, um
Rhopoloslphum ,naidis
Rhopalotipha podi

Sttobron traaulac
First aphid cauSht

B
€"E-i

EEg i? Ei =5 Ef E F { E E; $ $g

2

3
147

l8l

t7t
l3
2
4

I
3
3

18

I

4
2

I
6

lt
412

4

l3

2
t4

2
ll

9
30

2
4

370

1073
I

2
I@
2t

5
28

2
l3
l6
24
t

8

5

I

I5
2t

3

I
5
8

2

2

2
5

t2t

7

t2t

44

300

597
5

5
45
22
35
t2

I
I

l3

I

t4
6t

2t

l2

9
3
2

l0
t2

5

3
I

4

I
3

46
t4
2l

I3
I

2fi

4
6

3
7

I

2

2

t.+ l4 4

3

175
t4
ll

23

150

9l
35
79

3

9lI
2
6

Mav
26

l0

t0
4
2

108 ,o
l7
24

Jun
5

Jun
7

May
25

t7t

3

I 3
I

3
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TABLE r(c)

The Rothdmsted Insecl Survey-suclion Trups: +weekly total catches of aphids of
economic interest reported in the Weekly Bulletin

Week Nos 25-28: 18 June-L5 lulY

Species
AcJtthosiphon pis m
Aphis laboe
.lphis ,aryulae
Aphis idaeii

Anphotophoru spp-
Aiacorthum solani
&achycaudus heli.hry t i
Breeicoryne bratsicae
Cawrlella aegopodii
Ciruru s99.
D rcpanosiph u m platanoidis
Dysaphb plontagin"a
Elotobium abi.tinun
blosona ulmi
Hyalopterus pruni
Hyperomyzut toctuca.
Mactusiphtm .uphoftiae
Megourd vicia.
M.topolophium dhhodum
M.tapolophtum lest cae
Mtzut atcalonicus

Mtzus pctsica.
Natozovia ribk nig.i
Penphisus sEo.\
Prociphitncs J
Phyllophk lasi
P e n ta t ic ho p u s f. a ga e Io I i i

Rhopalosiphu i,.le um
Rhopolotiphurn maidis
Rhopalotiphum padi

Sitobion ftogatia.

o
o4EE-{sit6r_e:-iEgEEER5N=E?EEE'

E s; g $ E EZ 5 3 E

I

3
4

40

l6
69

1

t4

l8
l9

9?8
559
4t

558
466

56
268

4

6

2
58
t

243
2

1

9
,lO3

39
l3

tm1
l9
2

309
l0
44

ta
m

286
96
l1

525
1347

6
123
402
502

13
105

2
3

109

355
2

t3
t4

60
1300

l9
19
4

r28
It
4

61
9

38

167
tt25

6
29

151
142

1
I

2

2

l0

t

t4
8

t7
I

t7

6

3

6

t4
A

3
6

2

,o
I
4

I
l6

120

9
I

7

2
l9
I

1)
2

I

3

4
11
t

58
1

t7

I

I
l5

I

4

I
2

6
6

69

2
43
t7

3

I
l9

1

I
I

4

I
2
4
9

24

I

5
8

3

80
133

4

2
5
5

158
I

662
l5
20

3
I

201
t286

61
3
I

967
2t
I

76
11

9l

182
545
l4

275
304
I39

45
4r6
l5

I
l3

5
2

176

214
4

39

I
59

1336
43
59
9

172
t2
2
2

49
t2

9

236

1t
508
2t
I

10
l6

5
302

283
22

5
t5

84
228/

37

6
351
2t
t
8

325
l4

5

46

1

5
I
3

l8

2
lt

3
I

l9
4
I
I
6

t72
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TABLE r(d)

The Rothamsted Insect Survey-suction Tmps: 4)reeku tordl cotches of aphids of
economic interest reported fu the lveekly Bulletin

Week Nos 29-32: 16 luly_l2 August

cl

l,
r9l

ae_
: B;3 g dE>izEe9.ct5-gr2E {E EA

83
641
35

t4

39
2
7
5
7
I

4
t857

4
29
6

36
4

i

2
63

Species
Acyr,hosiphon pitun
Aphis labae
Aphis toryulae

Amphorophora spp.
Aulaco hum solani
Btochyca udus he tichrrsi
Brevicotyne brassicae
Catorklla aegopodii
Cinora spD.
D?.pa@siphum I lara oi tli s
Dysaphls plantasinea
Eatobium abierinum

Eyaloprctus ptuni
E perohyztls laetucae
Mneoiphum euphorbide

Metapo lophi u n di,hodum
Me,apolophiu m les, ucae
Myzus ascalonicus

Nasonovio tibis ,tigti
Penphisus spp.1
Proo-philines f
Phy aphis lasi '
Pe rtat fi c ho pus fia go efo I i i
R hopalosiph urn i ntert u m
Rhopalosiphun maidis
Rhopalosiphum padi

A

t7
3t
2

6
124

4

I

r50
I006

l6

?
N

l0
300
28

l6

I
23

ll08
l0
31

2t43
3
7

3601
2

28

I
1

t2
2
1
2
6
I

I
I
5

49
3

36
4

I

20
198

3
10

I
l718

I
30

3

246
t0t
427
293
II

108
877

1

9

23

89
2
8

6
l02

4

4

I
3

I

8

I
57
l9
62
I

l9
3

,8
I

4

ll4
52
46

278
3

1595
3846

83

tt2
I
4

,{03
50
49

2
l8
6

t4
5366,

90
73
27

5617
2t

524
2171

4t
I

t05
2

107
62
l6
I

t1
6

30
I

95
8
6
2

41
6

I
t476

ll
82
7

ll6
5

2
6l
l0
2

i3

24
7t

I
l9

638
I

39
66

603
109

I

I
14

32
6
I
I

9
201

7
t2

119
t5

1
I

2

247
210
429
292
t1

4
5E0
ll
t8
3

t590
28

22

5
3518

I8
77
m

234
5

121
7

3

I

4
t4

I
26

I
I

lt

4
I

45

26
39
lt

439
21

1

6

2El
4

I

t2

117
t423

14
249
499
Ill

t0
960

68
1066
693
70

6t4
2301

26
2803
3910
741

243
3652

l9
310

l9l6
394

58
3308

22
585

t70l
253

t2
810
l5

3112
t284

60

t't 3
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TABLE T(G)

The Rotharnsted Insect Suner*suclion Traps: +weekly toral tutches of aphids of
economic intercst relmfied i lhe Weekly Bulletin

Week Nos 33-36: 13 August-9 September

Sites

SPecies
Acythosiphot Pisum
Aphit faboe
lphis iaigulae
Aphtu idaeil
Aphis ndtturtii
Awhotuphotd sDP.
Aulaco hum solart
Btuchlcoudus he lichrysi
Brcticotync brasticae
Cava.iella aegopodii
Ci&ra spp.
D rcpa nosip hfi n p la t an o i di s
Dysaphlr plonlaginca
Elatobium obiettnurn
Erioso a ulrnt
Eyolopterus pruni
Hyparomlzut lacrucaa
Maoosiphud .ryhofiiae

Metapolophiun dthodun
M etopolophium lett ucdc
MyzB ascalonicus
MyzLt orrrat$
Myzus persicae
Nannaia ribis nigti
P.nphigtlt sqq.\
Prociphilines J
Phr aphis fasi
P.n atrichoput tagaelo|ii

RhopolonPhum lnt.rtum
Rhopaluiphun naidis
Rhopalotiphum Padi

Sttobion iagariae

o

l3
612

2

-.AgdEE
SEEEs;A€EEi",$iE

=-t
E'a2

4

6

5
60
2

25
35
I

6
266

9

48
3

I
1

l0
I
8
I
I

t0

69

B

.P
E

33
509

TO

4

l5

9
I

l5

3
t52

3

5l

t

4
q

1300
3

405
318
24

I
t!

100
t2
48
8l

6
1821

8

3
l

48

t9

I

l5

4

28

I
r5M

2
l0o4

84
ll

3
339

2

l0

38

36
I

20

4

I

270
I

260
103

5

I

98
2
6
4
7
I

t94

46

33

60

t2

I
t37

I
446
l8l

6

21

I

9

2

2t
4
I

2
5

7
m

39
2

t4

44

l9
3l

I

64
8

l0
5l

52

7
26

2

I
1
I

l0
7

60
I

I

l6

30
4

24
30

l6 t1
5

l6

2
ll0

2
2

3

4

I
19

97
25

2

t74

5
1
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TABT.E t(f)
The Rothamsted Insect Survey-Suction Traps: hweekly total cdtches of aphids of

economic i terest rcpo ed in the lleekly Bulletin

Week Nos 3240: l0 September_T October

Silos 5.s:iEgA'iEii=E
;6.!9XOr,EzrE<a&,a

I
r80

:J EfsEN'C
Species

Acytthosiphon pi:unt
Aphis labae
Aphis frangulae
Aphis ida.ii
Aphis ,asturtii
Amphorcphoru spp.
Athcodht/h solani
Bruchycaud ur helichrtsi
Brericorync Brussicae
Cavoriella oegopodii
Ci@rd rpp.

4
112

2

20
8

4
35

t2
t6
2

6

43

,0
355

2
r082

5

44
t7

10
9

l0
3
2

t3
I

79

l8l

380

l2
2

25
I
I

3

l0

t4
6
2

I
8
I

372

I
2U

I
985

2
3

7
98

5
19

l8
II

6l
2

6
I
I

l9
I

2t

Dtcpa\osiphumptotoaoidi\l 2l
Dysaphit plantaginea
Elatobium obietinum

Hyalopterus ptuni
Hypercmlzut lactucae
Macrcsiphum eup horib iae

Me topolo phiu n d irhodu nt
Me tapoloph i urfi fe snrcae
Myzus atcalonic$

Nasonofia bis nig
Pemphisus spp.l
Prociphilines f
Pe nratrichop w frasaefol i i
Rhopalosiphun inse un | 469
Rhopalosiphufi maidit
Rhopalosiphun padi

Sirobion frasoriae

2t
7

3
t92

2
9

l0

54

ll
2456

I

33

I
4

4

4
I

l0

5l

5t3
8

t063

6

5
I

23

2

30

1242
9

14[2
4
I

3
I
I

l3

I
2

2

5

I83

l5l
I

68

8

5
I

2
I
6

@
l1

142

3337
24

2333
l0
8

I
,t0

4
2

4
28

35
9

l6

2

3
1
2

5

lt0

l6t
3

240

3l
2

816

2

1473
450

6
3756

l2
3

244

393
5

175

2
1
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TABI.E lG)

The Rorhdmsted Insect Survefsuction Traps: 'l-weekly,lotal--catches of aphids of
economic interest reported in the lleekly Bulletin

Week Nos 4144: 8 October4 NoYember

Acy hosiphon Pisun
Aohis laba.
Aphi' tansuh.
Aphb idazii
Aphit ,l,-tturtii
Amphorcphoru sPP.
Auloco hum tolani
Bruchycaud us helicht Y si
Bt.vicoryne btussicae
Caraie a aeaoPodii
Cina.o sDD.
D Ep a no s i th u m P la t o no i d i s

Dysaphis glantaginea
Elorobium abietinum
Eliosonm ulmi
Eyalopterous ptuni
Hypcromyzut lactucac
Macrusiphum euPhorbiae

M.,apolophiun difiodun
M erd?olophium le st u.ae
Myzus ascalonicus

Nasonovia ribis nigxi
PenpbgLt sPP.\
ProciphitinB J
Phy aphit Iagi
Pentur choPus ftagaefolii

Rhopalosiph u n i nte tt um
Rhopalonphun noidis
Rhopalosiphum Padi

Sitobioa fragariae

Sit6 € :
"E3EEEAoriz

I
3271

2M
4

Eo-E ei ! E r tS i Z E:: e E3EE!E3$EE<9.latN

1037
4

l75t
l7
7

2
38 l8 l0

4
6

4
I
I

I

5

I

46

95

394

3176
2

,0

8
l0

2
2t
l3

6

3
I

3
I
2

48
3

402

t124
I

2942
9

58

4
6
9
I

l0
ll
I

2

2

27
3

46

1730
3

352
7

24

5
38

I

7
20
26
1
4
3
9

28
4

75
1

,r8
1
2

331
9

1027

67
5304

5
9575

55
l8E

31

t5
I
2
2

t2

2490
4

3558
2
6

l5

6
I3
2

38

t?0

8

I
I

2

3l

I
t

lt
I

,t8
I

159

I

313.r
5

398?
2
6

2
t

2
3
3

l8

3

6

215

l8
3

3

2

II
I

36

6
9

7
7

l0

130
24

55

I
5

23

3311
1

6431

217

1
t3
I
3

5
2

t6
5
5

65
5

1294

I
1804

3
3293

3

8

2t
l2
I
I

t8
8

I
l0
I

I

2
t

44

414

141

55E

t76
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Table 2
Ihe Rothamsted Insec-t Survey-Light Traps: two years, records of the morhs

of economic inter?st (1962 ana lg6gl

See pages 178-185
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TABLE

The Rothq sled Insect Suney-Light Traps: two yea '

;s;iE;,g:l:EeE*s 3&ee ss E8
- 132 136 63 15 70 39 50 1
t$ 297 tU t2 89 145 22E t7l 32 97 3 t8

- o- 2 0 0 o 0 0---
oo26oooooooo

- 0 0 53E29 0 0 0---
o0igo4oooooo

- 'a26 
t3 ll4 lll 87 41-- -34t it 29 194 lt 78 342 lot 9 35 79 t3

-19 r36 15 86 0l0---
o 32 3 to3 37 t$ 2 23 o o 17 o

- 3 0 4 l0 116 0 0 0 - - -o 6 5 16 20 135 0 0 | 0 22 0

- 0 0 0 I 0 0 'l 8 ---olo330oo3301

- o o 0 0 0 0 0 0 -- -o04040002000

- 0 0 0 0 0 0 0 0---
0o0000008500

- 016 335 013 0 5---
o 420 135 0 5m,421 tO 12

-013020601---o ol3 0 0 0 8 0 2 2 0 6

- o o o o 0 0 0 0---
o0l0040lll00

- r 35 2:2 3 0 3,1 0 ll - - -0 olm 22 6 0 15 0 2l to I 58

P€st Spaci€s Year

Cortvno micac.a 1967
Rosi Rustic 1968

BuDatus Diriaria 1967
Boiderea white 1968

Palolh flamm.a 1967
Pinc Bc.luty 1968

CcraDt.rtx kami,ris 1967
Antli:r Moti 1958

Flannis auranliaria 1967
scarcc umbcr 1958

oD.rcDhtcru faqala 1961
Nbnti€m Win6r Moth 1968

Anamea tord?ns 1961
R:ustic Sboulder Kno! 1958

Gofivna flovaEo 1957

Frosird Orange 1968

Mdmcstn bru$ica. 1961
Gbbeep Moih 1968

Nocrua Dronuba 1967
il,arep Yeuow Undcrwing 1958

Diataraxia olracea 1967
Brighrline Bro*o'oYe 1958

Eltoa nie caat 1957
card6n Dart l96E

lMd.a scc.rlit 1961
6mmoo Rustic I 958
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4r)
tecords of the moths of economic interest (1967 and 196g)

P€st Sp€cies

Gottyna micac.a
Rosy Rustic

Bordsed whit6

Pino Bcauty

Cctupt.ryx gamtnis
Atrtlcr Morh

Eronnis aarantlaria
Scarc€ Umt!€r

Op?ropht*a lapata
Norahem WiDlir Morh

Rustic Shoulder Knor

Frostcd Oratrgc

Manestra brasicac
Cabb.ge Moth

Largo Yclow UDdcrqri.Dg

Dlotaruria olehcea
Brightlinc BroE!-cye

Gard., Da.t

CoDmon Rustic

Ycar

1961
1968

1967
1968

1967
1968

1967
r968

1967
1968

1967
1968

1967
1968

-E E99 " ta7i ,. €

"iEi9'ers.9eEEtsiS$EiFEEg
tss3eg933FR6
- 3- O 73924 _ l___r0 464 0 7 44t7 1o 730 !

- g- g g 0 0_ o__ oo0000000oooo

= 9- g g 0 0_ o__ oo0000000oooo

-: g _.- l? o 2 0 _ 3 __ oz o 7u t o o o 59s 6 6

- 0- l0 0 0_ o__ oo o o4z o 3 o o is7 o i

- l-10 0 0 0_ o__ o0 0 0 18 0 0 0 o o tos o o

- g- t 0 0 2_ o__ 0l70l2t35o0s2

- l- 0 0 410_ o__ 5loool2tooooi

-l!- g ! l5_lt__ 9r 19 o o 2 2ts lt29 o s i

- ?- ql5t3 9_83__to26 83t 513 t7 16 2$ 711 26

- 3 - O 2 1 2 _ O _ _ 32l4rto5464all3ii

- ?- 0 0 r 0_ o__ ot300000toooo

-4- o2229 t7 _15 __2t7 tt 6 o n 3t 4 s q ztgttd,

1967
1968

1967
1968

1967
1968

1967
t968

1967
t968

1957
1968
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TABLE

Insect Survel-Light Traps: lwo yearc'

^a^
,PE!r
E€ 86<o

!E E!!
3 E X E 5 E; .9n 9 6>.6 d ! a E.E = oi1 >;Ef;EEEi5E5!

Frta{FF-o
.l 6-..1

-- 61527 I --19-t 223 t7 2 0 | 4 59 0

-- 0 0 0 0 0 - 0 0 -00000000000

-- 0 0 0 0 0- 0 0-
00000000000

-- 0 0 0I 0- o 4-
0 0 0 0 0 0 0 0 022 0

-- o 010 8- 0--
0 0 2 0 0 028 0 0 0 0

-- 0 0 0 0 0 - 0 0 -00000000000

-- 0 0 0 6 0- 0 0-
250041o7000

--5014t-010-0 0 4 6 2 0 3 3122 3

-- | 7 0 0 0- I I -9t92lOt3l06

- - 3 l 5 8 ll2 - 3 1 -2 614 7 972 1t 6 41

--17330-10 l-
46tO74lr231 39 0l

-- 0 0 0 I I - 0 0-
00000006000

--25t7 l1 21 2l -37 11 -l8 20 65 16 2t 929432829 4

The Rothdmsled

Ycar

1961
r968

1961
1968

t961
1968

1967
1968

1951
1968

1967
1968

1961
1968

1961
1958

1967
1968

1967
,968

1967
1968

1961
1968

1967
l96t

Pcst Sp€cies

Rosy Rustic

Border.d white

Pinc Baauty

Cerupt?rft Srominis
Antler Moth

Flannis aurontiario
Scarce Umber

OD?tuohtcru Ia1otd
N_orth€m WiDtc. Molh

RBtic Should.r Knot

co yna lovogo
Frostcd Oran8€

Mamastro bra$icae
Cabbagp Morh

krgia Vcllow Underwing

Diataroria oleracea
Bright-linc Brorm-cyc

Grrdcn Dart

dmmon Rustic
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ROTHAMSTED INSECT SURVEY

2(b)

records of the moths of economic interest (1967 and 196g)

Pest Sp€ci€s

Gorryra ,nicacea
Rosy Rustic

Bordercd whilc

Pine B€auty

Cerupleryx grarflinit
Antlel Moth

Elonnis awantiado
Scarco Umb€r

Opzrophtc.a faqotd
Nonhem Wintar Morh

Rultic Shoulder Knot

Goratna lavogo
Frosted Omnge

Manesrra b.assicae
Cabbage Moth

Large Yellow Under*ing

Dioraraxia olcrucea
Bright-line BrowD-eye

Carden D,rr

Common Rustic

Ye3r

196t
l96E

1957
1958

1967
1968

1967
1968

1967
1968

1967
1968

t957
1968

1967
l96t

1967
,968

1967
t 968

1967
I968

1967
t 966

1961
1968

;

E. T EffE9:J_6ccE;9;,*BiSaig>2;it26-:Ei;5IesesgesFFrGg
t- 6t4 2_10___20_4 6 8 o 7 720 E z t-itz

Q- o 0 0- 0___ o_00000ooo0ooo

9- 0 I 0_ 0___ o_l00000oooooo

9- ! 3 0- 0___ o_0003003ooool

6-t6 t6 0- o___ 0_7 0 310 0 2 0l olz o o

I - r! 0 0 - 0 _ _ _ 0 _o o 322 0 0 o o o o o o

9- 2 0 0- 5___ o_0ll0302ooo0o

Q- 0 0 o- | _ __ 2_o l 22 7 4 s I o o i o

! - I 0 0- I --_ 8_I lJ 0 0 t 0 7 3 tZ O O :O

!{ l s 7- o--*t7_$t720 18 14 8 634 g 2 tto
! - I O I _ | _ _ _ to _2 3 6 0 9 7 lt 4 12 o 5 0

9- Q 0 0_ o___ 0_000000oooooo
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46 96 64 tz 729 19 te Is riz o
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ROTHAMSTED REPORT FOR 1969, PART 2

TABLE

The Rothansted Insect Sutvey-Light taps: two years'

Pest Sp€cias

Melahchra persicaria.
Dor Moth

Op.ropht.la bunuu
Wint.r Moth

Abruras grcssuluiata
Magpic Moth

Agrotit sqatum
Tumip Moth

E onnis deloliaria
Mofll6d Umb€r

Phlosophoru n.ticulosa
AngJo Shadas

Alsophila a.tcula a
March Molh

Ghost Swift

common Srvift

Astoais ipsilon
Dark Sword Grass

Euproctis cht sotrhoca
Browd Tail

Asrotit cxcla atlonit
Hca( and Dart

Silver Y

2Co
ia-c'4

-.. AE = a P 5 5;€EIEE,gti:tSi2€;Eivoots<
y€ar-hha6.i6

1961 - 0 0 0 0 0 0 0 0---iieaoooooooooooo
ts67 -14 53577 43 lO 19 2---
ioia 3 s2 ro28 2t ts 1268 3 297 t

ts67 - 0 0 0 0 0 0 0 0---ii6aoooooolooooo
1067-O0000000---iiaioorooooooooo
ts61 - 314220 16 013 2---
itai o e E 47 5 e o ll9 I o 75 o

1967 - 0 0 0 0 0 0 0 0---
itei ooooo l l ooooo
to67 - 2 4 0 I 0 I 0 0-- -
iiea o 4 ro 2 o o I o I 1198 o

1967 - 0 0 l2 2 0 0 0---
iiosolooll0203ol

1967 - 0 0 0 0 0 0 0 0---ii6doooooooo2o2o
ts61 - I l0 0 0 0 0 0---
iirsorlooooooooo
1961 - 0 0 0 0 0 0 0 0---
iiraoooooooooooo
1961 - 0 0 118 0 0 I 1---
is6i o o 3 022 o o o 6 4 o 3

1967 - 0 0 1 0 0 0 I 0---
iiis1t332t43olol
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ROTHAMSTED INSECT SURVEY

2.<c)

records of ,he moths of economic interest (1967 and 1968)

Pest Species

Melanchra p?Eicarlae
Dot Motb

Opcrcphtem btu naaa
Winter Moth

Ab?arat grossuloriata
Magpic Moth

Agtotis s.gerum
Turnip Moth

Frainis d.Iollaria
Mottlcd UDbcr

P h logop hora rn e a i cal o s a
Angle Shad€s

AlsoDhlh a.scularia
March Moth

Ghosl Swift

Common Swift

AAturis ipsilon
Dark Sword Grass

Ftp roc t I s c hr y sor r h o a a
Brown Tail

,1 grotis .rc lo ma, lo nls
Heart and Darr

Silv.r Y

6;,i 5g:. B8i.E..E
*tE?EE:e,E-:{
sIegisEEEEE;
tgs 3g€9agFR 6 Ycar

- Q- g I r 0_ o __ 1 1967o o o o o r l2 o 3n t iarei

- !-30 0ll 0_ t__ 9 1967r o r 68 o 2 o o on z I itaa

-- 17 -:- 0 t 13 t05 _ 3 _ _ 3 t967or8 lr o t2g5e 2 o t c 1 ii66

- Q- 0 0 0 0_ o__ o t7oolooroorooiifii

- 9- 4 O 4 O _ O__ O t967o o 14 t8 o 5 o o o re.ll r o ifii

- 2- 0l0 t- 6__ o lg6'to o2r o t 2 4 o rr a e o ifii

- o- 0 0 6 0_ o__ 2 1967o o o o o 5 o o ocs s e ii6i
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_- i- g ?t3 0_t6__37 ts677 5 s9 o li m o 6 2s 23tttt it6,

-:4- 3 714 l0_ t__ 3 tg67817fit2 5t3 8 3 t rtrsrl it6i
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ROTHAMSTED REPORT FOR 1969, PART 2

TADX,E

The Rothansled Insect Sutvey-Light Traps: two yedrs'

Pc.t SD€ai€s

Mclan hrd p.ricaria.
Dot Moth

Owtuphtetu burruta
Whter Moth

Abnxat stussulariara
MasDic Moth

Agro,k s4.tum
Tumip Moth

E a&k dcloliaria
Mod6d ljmb(f

Phlogophon n rkulota
Anglc Sbades

Alsophila acs.uloia
M{rch Moth

Hcplallt hurnuli
Ghosi Swift

Common Ssilt

Agtotit iptllol
Dark Sword Crass

F.uproclb chryto hoca
Bro$n Tail

.4groris cxclan oliorrtr
Hcart atrd Dart

Silvcr Y

eEe
-ooaEbEE A3=6

!; EEE
5;;EES=E"ECE,teE;5*'58.e'6>dEfi63ppt65i

Yaar..a6-o
1967 -- 325 6l !- 3 3-
l96t rll 3 3.1 3 0 0 6 910

t967 - - s 0 2 I ll4 - 6 6 -1968 0 I lr 2 2 I107 0 3 t0 t0

t967 - - 8 t3 t0 41 123 - 71 23 -r96t 7 3 fi 8 9 196 rt$ 54 5

t7 -- o I o 3 2- 0 0-
t96t 614 0 0 6 5 361 0 0 0

1957 -- 2 0 0 050- l7-
t96t 0 I 2 0 0 048 0 0 5 0

1967 --t2 0 0 2 7 -13 4-
t968 3 3n 2 0 2 5 212 2l

1967 -- 6 0 0 0ll - 0 9-
196t t 423 6 4 t 35 6 I 6 0

1961 -- 0 0 31 t- 0l-
196t002030700t0

t7 -- r lt2 lt 3-23 2-
1968 39 I 8 3 9 0t2 7 7 t 0

1967--0000t-31-
196t01200000920

t7 -- o I 0 0 0- o 0-
196t00000000000

t7 --tt57 33 t9 14-29 8-
t%t 93 63 33 r05 65 33 21 599 n 32 6

t7 --23 2 515 t-2,t0-
1968 t2 t6 2t 11131 73 4t 30 0
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ROTHAMSTED INSECT SURVEY

4d)
records of the moths of economic inlerest (1967 and 1968)

Pcst Spoci€s

Mcloncba Dusicariae
Dot Moth '

Operophteru brumata
Wirter Morh

Ab.axos prossula ato
Maspie Moth

Tumip Moth

Erunnis deloliaria
Mottl.d timbcr

Phlogophon neticulosa
ADglo Shadcs

Alsophila oesculatia
March Moth

Chost Swift

Common Swift

DaiL Sword crass

Eu?tuctis ch.),to ho.d
Brown Tail

Agroris exclaDrtionis
Hcart and Dart

Silver Y

Year

1967
1968

t967
1968

i
aub

',i

hi; ;EEE:3.E 5 >r i E. Fe c cESts$;sE€i8;>zr<rzazAAAi
9ES SSS !F FFGB
?- 2 t 8- 0-__49_2 0 2 0I4 0 o 31012 o

84-1540 l3- o___ 9_34 025 t2 0 ,t4 o15 ll 8 9l

8l - 2 I e 8 - _ _ 24 _2ts li I o ? t8 i zs se I rczzl

!- 0l o- l-__ o_000015204004

24-1629t-o___l_24 521 t9 015 o 4ltt 2 2

\- ! 3 0- 0-__ 3 _4 3 2 0 325 | 7 314 5

o_-26 7 7- 0-__t9_6 4 ito 3 6 o 9 e sis o

! I s I - 0--_ 4_102510001012

?- | , I -39-__ o_19 0 2 223 055 2 2 2 t O

! - 0 I I - 3 _ __ 2 _o I I o o 12 I o I r i a

9- 0 o o-32___ o_0 0 0 0 0 083 o o o o o

-4-2a 2J34-84*__s7_
30 57 66 48 361 56 139 l9 25 0 44 68

12, - 7't t6 t2-24 _ __60_
26 155 |2 37 45 tt9 22 132 120 2 35 30

1967
1968

1967
1968

1961
t968

1967
l96E

1967
l96E

1967
l96E

1967
1968

1967
1968

1967
1968

1967
I968

1967
l95E
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INDEX

Agdell Rolation Expcrimen!
bri6f history, 24
ccre€l yields, 64
efrect of phosphare r€sidues. 42
microplo! expcriments, foniliseR. 29. 35
microplot e;periments, layoul 29
residues of ferrilisers otr . 14. 44-i1. 66-.67
rotation plots, 34
soils, 26
total P and K applied, 25

Aphids caughr in rraps, 168, I70-t76

B9(N-dimethylaminosuccimmic acidl
effect on field heans 145
cffec! oD frost rcsistance of Dlants. 146
efect on le3f Drotein- I38 _

effect on plani groflh. 136
cffect on Doraroes. 136-138

Badey
qJr-iitruo-us Barley ExperimeDt, Hoosfield, 18
yields at Saxmundhsm. 91, t00-104. l3l
S?e also C$.als

Barnicld
efect of K fertilis€r r€sidues on. lO
effect of N fertiliser residues on: 9
efect of raDe cake rcsidues on. i9
Rhizobium it\, 149
root{rop experiments. 7

B€aDl Sr? Fi€ld beans
Broadbalk

fertilisers for cercals on, 7-9. t3. 20
rape cake for wh€at on, 20

CCC(2{hloroethyl-trimethylammonium
cbloride)

dimcthylsulphoxide as aid to perctration, t44
eitecl on c.reals. 139-145
efrect on ficld beans. t45
effect on frost r€sistaDce of Dlants. 146
effect on gjbberellh conteDaof barley. 144
eff€at on laaf Drotein. 139- 142
efr€ct on lodging of;ereais, I39, t4t, t43, t44
effect on plalt Arofih, 135
etrect on polalo.s, I3Gl38
effect on s.midwarf *heats. 143. 144
efrect on susar b€et. 139
effect on sweet potato, ll9
eff6t oD wheat dis€as€s. l4l
cFect on wheat varietics- I4l-142
effect on white mustard, I38
harmful residud in $ain, l,l4

Crreals
efrect of CCC on. 139-145
cfrect of farmyard manurc oa. I5. 9l-t 12
cfrect o[ formalitr oll" l1()
6fr€ct of arowth substanc€s on. 139-145
eff€ct of irrigation oo, l4O
etrect of K fertilisers on, 69-90
etr€ct ofN fenilisss on- ll]-rSl
effecr of P fenitiseN o; 39-68,93, tm, IOI,

104
efi€ct of rape cak6 on, 19
efrect of soil slerilisadon on- Illl34
F#"i:Tl;,:,?T;I '
s€cdbed dr.ssinEs on,!39

yicld! witl aDd without fertilis€r r.sidues,
8, 10, r3, 16, 5r-58.64.69.78. 83. 88

.S?e alro Barlcy, Oats, Whcat
4-chloro-phenoxyaccric acid as growrh regulator,

t45

Eth.el (2.chloroethylphosphooric acid)
etrect on barley aDd oaas. 145
effect on planr Eowlh. 116

Exhaustion I-and
cereals -otr, 7, I0, ll, 17, 18, 23,28,32-33,

40, 52-55, 57-58, 6,t-55
caops 8rown. 32
efect of farmyard matrure on. 16. 17
etrect of residues of fe(iliseG on, I0, ll, 13,

r 7. 69-90
efrect of lesidues of manure ard NPK on, I 7
history of, 23
microplo! expariments, fenitise , 33
microplot q\perimeots, layout. 2E
soils. 26
aolal P and K applied, 23
yields. 66-58

Ey6por (Cercospot.lla heDo,richoides\
eff€ct of CCC on, 143

Farnyard manurc
applied at Rothamsled. 15
appued at SaJ(mundham. 9l-ll2
aDplied at Woburn. 25
early errErideDts with. 15.23. 9t
effect ofresiduG ol at Rolhamsl.d. t5-19
eff€ct of residues of. al Saxmutrdhah. 9l-l12
em(rt on n i.?rbun in roilq l/t9
efrect on soils, 96-97. 99-llb
N suppli€d by, 15
P aod K residues of. l8
P conlent of. 94. 97
itsidual value of. 9l-l I2

Field *z,ns (Yicia fabal
effect of glomh rcgutato6 on. 145
€Sect of rcsidu€s oi PK fenitiseB on- 14
yields at Saxmutrdham. 9l

Formalin
direct and residual effecrs, t20. l2l. 123
effcct on cereals. I I 3-l 33
effect on grass. i15, I l?. 126, t34
effect on N coDteDt of crops, Il4, lt7, lt8

120. 122- 123- 126. 130-134
effect on take-all in aeraals. ll4
efect oD wc€ds, I 16

Fostcrs ff6ld
soil sterilisation on, 116,ll7, 126

Gardco Clovcr plot
Rhizobium in" 155

Gibberelic acid
conveEion to Cibb€rcllin Ar in planls, 137
effect on activity of hydrolyaiDg oozymcs, 136
etrect on cell division, 135
effdl oD Dotalo€s. 136-l3t
aff€ct oB sugar beet, 139

Grofih substatrces
chcmical cotrrol of, 135-147
etrect ob 6eld bcans, I45
etrect on potato€s, I3Gl38
cndogenous, 135, 137
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INDEX

horbicidcs aJ, I37
tioo of application, 138
See abo 89, CCC, Ethrcl, Gibberollic acid,

Morphactins
Grass

efrect of formalin on. l16. l17. 126, 134
cfoct ofN fortilis€rs on, tll-129, 134
etrecl of r6idues of faamyard manure on, l5
ofcct of rcsido6 of K fenilisers olt, I I , I 5
effcct of soil sterilisation on, I I 3-l 34

Hoosfield
Contiruous Barley Experimcnt, 7, l8
rapo cako on, 20
.S2. zr$ Elhrnstion l.n.l

Ins€ct survey, 168-185
insccls in suclion lraps, 168, l7Gl76
insocts in lisht tra9s, l6t. 178-185

lrriSation
cfr€ct with CCC, l40-l4l
ofroct x.ith formalin, I17, l19

Kale
cffoct of feniliscr residues on, 50-55, 57, 61,

68,76-79, 82-45
K cootent of. 82, 85
P content of. 57, 6l

Lime
cfrect on nodulation in clovor, 158
otr€ct on fiizo6iun in soil, 157-163

Little Knorr
soil sterilisation at, l15, l16, 120-127, l3l

Matrgolds
affoct of K fartiliscr residuas on, I I
ef6ct of rapc c.kc on, 20
yields at Saxmundham, 9l

Morphacdns
otrct oo platrt sroMh, 136
cffact on Dotrtoa6, ll8

Motbs caurht in traDs, 168. I?8-185

Nabaln, I13, ll8
Nitrogco fertiliser

cffccl of r€sidues of, 7-12
cfi61 on cer€als. 7-9. ll+128
offact otr grass, I l+128
efect oo .Rhzo6irn in soil, 149-166

Oats, cfect of CCC on, 143

Park G.ass plots
oarly cxpcriments, 7, 11, 15
efrct of fcrtiliser E6idues on, I I
efi61 of sa*dust on, I1
rosidual fermyard manure on, 15
Rhlrobium in, 156-166

Pas(ures field
soil storilisation on, ll5, 116,l2l-127,132

Phosphorus fcrtilis€r
applicatiotr methods, 43, ,17, 49
combircd ofr€ct witfi farmyard malluIe, 17
combin€d efrcct with K fertilisar, 12
valuo ofn sidu.s, 12, 17, 39

PhGphorB in dops, 5,1-{l
Phosphorw in roil

at Rothamst6d, 27
at Sartrrmdham, 94, 103-11 I
chatrg.s after plouShing, 106
cbaagcs otr croppaog, 106
labile, 97, 109
soluble, 97, r03, t09

Phosphorus rlsidu€s io soil
cmp yields wi(tr and $ilhout, 12, 17, 39-68

188

Phytokinins
slimulation ofcell division by, ll7

Potassium fenilis€r
combined efiect *ith farmyard Danure, 17
combined efrect with P fertiliscr, 12
cfroct of re6idues of, l0
values of residues of, 59

Potassium in crops, 7H6
Potassium in soil

at Rothamsted, 27
at Saxmundham, 103-109

Polassium r€siduas in soil
crop yields wirh and without, 10, 17, 69-90

Potatoes
eff€c-t of farmyard malur€ on, 16, 100, 103
emect of arow l acgulators oD. 136
in rotation wiih eials- 9
K contert of. 79, 81, 84, 85
P contcot of, 54, 56, 57, 59
response of varieties to gowth substanccs, I 37
yields at Saxmundham, Im, 103
yields with and wilhout fertiliscr rGsidu€s, ll,

14, 43, 52, 54, 56, 59,66,70,75,78,79,81,
84, 85

Rape cake
applicd on Agdell field, 24
€arly experirnents with, 19
eo€ct of residu€s of, 19

Rhizobiun in soils
eff€ct of farmyard manure on, 149, 16l
cffe.t of fertilisers on, 149, l5cl63. 165
eff€ct of lituina on, l5GI63, I65
efr€cl of soil acidity on, 164
.ff€ct of weeds on, l5l, 153, 164
cffecliveness of stlahs of R. tilolii, 158-166
in bare tallows, l5l, 152
in Garden Clove. plot, 155
in ParL Crass plots, 157-163
method of countin& 148, 152, 163
numbcrs io arable ficlds. l5l
numbcrs in rhizospbere, t5l
lesl legumos for, 149, [51

Root nodule bacreria, 148

Sawdust. efect on Park Grass. I I
Saxmundham

soil sterilisation at, ll5,117,123, 126
S?e ,/so Sarmurdham Rotation ExDorimedt

Saxmundham Rotatioo Experimcnt
C and N accumulation in soils. 96
chatrg€s in P conteot of soil, 97, r05-l l0
comparisoD of soils ilr Rotstio$ I and II, 96
crop r6ponsc and soil analysis, I l0
exchangeable K in, I05-I0E
fertilisers appted, 92-94
monocalcium phosphate potenlials, 94
P in soils. labilo and solublo. 97. 109
phosphal€ r€covery, 97
profihbility of the roration, 92
r€sidual value of farmyard manure,9l-ll2
r€sidual valuc of fartilisoB, 9l-l l2
soil analysis, 91, 9+101, 105-ll2
yields, 93, l0l-104, I l0

Soil analysis
at Saxmuldham. 9,1-lol, 105-l l2
C atrd N actumulation, 96
comparisoD of Rotations I and Il at Sax-

munalh&m, 96
crop &sDons€ and, I l0
methods, 26, 9l

Soil sleailr'setion, etr€cts on ccreals and grass,
I l3-l34

Suaar beet
cfroct of farmyard manur€ on, lo2, 103
efl61 of $o$th substances on, 139
eff€ct of seedbed dre$sings on, 47, 49
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recovery oI, 97
residual valuc of- 9t-tI2

^ value of rcsidues for amble crops. JgJg
K conlont of. 82. 85
P conacnt of. 57. 6t

_ 
r,13:rtrL:ii. 

xi:i1:rTfemriser 
residues. 8.

swf€l ftoaato (Ipo,rroea batatust
etrect of CCC on, D9

a{2J,5-t chtorophenoxy) propionic acid
_ irlr groMh regulator, 145
I UIfuDI

etrffit2offirmyard manure and p ferritiser on,

INDEX

effect of rcsidu€s of K feniliser on. lO
yields, 102. l0l

whe3t
semi-dwarf, effect of CCC on- t4t
yiclds at Saxmundham- 9l
5.. also C.re ls

White musbrd (Sirarr:r alrr)
etr€cr of CCC on. il8

Wobum*B: 
irld 

,r, 22. eo, n4, .t6, Il7-'|e, 124.

Rhizobiun io solls- ruA-l67
S??akoWobum pcrmanent Wheal and Barley

txpenmcDt
Woburn _Permanent Wheat and Barlcy Expcri.

ment
brief history, 25
effect of fertiliser r€sidues on. ll. 22-90
mrfioptot exp€riments, fertiliseB given. l7
sriit.ro2Sror 

cxpenmcnrs. tayout, 30; 36

tolal P and K apptied, 25

t02, 103
feniliser r€sidues, I l.
67, 12, 18-79, 82, A5,

94,99
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CONVERSION FACTORS

FsctoG fo( the Cotrv€Ision of Imp€risl to Medc Units

1 inch (in.) : 2'540 centimetres (cm)

1 foot (ft) (: 12 in.) : 3o''18 crn

I yard (yd) (:3 ft) : 0'91,14 netre (m)

I square yard (sq yd) : 0'8361 sq m
I acre (:1840 sq yd) : 0'4047 hectare (ha)

I ounc€ (oz) : 28'35 erams G)
I pound (b) : 0'4536 kilosram (kg)

I hundrcdweight (cwl) (:112lb): 50'80 kg
1 ton (:22,10 lb) : 1016 kg: 1'016 nr€tric tons (tonn€s)

I pint : 0'5682litre
r galon GBI) (:8 pints) : 4'5'16litre
I fluid ounce: U20 pint : 0'02841 litre: 28'41 nl
I cubic foot :28'32itre

To contefi MuhblY bY

ozlacre to gAa 70{6
lb/acre to kg/ha l'l2l
cwt/ase to kg/la 125'5

cwt/acre to tonrcs/tra 01255

tons/adp to kg/ha 25ll
tols/acre to tonnes,/ha 2'511

Eauacre to litre/lla 1l'233

TIE ldlovi,a facrott orc cccan e ro obM 2 Ports b n:
I lb/acre : 1'1 kg/ha

1 Sallon/acre : 1l litreAa
I ton/acre : 2'5 tonnes/ha

It gctcrol rca&g ol lhe ,cxt tbrc rill bc u $a iuccrrqcy in rqarditE:

llb:05ks
llb/ac{€:1k8/ha

Temperatuts

To convert 'F into 'C subtract 32 and multiply by * (0'550
To convert 'C into 'F multiply by g (l'8) and add 32

lm
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Factors for the Conversion of Metric to ImDerial Udts
I c€ntimetre (cm)
I metre (m)
I square metre (sq m)
I hectare (ha)

I gxam (g)

I kilogram (kg)
lkg
I metric ton (tonne)

: 0'3937 inch (in.):0.03281 ft
: 1.094 yards (yd)
: 1.196 square yanls (sq yd)
: 2.471 acrcs
: 0.03527 ouuc€ (oz)
: 2'205 pounds (lb)
: 0'01968 hundredweight (cwt) : 0.0009842 ton: 0'9842 ton

I litre : 1.760 pints: O.22OO galon Gal)
I litre : 1000 mililitres (ml) : 35.20 fluid ouoces : 0.03531 cubic foot

Plaot trutienis

P-lant nutrients are best stated in terns of amo-uDts of the elemenh (p, K, Na,Cg, Mg, S): the old 'oxide' terminology pzOs,_KrO, N"lij, Ciij,'ilgq loO i,still used in-work invotving fertitiseii and timinj ,i;A 'R-egui"ii;;' ;eqiiir;
statements of PzOa, KaO, etc.

To come

glha to ozlacre
kg/ha to lb/acre
kglha to 6 tlaqe
toDnes/ha to cwt/acre
ka/ha to tons/acre
tonnes/ha to toos/acre
litre/ha to gal/acre

Multiply by

o'0147
0.8921

0.007966

7.966
0.0003983

0.3983

0.08902

?xPrOE:P
*xKrO:K

iixCaO:Ca
IxMgO:Mg

To con ett
P to P2Oi
K to KzO
Ca to CaO
Mg to MgO

For qaick convetsbas

(accurate to withitr 2ZJ the following factors may be used:
2j x P : PzOs

llxK : KsO
lfxCa:CaO
l3 x Mg: MsO

For accutate coayenioas :
Io coaw

PsOs to P
K2O to K
CaO to Ca
MgO to Mg

Maltiply by
o-43U
0.830t
0.7146

0.603r

Mllfuly by
2.2915

t.2047
1.3994

1.6581

l9t
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