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

Thank you for using eradoc, a platform to publish electronic copies of the Rothamsted
Documents. Your requested document has been scanned from original documents. If you find
this document is not readible, or you suspect there are some problems, please let us know and
we will correct that.

Rothamsted Experimental
Station Report for 1974 Part "
2

ROTHAMSTED
RESEARCH

Full Table of Content

The Invertebrate Fauna of the Park Grass Plots I. Soil Fauna

C. A. Edwards and ]J. R. Lofty

C. A. Edwards and J. R. Lofty (1975) The Invertebrate Fauna of the Park Grass Plots I. Soil Fauna ;
Rothamsted Experimental Station Report For 1974 Part 2, pp 133 - 154 - DOI:
https://doi.org/10.23637/ERADOC-1-33163

https://doi.org/10.23637/ERADOC-1-9 pp1


http://www.era.rothamsted.ac.uk/eradoc/
http://www.era.rothamsted.ac.uk/eradoc/book/9
http://www.era.rothamsted.ac.uk/eradoc/book/9
https://creativecommons.org/licenses/by/4.0/

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

The Invertebrate Fauna of the Park Grass Plots
L. Soil Fauna

C. A. EDWARDS and J. R. LOFTY

Introduction

The Park Grass experiment, begun in 1856, was designed to investigate how various
manurial treatments affected the productivity of old pasture. Prior to the experiment, the
land has been in grass for several centuries and seemed to have a uniform vegetation.
Originally, there were 20 plots ranging in area from one-half to one-eighth of an acre
but these have since been subdivided. The unreplicated treatments (Fig. 1) compared
the yields of hay from plots that received no manure with those from others that received
organic manure (farmyard and fishmeal); a range of only mineral fertilisers; a range of
only nitrogenous fertilisers and a range of mixed mineral and nitrogenous fertilisers
involving different levels of nitrogen. The nitrogen was in two main forms, nitrate of soda
or sulphate of ammonia. In the original experiment, two plots received organic manure
and two no manure, but, seven years after the beginning of the experiment (1863) no
more manure was given to one of the organic manure plots (Plot 2). As a result of the
treatments some plots became acid and the sward deteriorated, so from 1903, lime was
applied regularly to the southern half of most plots (Fig. 1). In 1965, each half plot was
subdivided again into two, giving four plots treated in the following ways:

(a) Lime added to maintain the PH as in 1965.
(b) Lime added to give a pH as close to 6:0 as possible.

(c) Lime added to the more acid plots to give a pH as close to 50 as possible.
(d) No lime added.

Nevertheless, the pH of the various plots is still very variable, ranging in (a) plots from
4-6 to 7-5, (b) plots from 4-9 to 7-3, (c) plots from 4-4 to 6-0 and (d) plots from 3-8 to 6-0.
The treatments have greatly influenced the very varied flora of the plots, which includes
grasses, clovers and weeds. The botanical composition of the sub-plots has been studied
annually since 1900 at regular intervals through the year; it changes seasonally and
there is also a gradual change (Brenchley, 1935, 1969; Williams, 1974). The numbers of
plant species range from only two species (11/1d) to up to 30 species (12a), the greatest
diversity still being in the unmanured plots although these yield poorly.

Other studies that have been made on Park Grass include the distribution of nodule
bacteria, Protura (Raw, 1956), earthworm casts (Richardson, 1938) and earthworms
(Satchell, 1953). Madge (private communication) sampled the limed and unlimed halves
of plots 3, 11/2 and 13 for soil invertebrates on several occasions in 1962 but the results
have not been published. The nematode fauna of the limed and unlimed halves of plots
1,3,4/2,7,9, 12 and 19 was assessed in 1960-61 but no details of the results were pub-
lished (Winslow, 1961). The present investigation involved a thorough investigation of
the soil and surface invertebrate fauna of a selected series of plots between April 1972
and June 1974. The soil fauna will be discussed in the present paper; in a later paper data
on the occurrence of arthropods associated with the crop will be discussed.
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TABLE 1
Comparative numbers of soil invertebrates extracted from soil samples (numbers in eight
soil cores)
Acarina Collembola
P g £l = 3
T | 3| & Bl S : o |32 2 g%
Treatment | Plot | § | 2 | B| & 21 2| 8 €181 3|5|5]| 2 =8 |agc
o B2 8| 8|3 (2|2|<|el2 (2|3 2]2].5]8]38 3%
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o
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Methods

In April 1972, eight soil cores (5 cm diameter by 15 cm deep) were taken from plots
1b, ¢, d; 2a, d; 7b, c; 8b, c; 9a, b, c, d: 10a, b, c, d; 11/1a, b, c, d; 13b, c, d; 14b, c;
17b, c. The animals were extracted from these samples in modified Macfadyen-type high
gradient, air-conditioned Tullgren funnels (Macfadyen, 1957; Edwards & Fletcher, 1970)
and sorted into convenient taxonomic categories. Only Collembola and Coleoptera were
identified to species.

Earthworm populations were sampled in March 1972 using a modification of the
electrical method used by Satchell (1953). The plots sampled were the same, with the
addition of 13a. For each sample two electrodes, each consisting of three steel rods
18 in. (45 cm) long and 18 in. (45 cm) apart were inserted into the soil to a depth of
nearly 18 in. (45 cm) and 3 ft (0-91 m) apart. Current from a portable 220-V, 50-cycle
generator was supplied to the electrodes and this brought worms to the surface. Only
earthworms emerging between the electrodes (9 ft?; 0-83 m?) were collected, and stored
in 5% formalin until they could be identified. However, the efficiency of extraction of
worms seemed to be directly related to pH of the soil, so the method was not used for
subsequent sampling.
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PARK GRASS EXPERIMENT
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FiG. 1. Yields (1974), pH and numbers of plant species on Park Grass.
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Earthworm populations were sampled again in April 1973 and May 1974, this time in
plots 1a, b, ¢, d; 2ab, cd; 3ab, cd; 4/1ab, cd; 4ab, cd; 7c, d; 8¢, d; 9a, b, ¢, d; 10a, b, c,
d; 11/1a, b, ¢, d; 11)2a, b, ¢, d; 12ab, cd; 13a, b, ¢, d; 14a, d; 15ab, cd; 16ab, cd; 17b,
c; 18a, b, ¢, d. On each sampling date, four 2 ft X 2ft (0-61 0-61 m) quadrats were
marked out on each subplot after the foliage had been cut short. Two gallons (91 litres)
of water containing 1-76 fluid ounces (50 ml) of 407, formaldehyde were poured gradually
on to each quadrat from a watering can (Raw, 1959). This treatment brought the earth-
worms to the surface from which they were picked off and stored in 5 % formalin.

The maximum and average crop height and its density at ground and flower level was
assessed by eye in June 1974. The yield data used were those for total dry matter (t/ha)
for both cuts in 1974, and the number of plant species was from the June 1973 assessment
by the Rothamsted Botany Department. The pH data used were calculated from results
of various assessments by the Rothamsted Chemistry Department (Rothamsted Report
for 1963, 244-247; for 1971, Part 2, 177-180). Some of the data for ‘a’ and ‘d’ sub-plots
date back to 1959, but are believed to differ little from present levels. Some of the acid
plots have developed a surface ‘mat’ which differs in pH from the surface soil; the pH
of this layer has not been used and pH values given are for the 0-7-5 cm layer of soil.
The values for percentage nitrogen and organic carbon and ppm of P and K used in
the correlations were those in the Rothamsted Report for 1963.

Results

The total numbers of soil animals extracted from soil samples are summarised in Table 1.
Correlation coefficients between these data and yield, plant and soil characteristics are
given in Table 2 and the correlation coefficients between the crop and soil characteristics
used are presented in Table 3. The numbers and weights of the species of earthworms
found are summarised in Table 4, the species of Collembola are listed in Table 5 and
those of surface beetles in Table 6. Where reasonable correlations or other relationships
between animal numbers and plant and soil characteristics were noted these were plotted
on histograms or scatter diagrams (Figs. 2-32). The general approach to the data has
been to look for correlations between animal populations and plant or soil character-
istics. Where there were reasonable correlations, the data in Table 3 enabled a check to
be made as to whether the relevant soil or plant characteristics were themselves correlated
with other plant and soil characteristics, so that key factors could be identified. The
overall layout, complexity and variability of the treatments made it difficult to assess
the relative importance of various soil or plant characteristics and whether their influence
was direct or indirect. Most of the observations require further experimental work to
confirm whether the effects of the various factors are real. Nevertheless, some very
definite tendencies became obvious and this experiment provided a unique opportunity
to study the effects of long-term applications of fertilisers on the soil fauna.

(1) Yield. There were few strong correlations between populations of invertebrates in
the soil and the yield of hay. There was a tendency for the overall numbers of soil
invertebrates to be negatively correlated with yield (Fig. 2). However, this relationship
may be due to an interaction of the effects of some of the factors affecting yield, e.g. the
fertiliser treatments, on the soil fauna, because both nitrogen and percentage organic
carbon were also negatively correlated with overall soil invertebrate populations.
Nevertheless, the tendency for plots with fewer invertebrates to yield more, agrees
well with findings that suppression of soil invertebrate populations by pesticides can
increase yields of hay on both leys and old grassland by as much as 309, (Henderson,
1974), and would support the conclusion that soil invertebrates lower the yield of
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Comparative numbers and weights of earthworms sampled 197374
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grassland. The only individual groups of soil invertebrates that showed any correlation
with yield were the oribatid mites (Fig. 3), enchytraeid worms, and wireworms (Fig. 4)
and populations of these animals were all negatively correlated with yield. It is difficult
to postulate any reason why oribatid mite or enchytraeid worm populations should be
related to yield, because these animals feed mainly on decaying organic matter and it
might be expected that those plots that yielded most would have the most soil organic
matter. The most obvious implication of wireworm populations negatively correlated
with yield is that wireworms were causing loss of yield, because they are quite important
pests of grassland. However, the maximum populations recorded in Park Grass of just
over three-quarters of a million wireworms/acre (approx. 13 million/ha) are rather less
than average for old grassland and although they would decrease yield it is certain that
they could not cause such a marked fall in yield and there must be other contributory
factors.

(2) Nitrogen level. One of the main features of the Park Grass experiment was the use
of three levels of nitrogen on certain plots. Of the plots sampled, 8, 7 and 2 received no
nitrogen, 1 and 17 received 43 Ib/acre (480 kg/ha) (Ny), 9, 10 and 14 86 Ib (960 kg/ha)
(N2) and 11/1 1291b (144-0 kg/ha) (N3) of nitrogen. The influence of these different
nitrogen levels on soil invertebrate populations was assessed by calculating average
numbers from all subplots and all treatments for each nitrogen level and comparing these
for the various groups of invertebrates (Figs. 5-15). It should be noted that it is the level
of nitrogen applied annually that is important, not the residual amounts in the plots
which assess the level at only a single point in time. Of the factors studied, the effect of
nitrogen was most likely to be a direct influence of the fertiliser because the amount of
nitrogen applied was not itself strongly correlated with any of the other plant or soil
characteristics (Table 2).

First, there was an overall deleterious effect of the nitrogen level on the total invertebrate
populations (Fig. 5), the triple dose (N3) having the greatest effect. This relationship was
unexpected although there is some evidence that nitrogenous fertilisers have adverse
effects on soil invertebrates.

The influence of nitrogen level on enchytraeid worms (Fig. 6) and lumbricid worms
(Fig. 7) was very dramatic. The lowest dose of nitrogen had little effect on enchytraeid
worms but the two higher doses greatly depressed their numbers. Populations of all
species of earthworms were decreased by nitrogen, but the effects on Lumbricus terrestris
were much less than on the other species. It has been suggested that ammonium sulphate
as a fertiliser is particularly harmful to earthworms (Escritt & Arthur, 1948; Rodale,
1948; Jefferson, 1955) so the data was calculated in another way, so as to distinguish
earthworm populations in plots treated with ammonium sulphate from those in plots
to which sodium nitrate was applied (Fig. 8). It can be seen that the nitrate nitrogen
applications were nearly as deleterious to earthworm populations as was ammonium
nitrogen. By contrast, the organic fertiliser increased the numbers of earthworms.

Myriapod populations were also influenced by the level of nitrogen applied to the grass
(Fig. 9). Chilopoda (centipedes) were the most sensitive, being almost completely
eliminated from plots regularly treated with a triple dose of nitrogen (N3); Symphyla
and Pauropoda were also considerably decreased in numbers, with the Diplopoda
(millipedes) being least affected. The effect of nitrogen level on soil mites (Fig. 10) was
much less marked than on oligochaetes, numbers of prostigmatic mites being decreased
much less than those of mesostigmatid, cryptostigmatid or astigmatid mites. There was
an apparent increase in total numbers of mites and numbers of prostigmatic mites in
plots receiving a double dose (N2) of nitrogen but this was largely due to large increases
in numbers of prostigmatid mites in a single subplot (9¢c) (Table 1).
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Total Collembola (springtail) populations were not greatly affected by the level of
nitrogen (Fig. 11), in fact, there was a slight increase in response to a single dose (Ny)
of nitrogen. However, numbers of soil-living springtails (Onychiuridae and Poduridae)
(Fig. 12) were decreased much more than those that live near the soil surface (Isotomi-
dae, Entomobryidae and Sminthuridae).

Soil-inhabiting insect larvae taken together were not greatly decreased in numbers by
the level of nitrogen applied (Fig. 13); in fact, more were recorded in plots that received
a single dose than in those that were not treated. However, the total beetle larvae popula-
tions were very considerably depressed by nitrogen applications (Fig. 14) particularly
by the two higher levels. In particular, the numbers of wireworms (Fig. 15) were extremely
sensitive to the amount of nitrogen applied with very low numbers of wireworms occurring
in plots that received the largest amount of nitrogen.

The observation that nitrogenous fertilisers can be harmful to populations of soil-
inhabiting invertebrates is a most interesting and important one. The only reports of the
effects of nitrogen on populations of these animals are by Huhta et al. (1967, 1969),
Abrahamsen (1970) and Axelsson ef al. (1973) and these workers all investigated the
effects of one to three applications of fertiliser on the soil fauna of pine forests. Huhta
et al. reported that 90 kg NPK fertiliser/ha (undefined) decreased numbers of soil
animals for one year; thereafter there was a considerable increase, especially in enchy-
traeid and springtail populations. Abrahamsen studied the effects of 100, 400 and
1600 kg of nitrogen/ha (urea) and also reported an initial decrease, but his results were
somewhat conflicting. Axelsson ef al. in a much more thorough investigation, demon-
strated clearly that when pine woodland was treated either with 60, 60 or 40 kg/ha
ammonium nitrate (Ny) in three consecutive years and 180, 180 or 120 kg/ha ammonium
nitrate (N3) in the same years, there were decreases in populations of some soil animals,
especially mites, springtails and enchytraeid worms, compared with those in untreated
plots and corresponding with the level of nitrogen applied. Numbers of most of the
microarthropods studied were affected by the largest doses of nitrogen. These data support
the conclusions we reached from the sampling of Park Grass that nitrogenous fertilisers
can be harmful to soil-inhabiting invertebrates. It seems probable that an extremely
long period of exposure to repeated but small doses may depress populations as much as
one or two much higher doses.

(3) pH. Since 1903, half of most of the plots have received regular treatments of lime
and since 1965 these have been further subdivided and given different lime treatments.
The resultant changes in pH have had considerable influence on populations of soil-
inhabiting invertebrates. It seems probable that the effects are direct ones, because pH
is not strongly correlated with any of the other soil or plant characteristics we studied,
with the possible exception of floral diversity (Table 3).

The overall influence of pH on the total fauna is not great (Fig. 16) although there is
a tendency for plots with a higher pH to support more soil animals.

The methods that were used for extracting invertebrates from soil were unsuitable for
nematodes or enchytraeid worms. Nevertheless, sufficient numbers of these animals
occurred in the extracts to indicate tentatively how pH affects them. Enchytraeid worms
were strongly influenced by pH, with a linear increase in numbers up to a pH of 75
(Fig. 17). Numbers of nematodes were too small for the effects to be statistically signifi-
cant but there were very few in plots with a pH below 4-0 and an almost linear increase
with increasing pH.

The data on earthworms were based on two sets of samples in 1973 and 1974 and
hence demonstrate more marked effects. Moreover, the effect of PH on earthworms has
been studied more than its effect on other invertebrates. Not all species of earthworms
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reacted to pH in the same way but none of the species found in Park Grass could tolerate
a pH below 4-0 (Figs. 18 and 19). Lumbricus terrestris became gradually more numerous
as the pH increased from 4-0-7-5 but the other species (Table 4) tended to have an
optimum pH range at 5:0-6-0, markedly decreasing in numbers at pH’s on either side of
this optimum. Richardson (1938) counted the numbers of wormcasts on the Park Grass
plots, but this is evidence of the presence of only one species, Allolobophora nocturna,
and is an inaccurate measure of populations since it depends on activity as well as
numbers. In general, he found fewer casts on the unlimed halves of the plots than the
limed halves, and plots 9 and 14 had fewer casts than did 3, 7, 12 and 13. In particular,
the unlimed half of plot 9 had no casts. This agrees with the very few (2) individuals of
A. nocturna that we found in plot 9 and there was good agreement when we plotted the
number of casts reported by Richardson against the numbers of worms we found in
the same plots that he sampled. The very good correlation showed that relative numbers
have not changed greatly in the last 36 years. Satchell (1953) studied earthworms in Park
Grass using an electrical extraction method. Whereas he found the lower pH tolerance
limit for A. caliginosa, A. nocturna, A. rosea to be 4-6 and for L. terrestris and Octolasium
cyaneum to be 4-1, we found that the lower limit for all these species was 4-2. At a pH
of 4-1 there were no L. terrestris. Satchell (1955) considered O. cyaneum to be relatively
acid-tolerant but we found this species to be absent from very acid plots. However,
some of the discrepancies may be explained by the relative inefficiency of his electrical
method for sampling earthworms. We found that soil resistance varied with pH and this
greatly influenced the efficiency of extraction.

There was no direct correlation between myriapod populations and pH (Fig. 20), the
relationship being modal. Numbers of Chilopoda (centipedes) and Symphyla were much
larger between 5:0 and 6-0 than at higher or lower pH’s and none of these animals
occurred at a pH below 4-0. Pauropoda tended to be tolerant of pH over the range 4-0-
7-0, no consistent trend being obvious.

The overall influence of pH on mite populations was slight (Fig. 21). They could
tolerate the soil conditions even in the most acid plots. In particular, numbers of
prostigmatid mites (Fig. 22) tended to increase at pH’s between 4-0 and 5-0. Mesostig-
matid mites were progressively more numerous as the pH increased (Fig. 23), but never-
theless could tolerate acid conditions. Cryptostigmatid and astigmatid mites were most
numerous in the acid plots (Fig. 24) but this is not surprising, because these mites are
common in acid woodland mor soils.

Collembola (springtails) as a whole, were influenced by soil pH more than mites
(Fig. 25) and, in particular, those species living below the soil surface (Poduridae and
Onychiuridae) (Fig. 26) were much more numerous in soils with a nearly neutral pH
whereas populations of those species that live on or near the soil surface (Entomobryidae,
Sminthuridae and Isotomidae) (Fig. 27) differed little in plots with pHs ranging from
4-0-8-0.

Protura seemed to be much more limited by soil pH than most other invertebrates,
very few occurring in plots with a pH less than 7-0 (Fig. 28). These results do not differ
greatly from those reported by Raw (1959), although he recorded more of these animals
in plots with pH lower than 7-0 than we did.

Insects (Fig. 29) and wireworms (Fig. 30) seemed to be more numerous in plots with a
pH between 4-0 and 7-0, i.e. very acid or alkaline soils did not support large numbers of
these arthropods.

(4) Flora and other factors. The flora of the Park Grass Plots differs greatly with the
treatments. Hence, there is a possibility that some invertebrates in soil might tend to be
correlated with some species, families, or associations of plants. Unfortunately the only
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invertebrates that we identified to species were earthworms, Collembola and surface-
living beetles. We studied the species diversity of these groups in relation to that of the
flora and found no correlation between numbers of species of carabid beetles and numbers
of plant species. However, there were good correlations between numbers of earthworm
(Fig. 31) or Collembola species (Table 2) and numbers of plant species. This correla-
tion is easier to understand for Collembola, many species of which live above ground,
than for earthworms. However, earthworms have an extremely well-developed sense
of taste and show very strong preference for one sort of decaying plant material over
another and this could possibly explain our results. The species diversity of Collembola
in the different plots is summarised in Table 5. Few tendencies are obvious, although
there are usually fewer species in the unlimed subplots than in the limed ones.
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Fic. 31. Relationship between numbers of species of plants and numbers of species of earthworms.
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There were few correlations between invertebrate populations in soil, and soil or
plant characteristics other than nitrogen or pH (Table 2). There was a negative correlation
between the level of phosphorus in soil and the number of rhodacarid mites
(r = — 0-5174) and there were also negative correlations between numbers of enchytraeid
worms (r = — 0-5980) and earthworms (r = — 0-4251) and the amount of phosphorus
in soil, but it is difficult to see how phosphorus would affect these animals. The amount
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TABLE 5

Species of Collembola found on the Park Grass plots

Onychiuridae
Onychiurus ambulans (L.) Stach.
Onychiurus armatus (Tullb.) Gisin.
Onychiurus edinensis Bagnall
Tullbergia denisi (Bagnall)
Tullbergia callipygos Borner
Tullbergia krausbaueri Borner

Poduridae
Friesia mirabilis (Tullb.)
Hypogastrura denticulata (Bagnall)

Isotomidae
Folsomia candida (Willem)
Folsomia quadrioculata (Tullb.)
Isotomodes productus (Axelson)
Isotomiella minor (Schaffer)
Isotoma notabilis (Schaffer)
Isotoma viridis Bourlet

Entomobryidae
Entomobrya nicoleti (Lubbeck)
Lepidocrytus cyaneus Tullb.
Heteromurus nitidus (Templeton)

Sminthuridae
Bourletiella sp.
Dicyrtomina minuta (Fabricius)
Sminthurus viridis (L.)
Sminthurides pumilis (Krausbauer)
Sminthurinus aureus (Lubbeck)
Sminthurinus sp.
Megalothorax sp.

TABLE 6

Species of Coleoptera found on the Park Grass Plots

Nebria brevicollis (F)

Quedius mesomelinus (Marsh.)
Barynotus obscurus (E.)
Philonthus varius (Gyll.)
Ptomaphagus subvillosus (Goeze)
Agriotes obscurus (L.)
Philonthus cognatus Steph.
Trachyphloeus aristatus Gyll.
Choleva oblonga Latr.
Alophus rriguttatus (F.)
Agriotes lineatus (L.)

Tachinus rufipes (Deg.)
Otiorhynchus singularis (L.)
Amara familiaris (Dufts.)
Barypeithes pellucidus (Boh.)
Sitona puncticollis Steph.
Demetrias atricapillus (L.)
Amara lunicollis Schiodte.
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of potassium in soil tended to be positively correlated with the numbers of centipedes
(r = 0-5779) and coleopterous larvae except wireworms (r = 0-4589). The numbers of
most groups of soil animals tended to be negatively correlated with the percentage of
carbon in the soil, but an explanation of this observation is difficult.

In conclusion, the two main factors that influenced populations of invertebrates in the
soil of the Park Grass plots seem to be either the level of nitrogen applied annually or
the pH, with other factors relatively unimportant. In economic terms, the relationships
between the numbers of invertebrates and yield, pH and the amount of nitrogen applied
are probably the most important.

The populations of invertebrates in Park Grass seem to be fairly typical of those in
other old grassland in Great Britain (Fig. 32). The numbers of invertebrates in the plot
with the smallest populations (Plot 11/1) compare well with those reported in several of
the earlier surveys and those in the plot with the largest population almost equal the
largest recorded. In most of the fields Acarina (mites) were the dominant animal group
but Collembola (springtails), almost equalled them in numbers. In terms of numbers,
other arthropods were relatively unimportant, but in terms of weight would exert a
considerable influence.
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