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SOME RESULTS OF THE SURVEY OF
FERTILIZER PRACTICE, 1950

By B. M. CHURCH

INTRODUCTION

Attention was focused on fertilizer policy in 1940 when it
became clear then that not only would agricultural production in
Great Britain bave to be expanded as much as possible, but that
every effort would have to be made to economize in the shipping
space required for the import of fertilizers and feeding stuffs. In
order to take decisions, for example, on the optimum proportion of
shipping space to be allocated to fertilizers and to feeding stuffs it
was necessary to know :

(a) the average responses of the different crops to different
amounts of fertilizers, together with regional and other
relevant differences in their responses,

(b) how farmers actually used the fertilizers available to them.

The amount of information readily available on these points at
the time was slight. However the summarization of the results of
fertilizer trials, undertaken by Crowther and Yates (1), provided
valuable information on the responses of crops to fertilizers and
enabled the priority of the needs of different crops to be laid down.
At the same time more detailed and accurate information was
required on how fertilizers were actually used, both for supply
P and to see whether fertilizers were being used efficiently.
It was with these objects that a Survey of Fertilizer Practice was
carried out in 1942(2). The survey was a success from the start,
and has been continued in various forms up to the present time.
It provided valuable evidence in favour of continuation and in-
crease in the supplies of fertilizers, made clear certain defects in the
original over-simplified rationing scheme, and showed where
farmers were failing to use their fertilizer supplies to best advan-
tage. By 1946 information on fertilizer practice for the principal
farming types throughout Great Britain was reasonably complete.
However in 1948 a rapid survey was carried out in five districts to
gauge the extent of the fertilizer shortage, which had been aggra-
vated by the exceptionally early season, and to examine the effect
of the shortage on fertilizer practice(3).

THE 1950 SURVEY

During 1950 the survey was carried out in nine districts and it
is planned to resurvey the same or similar areas in 1951 and possibly
in 1952 so that changes in the use of fertilizers which may result
from the reduction of subsidies and other factors may be examined.
As in previous years the survey was carried out on behalf of the
Provincial Advisory Chemists of the N.A.A.S. by members of their
staffs in co-operation with the Statistical Department at Rotham-
sted.

In each of the districts chosen for survey the farms were
grouped according to size (10-49, 50-149, 150-299 and 300 or more
acres crops and grass). The farms to be surveyed were selected at
random from within these groups, the sampling fractions being
chosen so that the sample for a district included about ten or more
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farms from each size group. This procedure was desirable to ensure
that land on large farms was adequately represented and it in-
creased the precision of sampling since fertilizer practice is known
to be rather different on large and on small farms.

On every farm chosen for survey, details of fertilizer practice
for the year 1949-50 were recorded for a random sample of the fields
under each crop. When there were two or more fields under a
crop two were examined, and records for a third field were taken
when there were more than six fields. Acreages of all fields on the
sampled farms were recorded and totals of these acreages were
checked against 4th June returns. It was thus ensured that the
results were not biased by the exclusion of outlying fields from the
sample. Wherever the additional work of soil analyses could be
undertaken soil samples were obtained for one tillage field, one of
temporary grass and one of permanent grass selected at random
from the surveyed fields on each farm.

Areas reasonably homogeneous for soil type and type of farming
were surveyed and the districts were chosen so that the major
farming types of the country were represented. Arable farming
areas were represented by the districts of East Shropshire, South
East Wiltshire and the eastern part of the West Riding of Yorkshire.
Of the dairy farming areas South West Cheshire and North Dorset
were surveyed, and information on other predominantly grassland
areas was obtained from Northumberland ,North Buckinghamshire
and Cardiganshire. It was proposed to survey the Isle of Ely and
East Suffolk but unfortunately, due to acute shortage of staff, this
was not possible and East Anglia is not represented. The survey
was also carried out in Northamptonshire but results for this
district are not available at the time of writing. A brief description
of the surveyed districts is given in the appendix.

In this summary of the findings of the survey, comparison
is made between fertilizer consumption in 1950 and in earlier years.
The supply of farmyard manure and its distribution between crops,
the use of fertilizers on grassland, and the use of nitrogen on cereals
and root crops are also briefly discussed.

FERTILIZER CONSUMPTION

- Before discussing the use of fertilizers for individual crops and
in the different districts of the 1950 survey it is of interest to see
how the consumption for the whole country has increased in recent
years. The figures in Table 1 show that the considerable increases
in the use of all three components which took place between 1944
and 1948 have continued.

TABLE 1. Consumption of fertilizers in the United Kingdom*
(thousand tons per annum for years ending June 30th)

N P,O, K,O
1939 60 170 75
1944 182 344 113
1947 164 355 108
1948 185 396 177
1949 184 418 196
1950 213 461 234

* Obtained from Mouthly Digest of Statistics (4).
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Between 1948 and 1950 nitrogen consumption increased by
fifteen per cent, phosphate consumption by slightly more than this,
while potash consumption increased by thirty per cent. Since there
was a shortage of fertilizers in 1948 the rate of increase during the
last two years may have been slightly less than is indicated by the
table.

Fertilizer consumption is of course far from uniform throughout
the country, varying with the soil type of the district and with the
cropping. There are also considerable differences between districts
of similar soil types in the manuring of individual crops. In Table 2
the fertilizer consumption per arable acre on arable land is shown
for each of the districts surveyed. The use of fertilizers on the
permanent grassland, which is excluded from this table, is briefly
discussed in a later section of the report.

TABLE 2. Use of farmyard manure and fertilizers on arable land
(Overall rates F.Y.M. tons, N, P,0; and K,O cwt. per arable acre)

P,O; Total
District FYM N Solinsol. P,0;K,0

Mainly arable districts

W. Riding 2-7 -29 -30 -08 -38 -32

Shropshire 2-4 -38 -36 -13 -49 -37

Wiltshire 0-6 -20 -31 -05 -36 -26
Mainly dairying districts

Cheshire e e 4:6 -15 -18 -14 -32 -16

Dorset 2-1 -15 -20 -13. -33 -18
Other grassland districts

Northumberland 2-0 08 -14 -30 -44 -09

Buckingham 0-8 -09 -13 -16 -29 -07

Cardigan 1-6 -04 -08 -290 -37 -09

Nitrogen and potash are used more liberally in the arable
farming districts, and the overall rates of application of potash are
similar to those of nitrogen in most areas. Phosphate consumption
varies much less from district to district and the variation is not so
dependent upon farming type, thus the N :P,O4: K,O ratio in
arable districts is about 1 : 1.4 : 1 but in the poorer grassland dis-
tricts it is approximately 1 : 4 : 1. As would be expected, the
proportion of phosphate supplied as slag or in other less soluble
forms, is greatest in the grassland areas. Of the arable districts in
the sample Wiltshire naturally uses rather less fertilizers than the
highly farmed areas of East Shropshire and the Vale of York where
potatoes, sugar beet and other root crops are more important.

There has been no marked reduction in the regional differences
in fertilizer practice in recent years since the increases in fertilizer
consumption have been as great in the progressive arable areas
which were already using more in 1945. The poorer grassland
districts are using more fertilizers on their arable land than they
were {ive years ago, and the proportionate incre1se in use of nitrogen
and potash bas been great since virtually none was used in 1945,
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however the present rates of application in these districts are still
very low. Comparative figures are given for Cardiganshire and for
the Morpeth-Corbridge district of Northumberland :

Application of fertilizers
(cwt. per arable acre)
N P,O; K0
Cardigan .. 1945 -01 -35 -01
1950 -04 -37 -09

Northumberland 1945 -02 -20 -01
1950 -08 44 -09

Changes in nitrogen and potash consumption in the dairy
farming areas seem to have been rather greater and consumption
of these nutrients was already appreciably higher in these areas in
1945. The figures for North Dorset may be compared with those
from an earlier survey in the Honiton district of East Devon :

Application of fertilizers
(cwt. per arable acre)
N PO, K,O
East Devon 1945 -06 -37 -04
N. Dorset 1950 -15 -33 -18

Evidently phosphate consumption on arable land has hardly
changed in the last five years in some of the grassland and dairying
districts.

In the highly farmed arable districts, such as the West Riding
and East Shropshire, fertilizers have been used generously for many
years. In the West Riding increased consumption of nitrogen since
1948 has been largely on the temporary grassland while much more
potash has been used on all the arable land:

Application of fertilizers
(cwt. per arable acre)

N P,O; K, O
West Riding 1944 -24 -29 -20
1948 -21 30 -19

1950 -29 -38 -32

The present level of consumption in the West Riding, particularly
on the grassland, is below that of East Shropshire where the
increase appears to have taken place earlier and the amounts of ferti-
lizers used on the arable land changed little between 1948 and 1950 :

Application of fertilizers
(cwt. per arable acre)

N PO; K,O
East Shropshire 1944 -29 -41 -21
1948 -38 -45 -30
1950 -38 -49 37

In addition to the large variation in fertilizer practice between
districts, farmers in the same district differ greatly in their use of
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fertilizers, and one aspeci of this variation is shown in Table 3. The
differences between the rates of fertilizers per arable acre on large
farms and on farms of less than 150 acres crops and grass are given.

TABLE 3. Differences between the amounts of F.Y.M. and of ferii-
lizers used on arable land on farms of more than 150 acres and on
smaller farms.

(tons F.Y.M. and cwt. N, P,0;, K,O per arable acre)
FYM. N POy, K,O0
-14

W. Riding .. .. —1-1 -12 -13

Shropshire .. .. —0-8 -10 -00 -10
Wiltshire .. —0-3 -10 -08 -13
Cheshire A 0-6 <00 -18 -04
Dorset - . —2-4 07 —-01 -19
Northumberland .. —1-3 —-03 17 —-04
Buckingham oo —0-2 -06 -11 -06
Cardinganshire .ee. —0-8 —-03 12 —-07

In all districts except the dairying area of Cheshire where farm-
yard manure was freely available, more farmyard manure was used
per arable acre on the small farms. These farms generally have a
smaller proportion of tillage acreage and have more of their resources
in dairying. The larger farms used more fertilizers per arablc acre
in all surveyed districts except Cardiganshire.

Such differences arise in part because in many districts heavily
manured cash crops tend to be grown on the larger farms, however
there is also a greater awareness of the value of fertilizers on the
larger farms and they can more readily afford the necessary outlay.

A more detailed examination of the East Shropshire figures
appears to indicate that since 1948 the difference between use of
fertilizers on large and on small farms has decreased. Fertilizer
consumption has been maintained on the larger farms while that
on the smaller farms has increased. However, it should perhaps be
pointed out that with samples of the size taken in the 1950 survey
(about 40 farms in a district) apparent changes of this kind can only
be regarded as suggestive as they may result from the inclusion of a
few atypical farms.

FERTILIZER SUPPLIES

Supplies of fertilizers in 1950 were generally satisfactory with
the exception of basic slag which was in short supply in most grass-
land districts. In Northumberland sufficient slag was available,
but 25 per cent of the farmers stated that they had to take a lower
grade than they ordered. In Cheshire, Buckinghamshire and
Cardiganshire about a quarter of the farmers had difficulty in
obtaining slag, one or two stating that they received as little as a
third of their requirements. Others had to take lower grades or,
as some preferred to do, go without supplies. There seems to have
been a local shortage of potash in Cheshire where 15 per cent of the
farmers might have used more had it been available. In most
districts one or two farmers in the sample had difficulty in obtaining
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nitrochalk, and this was particularly the case in East Shropshire,
but supplies of nitrogenous fertilizers in general were sufficient to
meet requirements.

SurpPLY AND DISTRIBUTION OF FARMYARD MANURE

The supply of farmyard manure in a district depends on the
proportion of the land which is under grass, the level of stocking
and the extent of the winter feeding of dairy cattle and bullocks.
Thus in general supplies are more abundant in the north and west
of the country but are somewhat restricted in the south-west owing
to the length of the grazing season.

The table below shows the way in which farmyard manure is
distributed between crops in the different districts, and the pro-
portions of the crops which are dressed.

TABLE 4. Supply and distribution of farmyard manure

Percentage total supplies | Percentage of crop
used on acreage dunged

F.Y. M. Roots, Roots,

available other other
District tons/acre | Cereals tillage Leys P.G. | Ceresls tillage Leys P.G.
W. Riding 2-2 2 95 2 1 1 54 3 1
Shropshire 1-9 10 81 5 4 6 60 + 3
‘Wiltshire 0-7 17 39 6 38 4 31 1 13
Cheshire 2-4 5 27 36 32 6 76 50 12
Dorset 1-1 b 25 20 50 5 41 21 9
Northumberland 1-2 7 b2 18 23 3 37 9 El
Buckingham 0-5 25 38 22 16 6 28 6 2
Cardigan 1-0 8 62 23 7 3 54 6 2

It is known from previous surveys that in highly farmed arable
districts such as East Shropshire, and in the greater part of the
Eastern Counties, virtually all the farmyard manure is used on the
arable land, most of it being applied to cash crops, potatoes and sugar
beet, except in East Anglia where a large proportion of the cereal
acreage is also dressed. Wiltshire is exceptional amongst the arable
districts in that nearly half of the limited supply of farmyard
manure goes on grassland and only about a third of the potatoes
and other roots are dunged.

In the dairying and grassland districts however the use of much
of the farmyard manure on grass is the general practice. An ex-
treme example is North Dorset where almost three-quarters of the
dung is used on grassland. Yet the survey has shown that in this
district as in many other parts of south-west England the arable
land gets relatively little farmyard manure. Thus in Dorset a
quarter of the potatoes and half of the kale receive no farmyard
manure, while the average rate of application to tillage was only
2 tons per acre in 1951. By contrast in Cheshire where supplies are
plentiful, heavy dressings of farmyard manure are applied to most
of the root crops and the kale.
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THE UsE oF FERTILIZERS ON GRASSLAND

The foregoing discussion on the use of fertilizers has been
mainly undertaken in terms of the acreage of arable land. Until
very recently the total fertilizer consumption of the country
was largely determined by the amounts applied to tillage crops.
Since the end of the war, however, and especially in the last two or
three years the amount of fertilizer applied to grassland has shown
a rapid increase. Whilst comparison with previous years is possible
for only a few areas it is clear that the increases have not been by any
means uniform over the country. The proportions of the grassland
acreage which received fertilizers in 1950 are shown in Table 5
for some of the surveyed districts. Figures from earlier surveys
are included for comparison.

TABLE 5. Percentage of grassland receiving fertilizers

Temporary grass | Permanent grass
N PO; KON PO, KO

W.Ring 1044 9 13 013 3 -9
s 4 1T b iln s 3
1950 31 42 18 |12 25 5

Shropshire 1944 42 23 5 9 12 0
1948 61 49 26 |38 41 14
1950 74 64 41 57 45 27

E. Devon 1945 7 24 2 1 11 2
Dorset 1950 - 68 54 25 18 16 5
Devon 1945 8 5 0 2 6 0
1949 7 R - 1 St | 2
Cardigan 148 9 8 =13 11 3
1960 - 11 -3 9 4 2 2

It appears that in the main dairying districts (e.g. Cheshire and N,
Dorset) and in the predominantly arable districts (E. Shropshire
and the Vale of York) there have been considerable increases in the
consumption of all three fertilizer components, on both leys and
permanent grass. Thus in East Shropshire half the permanent
grass received nitrogen and phosphate and one quarter received
potash in 1950 against only a very small part of the acreage in 1944.
Whilst similar comparisons cannot be made directly for the dairying
counties, it is possible to use data for adjoining counties (N. Shrop-
shire with S. W. Cheshire, E. Devon with N. Dorset) to show that
increases of much the same general amount as in E. Shropshire
ﬂe occurred for temporary and permanent grass in these districts

In the poorer grassland districts, as represented by Central Devon
and the Morpeth-Corbridge district of Northumberland, there has
been a very large increase in the use of phosphate (mainly as basic
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slag) on grassland of all types, but amounts of nitrogen and potash

applied, even on mowing fields, are still extremely small. Much the
same features are shown by the data for an upland county like
Cardiganshire, except that phosphate consumption has shown less
tendency to increase, due in part perhaps to a shortage of basic
slag in this part of Wales.

It will be realized that the figures quoted in Table 5 are averages
over all fields of leys or permanent grass. In many districts, however,
there are considerable differences between the manuring of grazed
fields and of fields to be mown for hay. The proportions of hayed
and grazed grassland receiving nutrients in 1950 are shown for two
of the surveyed districts in Table 6.

TABLE 6. Use of fertilizers on hayed and grazed grassland

Percentage of acreage receiving
N PO, K,0| N P,0, K,0
Temporary Grass | Permanent Grass

East Shropshire For hay 88 56 45 | 19 9 0
Grazed 68 76 42 |60 47 31

Cheshire Forhay 59 65 38 |47 46 19
Grazed 33 78 39 (44 58 33

These figures are not particularly well determined but it would
appear that rather more nitrogen and rather less phosphate is used
on leys for hay in these districts, the general levels of manuring on
hayed and grazed leys being similar. It is remarkable that in East
Shropshire the permanent grass for hay received much less fertilizers
than the grazed fields. However of the permanent grass fields in
this district nearly all those which were hayed were on the smaller
farms which use fertilizers sparingly, while three-quarters of the
grazed fields were on large farms. To a lesser extent this factor
influences the other comparisons in the table.

THE UsE oF NITROGEN ON CEREALS AND oN Roort CRoOPS

Previous surveys have shown that in districts where the level
of fertilizer consumption is low very little nitrogen in particular
has been used, and the more general use of nitrogen fertilizers in
these districts would certainly lead to a valuable increase in agri-
cultural production. As there has recently been some official concern
that the use of nitrogen, particularly on cereals, might be no longer
increasing, it is of special interest to examine the present use of this
nutrient on cereals.

Trends in the last two or three years cannot be determined with
any accuracy because of the districts surveyed in 1948 only two
were surveyed in 1950. These two districts do not show a con-
sistent trend. In the Vale of York the proportion of cereals receiving
nitrogen appears to have increased by about 10 per cent, while

the average rates of application have increased from -23 to -32

cwt. N. per acre. In East Shropshire it would appear that nitrogen
was used on about 10 per cent less of the cereal acreage, and that
the actual rates of application were also lower in 1950 than in 1948.
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TABLE 7. Percentage of acreage receiving and average actual
rates of application of nitrogen to cereals

District Percentage of Average actual rate

acreage receiving cwt. per acre
1944 1948 1950 1944 1948 1950

West Riding ..o 44 41 50 21 -23 -32

Shropshire e - S 56 45 -30 -37 -26

Wiltshire .. s = — 78 -22 — 25

C. Devon .. By | 2 45% -26* — =227

Cardigan .. Te it e 12 (-12)* — (-32)

* Figures for 1945.
T Figures for 1949.

As may be seen from Table 7 a considerable proportion of
the cereal acreage of the West Riding and East Shropshire does
not receive nitrogen. This is partly, but by no means entirely, due
to the fact that in these districts cereals are often grown following a
heavily manured root crop. Outside the arable districts nitrogen is
still used on less than half the cereal acreage in most areas and the
rates at which it is applied are low.

In general a rather greater proportion of the cereal acreage
received nitrogen in 1950 than at the end of the war but except in
the poorer grassland areas where consumption is still very low the
increase during this period appears to have been fairly small.

The proportions of the acreages of the various root crops and of
kale which received nitrogen in 1950 and the average rates of
application are given in Table 8. Except in one or two districts
where arable farming is of relatively minor importance, for example
Dorset and Cardiganshire, nearly all the potato acreage received
nitrogen and the average actual rates of application were reasonably
high at about 0-8-1-0 cwt. N. per acre. However the rates at which
nitrogen was applied varied greatly within districts, and some of
the potato fields received very light dressings. In Cardiganshire
less than half the potatoes received nitrogen and the rates of
application were low.

In the only two districts where an appreciable acreage of sugar
beet was grown the crop was treated very similarly to the potatoes.

TABLE 8. The use of nitrogen on root crops and kale

(Percentage of acreage receiving and average actual rates
of application, cwt. N/acre)

Swedes
and
Potatoes Sugarbeet Turnips Mangolds Kale

cwt/ cwt/ cwt/ cwt/ cwt/

°% acre 9, acre 9 acre % acre 9, acre

W. Riding = 96 -89 90 -93 73 -70 92 -67 58 -46
Shropshire .. .. 100 -90 99 -99 92 -54 99 -71 100 -66
Wiltshire = == 97 1°35 = ~=——=-87 47 18- -49 47 -47
Cheshire e 33 87 -718 — — 17 -54 66 -61 54 -40
Dorset i - 66 -0 — — — — 60 -55 67 -29
Northumberland - 82 52 — — 35 831 WO ~-290 - 67 :29
Buckingham .. o100 P — — s e e — =
Cardigan e s 48 7 — e—wa—r o= dB 2 —  —
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The manuring of the other root crops was less generally satis-
factory, and only in East Shropshire did virtually all the root
acreage receive nitrogen. Less than twenty per cent of the swedes
and turnips in Cheshire and only 35 per cent of those in North-
umberland received nitrogen, though the average rate at which it
was applied was adequate. In most districts 30 per cent or more of
the mangolds received no nitrogen fertilizer, and in the predom-
inantly grassland areas the average dressings were no more than
0-3 cwt. N. per acre.

The manuring of kale is far from adequate in most counties. In
most of the surveyed districts only half to two-thirds of the kale
received any nitrogen fertilizer. Although it is known from experi-
ments that kale will respond to very heavy dressings of nitrogen
the amounts applied on those fields receiving nitrogen were often
small. Except in East. Shropshire the average dressings in the
surveyed districts were only 0-3-0-5 cwt. N. per acre.
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APPENDIX
Districts covered by the Survey of Fertilizer Practice 195G
County District Number
of farms
surveyed
1. Northumberland An area of mixed farming between 38
Morpeth and Corbridge.
2. West Riding Cash crop and dairying district of the 49
pait of the West Riding lying to the
east of the line Ripon-Leeds-Sheffield
(Vale of York).
3. Cheshire The dairy farming area of south and 40
west Cheshire, excluding the Peck-
forton and Bickerton Hills.
4. East Shropshire The district of mainly arable farming 45

with some dairying around Newport,
‘Wellington, Shifnal and Bridgnorth.

5. North Buckinghamshire  That part of the dairying and mixed 31
farming area of the county where the
dominant soil type is Oxford Clay.

6. South East Wiltshire Arable and dairying district based on 49

the chalkland area of south and east
Wiltshire.
7. North Doiset Dairying district based mainly on 39

heavy soils and consisting of the whole
of Dorset north and west of the Chalk
escarpment.

8. Cardiganshire The whole of the county. Primarily 40
an upland farming area.

9. Northamptonshire The whole of the county. 70
(This district is not dealt with in the
report).

https://doi.org/10.23637/ERADOC-1-72 pp 11


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

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

147

REVIEW OF WORK ON POTATO
ROOT EELWORM

By B. G. PETERS

Before summarizing the work of the Nematology department on
this subject, a brief account of the nematode itself may be useful.
The potato root eelworm, Heterodera rostochiensis Wollenweber,
1923, was first found causing damage to potatoes in 1913, simul-
taneously in Scotland (by Massee) and Germany (by Zimmer-
mann), though there had been a doubtful report of it in Germany as
early as 1881 (by Kiihn). Its origin is quite unknown and there is
no evidence to suggest that it came, with the potato, from South
America. Today it is known as a serious parasite of only potatoes
and tomatoes, and as mildly attacking a few solanaceous weeds.
It was found in Yorkshire by 1917, and in Lincolnshire by 1924.
Since then it has spread to most of the potato areas of Britain and
Ireland. On the Continent it was early recorded from Denmark
and Sweden, as well as Germany, and since 1940 has been found in
Holland, Finland, France and Belgium. Outside Europe it is known
only from Long Island. It thus appears to be limited to temperate
regions, unlike the root-knot eelworm, H. marioni, which extends
from the temperate zones throughout the tropics.

Like the other cyst-forming species of Heterodera, the potato
root eelworm enters the finer roots of the growing plant in spring,
as a slender larva about 0-5 mm. long. Entrance is assisted by the
protrusible mouth-spear (present in all plant eelworms) and it is
probable that histolytic enzymes are also involved. The larvae lie
within the root cortex, some cells of which are destroyed. The head
is closely applied to cells in the developing stele which become
changed into giant cells. These in turn serve as sources of food, and
the general result is to impede the free circulation of sap. The
female worms swell considerably and, the head remaining within
the root cortex, the sac-like body bursts out to the exterior some
five to eight weeks after larval penetration. At this stage the
worm-like males leave the root, fertilize the females, and are found
no more. Most female nematodes lay their eggs as they are pro-
duced, but the potato root eelworm retains hers within the body,
which swells until it is almost spherical, apart from the projecting
neck and head. At first white, the colour of the female changes
through yellow to brown, this being the outward sign of a chemical
change in the nature of the cuticle, which becomes tanned to a
tough leathery coating. At some indeterminate time the female
releases her hold on the root cortex, falls off into the soil and dies.
This stage, a tough, brown, inanimate, spherical sac containing
living eggs, and measuring about 0-5 mm. in diameter, is the
“cyst.” Each egg is an oval, thin, chitinous membrane, about
100 by 47u, having a larva coiled within it when mature.

Cysts vary considerably in size. The largest, nearly 1 mm. in
diameter, may contain upwards of 600 eggs. It is a feature of this
and the other cyst-forming Heteroderas that eggs may remain alive
within the cyst for many years—about 10 years but depending on
conditions. Each year a few larvae hatch from their eggs and leave
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the cyst, so that an old cyst may be almost or quite empty. The
hatching and emergence of larvae is greatly stimulated by a
chemical substance diffusing from the roots of growing potatoes or
tomatoes. If a root is in the vicinity of a cyst, a large proportion of
the contained larvae emerge from the cyst and enter the root, thus
completing the life cycle.

A healthy potato may support many thousands of eelworms on
its roots without obvious signs of distress. Usually, however, a
heavily attacked plant is very stunted in growth. The foliage
readily withers and turns brown and the tubers produced are both
scanty and small, though not otherwise abnormal. In the field, an
infestation first shows itself as one or more small patches of unthrifty
plants, the patches extending with each potato crop. Eelworm
disease makes itself felt, therefore, as a reduction in yield, especially
of ware tubers. The position has been exacerbated in Britain by
two world wars involving a great extension of areas under potatoes,
with potatoes too frequently in the rotation. The annual economic
loss in Britain has recently been officially estimated at £2 million,
which makes this one of the worst of our potato pesis. It is also a
source of serious loss in tomato glasshouses.

The Nematology department came under Rothamsted’s admini-
stration in 1947 and has been located at Rothamsted only since
the summer of 1948. Before that it formed part of the now dis-
banded Institute of Agricultural Parasitology at St. ‘Albans. In
order to see the work on potato root eelworm in its correct
perspective it will be essential to bring under brief review the earlier
work at the Institute—work carried out successively by some who
have never been on the Rothamsted staff : D. O. Morgan, Marjorie
J. Triffitt, R. H. Hurst, Enid M. Smedley, and C. T. Calam.

The Institute’s work started when Morgan investigated the
Lincolnshire outbreak in 1924 and was joined a year later by
Pelers. After 1926 the biological problems were taken over
successively by Triffitt, Franklin and Fenwick, Peters returning to
them in 1945. Chemical aspects were “ealt with by Hurst, Smedley
and Calam. i

MORPHOLOGY AND SYSTEMATICS g

At first all the cyst-forming species of Heferodera were regarded
as biological strains of the one species H. schachtii, now the sugar
beet eelworm. Misled partly by a German report that the potato
root eelworm could slowly become adapted to living on beet,
Triffitt (1928) concluded that Wollenweber’s species, H. rostoch-
tensis, could not be defended. She also found that the Lincolnshire
strain produced smaller cysts when transferred to Hertfordshire
clay. She noted that these cysts, and others from Ormskirk
(1929b), were always of the round type, unlike the lemon-shaped
cysts from most other hosts. Franklin (1939b) found that the
latter bore minute superficial punctations, randomly scattered,
whereas the potato strain resembled another round-cysted
species (described from wheat in the United States of America)
in having these punctations arranged in rows. Later (1940a)
Franklin showed that at least some strains could be distinguished
by measuring the lengths of larvae newly hatched or dissected
from cysts. In the same year (1940b), on the basis of cyst char-
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acters, lengths of males, length and digitation of spicules, and
length of larvae, she split up the species H. schachtii, reinstating
H. rostochiensis as the name of the potato root eelworm, and
establishing two others. In addition, Fenwick and Franklin (1942)
specified standard conditions for the measurement of larval lengths.

In 1935 Triffitt called attention to ‘ microcysts,” spherical
bodies with a neck, found in soil, and closely resembling small cysts
of the potato root eelworm. While the largest of these is larger than
a small eelworm cyst, the smallest is actually smaller than an
eelworm egg. If not empty, they contain an undifferentiated
cytoplasm, and the wall is rigid and laminated. They are not of

nematode origin, but no mycologist or zoologist will yet claim
them.

LIFE-HISTORY AND BIOLOGY

Triffitt (1930b) showed that the potato root eelworm tends to
pass through only one generation in a year, although there would
seem ample time for at least two during the potato’s growing
season. She found that cysts attached to potato roots did not turn
brown until more than nine weeks after infestation in the spring.
Later in the season some started browning before seven weeks, and
by August all white cysts visible to the naked eye turned brown
within 24 hours on exposure to the air. Eggs from white cysts were
found to be immature.

Franklin (1938) showed that one-year-old cysts contained more
eggs, and the hatching larvae invaded potato roots more rapidly,
than was the case with older cysts. She had earlier shown (1937b)
that hatched larvae survive in soil outdoors for 9 months, and in
the laboratory for at least 16 months. Both these points have a
bearing on the formerly frequent practice of growing potatoes year
after year on the same land. The delayed hatching from older cysts
might enable potatoes, in a rotation, to establish themselves before
the invasion of their roots became heavy. In such a case the crop
would be less likely to fail, though it might carry a large population
of cysts later in the season.

In a pot experiment in 1925, Morgan had found potato eelworm
cysts on tomato and Solanwum dulcamara but none on sugar beet or
mustard, or any other crop commonly grown in South Lincolnshire.
Triffitt (1929¢) could find none on ten solanaceous species tested.
Franklin (1940a) carried out numerous infestation tests but, of
cultivated crops, only tomato and potato were susceptible, and of
other solanaceous species only S. dulcamara, S. utile and Atropa
belladonna.

Triffitt showed (1930a) that oxygen was essential to the hatching
of larvae in the laboratory. She and Hurst (1935) studied the
thermal death point and found that the following exposures of
cysts to hot water were lethal : 45 minutes at 116°F, 30 minvtes at
120°F and 5 minutes at 130°F, shorter exposures at these tempera-
tures retarded subsequent hatching. Exposures up to 1 hour at
110°F were without effect. Cyst contents are less susceptible
to dry heat, judging from results found elsewhere.

In 1929b Triffitt reported feeding cysts to pigs. After passage
through their alimentary canal the cysts were no longer viable,
though it is unlikely that temperature is the lethal factor.
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RooT DIFFUSATES

Early German work with the beet eelworm had shown that
larvae were stimulated to hatch by a substance diffusing from the
roots of the host plant. Morgan (1925) had failed to stimulate
potato eelworms with diffusate from mustard (a host of the beet
eelworm, then thought co-specific with the potato root eelworm)
and had found that, when mustard was grown in the same pot as a
potato, even the latter was only lightly infested. Triffitt (1930a)
went thorougbly into this question, which has two main aspects :
(a) the nature of the stimulating substance, and (b) the reason for
the inhibitory effect of mustard. She found that the diffusate is
produced only during the growing season but is not confined to the
root tips. Though rapidly destroyed under non-sterile conditions,
the substance is heat resistant, leachings retaining full activity after
being reduced to half their volume by boiling. It remains active at
high dilution (3 drops of leachings to 25 c.c. distilled water). The
diffusate from mustard is present in shoots as well as roots, is less
readily inactivated under non-sterile conditions, and has the effect
of antagonizing the potato diffusate. This links up with later work
by Smedley (1939) who found that sub-lethal dilutions of certain
isothiocyanates delayed the onset of hatching. Triffitt also found
that there is a dormancy period in winter during which larvae
hatch very sparsely. In 1931 she showed that excess of diffusates
did not check potato growth.

In 1932 Triffitt showed that root diffusates from certain grasses
stimulated the hatching of potato root eelworm larvae, though
these did not infest the grass roots. This was confirmed in a field
experiment. In a later report (1934) she had good results from the
meadow grasses (Poa trivialis and P. pratensis), moderate from
rye grass (Lolium perenne) and slight from cocksfoot (Dactylis
glomerata). Seven other grass species had no effect. This work was
followed up by Franklin (1937a) who showed that white and yellow
maize stimulated hatching ; the effect was less than that of the Poa
species, but maize is a more practicable field crop. She also found a
slight response from Alopecurus pratensis.

The chemical nature of potato root diffusate is not only of
theoretical interest : if known, it might point the way to effective
control measures. Thus, if it could be cheaply synthesized, it might
be applied to infested soil in the absence of a potato crop and so
cause the larvae to hatch and then die of starvation ; alternatively,
the hatched larvae might be more vulnerable to attack by nemati-
cides. The first step, concentration of the diffusate, was undertaken
at the Institute by Hurst (1935, 1937) who produced an active
powder by evaporation and ethanol precipitation of leachings
from potted potatoes. In 1939 Calam, from Professor Raistrick’s
department, used leachings from potted tomatoes, adsorbed the
active substance on charcoal, and then eluted it with aqueous
acetone. The later, purely chemical work was done by Calam and
others under Professor Todd, at Manchester, and latterly at
Cambridge.

PATHOGENICITY
From the start there has been doubt as to how far the potato
root eelworm was really implicated in the causation of potato

https://doi.org/10.23637/ERADOC-1-72 pp 15


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

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

151

sickness.” Morgan (1926) was struck by the contrast between
healthy-looking potatoes on the Kirton Institue farm, producing a
reasonable crop, yet with their roots smothered in eelworm cysts
and, on the other hand, poor diseased plants on neighbouring
farms with relatively few cysts on the roots or even in the sur-
rounding soil. The fungus Rhizoctonia solani was rife on these farms
and he thought this might be a contributing factor. Triffitt (1929b)
also found Rhizoctonia on potato-sick plots at Ormskirk, whereas
both fungus and sickness were absent from another plot where
eelworm was present. Nevertheless, Rhizoctonia was not always
present on potato-sick land and, down to 1931 (Triffitt) and later,
there is talk of some “ unknown factor.”

In 1929 Morgan and Peters found a positive correlation between
cyst content of soil and pathological appearance of potatoes,
classified as poor, fair and good, on a number of Lincolnshire
farms. Series of soil samples were taken across typical potato-sick
patches and in general the cyst count was highest near the centre of
each patch. Attention was drawn to the fact that Morgan’s (1926)
healthy-but-infested potatoes grew on a farm where scientific
manuring and crop rotation were practised. There now seems little
doubt thail potato sickness is primarily due to Heterodera rostoch-
iensis. Where potatoes are poorly fed, relatively few cysts can lead
to a crop failure ; where they are well cared for they may support a
large eelworm population without obvious signs of disease.

Triffitt (1931) showed that, after an early set-back due to the
eelworm, a healthy plant responds by forming new lateral roots.
She found that such a plant maintains a normal transpiration rate.
From a study of transverse and longitudinal root sections she
showed that giant cells are formed and extend inwards towards the
centre of the stele. In any one transverse section the area of vascular
tissue might be reduced by one half, but longitudinal sections
revealed that most vessels were plugged by the intrusion of giant
cells, thus destroying the efficiency of the water-carrying system.

SoiL CONDITIONS

Morgan (1925) emphasized the importance of plant nutrients
in soil in combating potato sickness. From a detailed study of a
large' potato field at the Kirton Institute, Peters (1926) found a
negative correlation between soil pH and cyst content, later (1929)
shown to be highly significant. There was no such correlation, how-
ever, in soil samples from several scattered fields in the locality
(Morgan and Peters, 1929). Triffitt (1930a) drew attention to the
effect of soil type, the heavier Hertfordshire clays giving not only
fewer cysts, but also considerably smaller cysts ; she associated this
with poor aeration in connection with hatching of the larvae.
Experiments on the effects of soil type on an eelworm population
are in progress at present.

DISINFESTATION OF TUBERS

One of the obvious ways in which cysts of the potato root
eelworm can be spread is in the soil adhering to seed potatoes.
Triffitt and Hurst (1935) sought to use hot water for disinfesting
tubers, but the temperatures lethal to the eelworm (118°F for 30
minutes) were considered too high for the health of the tubers.
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This was confirmed by Franklin (1939a) who tried also 5 per cent
phenol, 0-2 per cent mercuric chloride, iodine (5 per cent of a N/10
solution in potassium iodide), and formalin. Phenol was lethal to
the potatoes and mercuric chloride and iodine failed to kill the
eelworms. Various formalin treatments, between 1 per cent and 5
per cent of commercial formaldehyde, were reasonably effective.
In 1940b Franklin showed that the yield from Majestic tubers
treated with 5 per cent formaldehyde in February was not affected,
but tubers of Arran Pilot and Ally treated in December showed a 9
per cent loss. Fenwick (1942a) showed that sulphur dioxide was
lethal to moist eelworm cysts and, while it killed chits already
formed, treated tubers readily grew new chits ; he suggested that
fumigation should be done prior to chitting. The rate was 1 and 2
sulphur candles per 860 cubic feet for 24 hours, in a thoroughly
moist atmosphere.

DISINFESTATION OF SoIL

The work of members of the department in this field is reported
in 16 published papers. Since none of the chemical agents used has
been wholly satisfactory, it will be sufficient to summarize very
briefly. Morgan (1925) tested a number of compounds and claimed
a slight reduction in cysts on the roots from calcium cyanide and
carbon disulphide, in pot tests. Hurst (with others) carried out
numerous pot and field experiments mainly with calcium cyanamide
and metallic oxides. Hurst and Triffitt (1935a) found nematicidal
effects and increased potato yields from potassium ethyl xanthate
and chinosol (both at economically prohibitive rates), and from
ferrous sulphate, ferric chloride and ferric oxide ; the latter, which
gave the best yield, was aimed at antagonizing the root diffusate.
They then (1935b) tested sulphur, naphthalene, and a series of
artificial fertilizers at high rates, calcium cyanamide being the only
one with promise on a field scale. It was better than its probable
break-down products (urea, ammonium salts, nitrates), but rates
above 50 cwt. per acre were necessary to prevent eelworm multi-
plication. In 1937 Hurst and Triffitt reported on further small-
scale tests with ferric oxide and calcium cyanamide : both gave
yield increases, but eelworm control was inferior to that in previous
pot tests. In field trials, Hurst and Franklin (1937) got increased
yields from calcium cyanamide at 30 cwt. per acre, sufficient to pay
for the treatment and a reduced increase in eelworm population,
but the ferric oxide results were negative. They used the same plots
the following year, leaving the cyanamide plots untreated and
treating the ferric oxide plots with cyanamide ; they found (Hurst
and Franklin, 1938a) a yield response in the latter but no residual
effect in the former. Field trials with various forms of ferric oxide,
iron powder and zinc oxide gave disappointing results (Hurst and
Franklin, 1938b), while a further cyanamide trial showed that
cyanamide gave better yields than an equivalent of ammonium
sulphate and lime, without killing all eelworms even at 40 cwt. per
acre. Hurst (1938a) discussed the depth distribution in soil of cysts
and of added cyanamide, showing that only in the top 4} inches was
there any kill of eelworm. He also showed (1938b) that acetic acid,
in the form of pyroligneous acid, increased the killing power of
cyanamide, and the latter was more effective in powdered than in
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granular form. Throughout all these experiments Hurst was
impressed with the difficulty of getting a sufficiently intimate
mixture when solids are applied to soil.

Smedley (1936) showed that sodium hypochlorite solutions of
1 per cent available chlorine would dissolve eelworm cysts in half
an hour ; they also dissolved larvae within the egg shell but not the
shell itself which, however, was rapidly dissolved by calcium hypo-
chlorite. The latter at 1 in 7,500 of available chlorine greatly
increased the hatching of larvae. In 1938 Smedley showed that
various chloro-acetates, and particularly the ammonium salt, were
toxic to eelworms in soil, no larvae hatching from cysts treated at a
rate corresponding to 15 cwt. per acre. In 1939 she reported on the
good nematicidal effects of phenyl, ethyl, and n-butyl isothio-
cyanates. P-hydroxyphenyl isothiocyanate had no effect, and
o— and p- tolyl isothiocyanates (like high dilutions of the first
three) merely delayed hatching. The best was the phenyl compound,
which was fully lethal to cyst contents as a vapour in 24 hours and
also as a solution at 10 parts per million. Adsorbed on talc dust, it
was used in a field trial at rates up to 2 cwt. per acre, giving in-
creased yields and reduced eelworm multiplication. As before, the
difficulty with field trials was the thorough incorporation of
chemicals with soil.

During the last war, preliminary work was carried out on the
dichloropropylene—dichloropropane mixture known as D-D. The
results (unpublished) were sufficiently promising to justify a full-
scale field trial under the auspices of the Agricultural Research
Council. Seven 2-acre sites were used and many co-operated in the
experiment, which was reported on by Peters and Fenwick (1949).
Results were disappointing. At some sites (but not on fen soils)
the highest rate of D-D used, 800 Ib. per acre, gave a 50 per cent
increase in yield and a 50 per cent kill of eelworm as measured four
weeks after injection. After a following potato crop, however, the
eelworm population was as high (or higher) on these plots as on
untreated control plots. Peters (1948 a and b) has shown that
D-D leads to an increase in yield of tubers even in the absence of
eelworm, but that (1949) this effect is not carried over into a
second year. The same pot experiment gave evidence that part of
the food value of artificial fertilizers is diverted from production of
tubers to production of eelworm cysts. Work on D-D and other
nematicides continues.

TECHNIQUES

The establishing of various technical procedures should not go
unnoticed. Morgan (1925) devised the method of recovering cysts
from soil by flotation in water, Morgan and Peters (1929) showing
that cyst counts from air-dried soil measured by weight were the
least variable. Fenwick (1940) extended the method with an
apparatus to take 200 gm. soil samples and another to take up to
1 cwt. : these are now in routine use. Triffitt (1929a) used a method
for counting white cysts exposed on the roots of a potted plant
when carefully turned out of its pot.

Fenwick (1943a) also devised a plate for isolating the progeny
of 50 single eelworm cysts : individual receptacles were moulded
from round coverslips. He bas described methods for counting

https://doi.org/10.23637/ERADOC-1-72 pp 18


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

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

154

eelworm larvae artificially “ hatched ” from cysts by the use of
calcium hypochlorite solution (1942b), and stimulated to hatch
by dilute picric acid (1943b). Latterly, Fenwick has dealt with the
whole process of hatching in root diffusate. He has shown (1949)
that the numbers of larvae hatching from individual cysts are so
variable that it is desirable to use a batch of 100 cysts in any one
test ; transformation of larval counts to a form suitable for statistical
analysis is discussed here and in Peters (1948a). Later, Fenwick
(1950a) has investigated the numbers of larvae hatching in
successive time intervals : he has shown that a plot of the probit
(corresponding to the percentage hatched) against log time is a
straight line, both for single cysts and for batches of 100. Lastly,
he has shown that, when potato diffusate is leached from potted
plants into pots of infested soil, both the variety of potato and the
type of infested soil (or of the contained cysts) have a significant
effect on the proportion of larvae hatching. On the average 84 per
cent of larvae hatched in the one season of the experiment. Sur-
prisingly, about 50 per cent of larvae hatched in control _pots
receiving the leachings of pots in which no potato was growing,
i.e. without the stimulus of root diffusate.

THE PRESENT PoSITION

This review has necessarily dealt with published work, but it
may be of interest to end with a brief account of current research
on this pest. Inevitably, much of the past work has proceeded on
an empirical basis which is effective only up to a certain point.
Beyond this, fundamental work is required before progress can be
made. The field trials with D-D mixture sponsored by the Agri-
cultural Research Council are a case in point. The criteria were
eelworm kill and crop yield at seven sites ; even where kill and
yield were highest the subsequent increase in the eelworm popula-
tion more than compensated for the initial kill. The discrepant
results of these trials have largely influenced later work in the
department.

Both kill and yield were very different at different sites, reflect-
ing variations in soil type. There is here not only the persistent
physico-mechanical problem of intimately incorporating chemicals
in soils of differing structure, but also the many physico-chemical
problems of the diffusion of a fumigant throagh soils and its
sorption by clay particles or by organic matter. The department is
not working on these but it is understood that the diffusion and
sorption problems are receiving attention elsewhere.

Further, the ratio of eelworm kill to yield increase varied widely
between sites. Taking yield as a rough measure of plant health,
this situation involves the complex relationship between parasite
and plant, and the factors making for disease, under the influence
of a soil fumigant. It seems likely that the use of such a fumigant
may lead to improved yields by directly killing eelworms, or by
delaying the hatching of larvae so that the plant gets a good start,
or by a partial sterilization of the soil independent of the presence
of eelworm, or by some combination of these factors. Data which
might throw light on this complex problem are scanty, and current
pot tests with various fumigants always include a measure of the
immediate kill, the response of subsequently grown potato plants,
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and the final eelworm population. A co-operative 3-year field trial,
with DD injections followed by potatoes each year, seems to show
that this fumigant may improve the yield of the next crop without
appreciably changing the final eelworm population. Laboratory
tests, suggested by the Soil Microbiology Department, show that
the nematicidal effects of frequently repeated soil injections with
DD are cumulatively reduced, possibly due to the building up of a
soil flora capable of splitting the molecules of the active ingredients
The disease problem is also being explored by a histological study
of plant roots under eelworm attack.

The mere assessment of kill in the D-D trials proved difficult.
There is no direct way of finding what proportion of eelworm larvae
within the cysts has been killed by a fumigant ; batches of 100 cysts
are incubated in potato root diffusate until hatching ceases—a
period varying up to 16 weeks. In a series of experiments since the
trials Fenwick has investigated the conditions under which root
diffusates act. As a result, not only can the hatching technique now
be applied under optimal conditions but also a reasonable estimate
of kill can be got in a matter of days rather than weeks, by following
the early course of the hatch/time curve. Other results of this work
include a method for the bio-assay of diffusates and evidence on
their limited efficacy in soil : they are probably effective only in a
narrow zone close to the root and (if production ceases) only for a
few days, owing to their rapid breakdown in soil.

The recovery within a season of the eelworm populations on
treated plots in the D-D trials has focussed attention on the rates
of rise and fall of such populations. The annual rise is being followed
in a pot test involving several edaphic factors, and the annual fall
in crop-rotation field trials in co-operation with the National
Agricultural Advisory Service at Cambridge. A highly dynamic
concept of population is probably required to fit the facts. It is
likely that most of the larvae hatch during one season from cysts
lying close to a potato root, whereas some of those in more isolated
cysts may remain quiescent for years. Even where annual determina-
tions of larval density in soil show a fairly constant value, in the
presence of potatoes each year, this situation probably conceals
wide fluctuations within a season. The migration of larvae through
soil, once they have hatched, is probably slight both vertically and
horizontally ; the limiting effects of soil moisture and particle size
on such migration are being examined in co-operation with the
Physics Department.

Indirectly concerned with potato root eelworm, a rapid method
for the preliminary screening of nematicides is being developed,
using the free-living vinegar eelworm as a test organism. The ways
in which nematicides act are largely unknown ; further work awaits
fundamental studies in biochemistry and eelworm physiology.

Further progress in controlling potato root eelworm probably
depends not so much on the efforts of isolated nematologists as of
co-operative exploration of the frontiers with physics, chemis v,
bio-chemistry and microbiology.
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