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8. NEMATODE POPULATION STUDIES ON
BROADBALK
D. C. M. CORBETT, R. D. WINSLOW* & R. M. WEBB

The nematodes in Broadbalk soil have been studied sporadically and for
short periods only; the cereal cyst-nematode, Ileterodera avmae Woll.
briefly during 1954 and 1955 and again recently, and the migratory nema-
todes first in 1960 and 1961 and again sincr 1966 with Yuen (1966) studying
those in section IA during work on nematodes in the Wilderness.

Cercrl cyst-nemstode

In June 1954 Hesling sampled the fallow strip (section ly) (Rotharnsted
Report for 1954, p. 97), by taking a trowelful of soil every twelve paces up
the midline of each plot. From the bulk sample obtained for each plot, hi
took two 200 g sub.samples and extracted the nematodes from each separ-
ately (Table 8'll): later that year he sampled the whole field (Table 8;lr)

TABLE 8.1
Cereal q,st-nematode surveys-cystsl 100 g. soil

HotNo.2O ,9 l8 17 t6 15 t4 t3 t2 tt lO 9 8 ? 6 5 3 29 2A

ssEsEdc (3) - q g o o o o 01.0 I.5 3.5 o o o o o 0 ro.jl6.j
(D) - 0 O O O O O O 0.5 4.5 O O O O O O O 9.01.t.5

B. O.,.-Nov. 1951
195:1 CroD ycar

IA Coarhuou! - - - - O.E I'O 0.8 0.1 1.5 I.5IB lst 2.5 2.3 5-5 o-3 1.3 2.9n Falfor l.! ta 2.7 3.2 2.6 O.2UI 2dd 1.2 l.O l-2 tA 7l 6.5Mrd 0.8 0.3 t.5 l.l 4.0 0.9va 4th o.o t.5 0.3 1.0 1.0 o.o

(Rothamsted Report for 1955, p. 1ll). The cereal cyst-nematode was
present in much of the field with some local concentrations in the middle
(sections II and III, plots 7 to l4). The discontinuities in the distribution
made it impossible to associate numbers of the nematode with any treat-
ment, but it occurred in the FYM plots of all sections. The populations
estimated were thought unlikely to aflect fields, especially as most cysts
were empty.

Williams in 1968 (Rothamsted Report for 1968) examined the areas

. . AddlFsi M.A.N.I. Nematolory hboratory, Feldeo Hous€, Ne*towDAbbey, Co.
Atrtrim, N. Irelald.
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where Hesling's survey had shown the nematode to be most concentrated
by taking 20 cores with a l-in. diameter auger at random from plots 7 to
l2 in sections IA, IB, II, I[, IV and YA. Within the limits of experimental
error, his results (Table 8.1C) showed that cysts were slightly fewer than in
1955, but there had been some spread up and down the field. He found
few cysts, 951ofwhich were empty, and thought yields were unaffected,

Migratory nemrtodes

Three species ol the rootJesion nematode are present in large numbers:
Pratylenchus thornei Sher. & Allen, P. minry Sher & Allen and P. sp.,

which seems not to have been described previously. The relative numbers
of each species vary widely, but P. ,lrorrei usually outnumbers P' ml'ryzs
which is more abundant than P. sp. The proportion of P . lhornei ill,creases

with depth, from 2 8 times as numerous as P. mr'zyus at O-5 in. to 4'9 times
as numerous at 20-25 in. Differences in the proportions ofthe nerratodes
between sections was also noted; P. thornei was 9'1, 2 0 and 5'4 times as

numerous as P. minyus in sections IA, II and III respectively' Paratylen'
chus microdorus Andrassy is also plentiful but rarely outnumbers Pratylen'
cir.rs. Three species of Tylenchorhynchus occrut i T. icarus Wallace & Greet,
T. macrurus (Goodey, 1932) and T. brevidens Nlen; also Helicotylenchus
digonicus Perry a:rrd H. vulgais yuea'. Pratylenchoides crenimrda Winslow
occurs sporadically over the field in small numbers, as also does Trophurus
imperialis Loof. In addition to these, there are numerous other stylet
bearing nematodes including Boleodorus thylactus Thofie and species of
Tylenchus Bastian, Ditylenchus Fl\pjev, Aphelenchw Basian, all.d Aphelm-
choides Fischer.

Plot popdalions. The first survey of migatory nematodes was in 1960.

Plots 28, 3, 5,7,10, l1 and 13 in section IB (fourth-year wheat) were
sampled in February, May, August and November. Soil samples were
taken from top and bottom of each plot, thoroughly mixed and l2'5 ml
from each extracted though 'Scottie' brand tissue on small sieves in water.
The results in Table 8'2 and all subsequent tables show nematode numbers
in different genera and groups of genera, transformed to log (x * 1),

except for Pratylencius in roots, given as log (r + 0 1). 'Others' consist
mainly of particle feeders in the Rhabditidae and Plectidae, with some
predaceous Mononchidae. Dorylaimidae are excluded because numbers
fluctuated widely from sample to sample. The standard error in Table 8'2
was derived from the interaction of plots with duplicate samples'

Numbers of different genera fluctuated during the year in all plots,
from many in February followed first by a decline to few in May, then
usually increasing to high numbers again in August and then reachiDg a
peak in November. The Aphelenchs were an exception with most
present in February and fewest in August. In August Pratylenchus
were fewest and in November Prdlr/enchus, Parutylenchus, Tylenchorhyn'
chus and Helicolylenchus were fewest in plot 3. Numbers of other
parasitic genera did not difer significantly between plots at any other
sampling date, but grouped as Total Parasites plot 3 had fewest in both
t58
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TABLE t.2
Log numbers of nematodesllitre soil, Section IB, 1960

Plots
2B

Prutylenchus
Feb. 3.89
May 2'44
Auc. 3 55Nov. 3.96

Paratylenchus
Feb. 3-34
May 3'01
Aug. 3.80
Nov. 3.42

Tylenchorhytchus
Feb. 2.93
May l.l0

Month

Aus.
Nov.

Ilelicotylenchas
Feb.
May
Aug.
Nov,

3.58 3.69 3-49
2.30 2.44 2.41
3.31 3.53 3.56
3.28 3.88 3.83

2. 3-25 3.18
3.08 2.75 2.86
3.73 3.83 3.81
2'97 3',t8 3'52

2.5s 2.83 3.352.29 t.30 2.2t
2-73 2.15 3.072.38 3-26 3.42

2.89 3.5r 3'332.2t 2.2t 2-06
2.6 3.19 3.4r
2.88 3.m 3.12

3.76 3.66
2.86 2-78
3.63 3.80
3.82 3.74

3.22 3.08 3.26
3.03 2.75 2.83
3.08 3.13 3.36
3.20 3.1I 3.17

3.10 3.05
2.88 2.86
3.77 3.87
3.65 3.80

3.03 2.7s
1.25 2.15
3.07 2.6
3.36 3.05

3.05 2.9s
2.30 1.25
3.24 2.
3.58 3.39

3.86 3-75
2-92 2-36
3.69 3.26
3.99 3.52

3.59 3.49
lm 2.76
3.15 3.10
1.39 3.18

3.85 3.82
3.23 3.16
4.tt 4.t4
4.29 4.3'1

3.57 0.101
2-21 0.2M
3.91 0.067
4.02 0.2t2

3.16 0.131
2.18 0.070
3. 0 080
4.01 0.18t

3.U 0.t47
l.l0 0.986
2.68 0.149
2-19 0.260

2.82 0.159
0.95 0.818
3.m 0.059
3.46 0.135

3.76 0.077
2.92 0.2t8
3 56 0.070
3.12 0.060

3.28 0.1602.85 0.262
3.32 0.100
3.24 0.154

4.19 0.128
3.46 0.123
4.U 0.059
4.m 0.086

3-85 0.077
2.95 0.102
4.28 0.058
4.39 0.181

3.88 0.088
3.26 0.184
3.76 0.061
3.85 0.06?

4.51 0 089
3.76 0106
4.56 0.041
4.69 0.061

s.E.13t0 ll
3.53 3.53
2.68 2.fi
3.59 3.69
3.93 4.t3

TylenchwlDitylenchus
Feb. 3.97
May 2'81
Aug. 3.54
Nov. 3,81

2.86
2.70

3'r9
l.l9
2.51
3.m

2.96
2.63
2.62
2.81

4.ts

4.14
4.11

4.11
3.16
4.U
4.13

4.2t
3.1t
4.19
4.20

3.71
3.0r
3.68
3.42

Apheleachs
Feb.
Mav
Aug'
Nov.

Oth.ts
Feb.
Mav
Aug.
Nov.

Tolal parasites
Feb.
May
Aug.
Nov,

Feb.
May
Aug'
Nov.

All ,@natodcs
Feb-
May
Aug.
Nov.

3.80 4.03 3.98
3.2a 3.07 3.12
3. 4.10 4.15
3.60 4.28 4.26

4.U 4-123.58 3-46
3.98 4.08
4.62 4.12

3.81
3.12
3.94
3.86

4.48
1-75
4.56
4.@

4.20 4.M
3'45 3',l8
3.98 3.97
4.06 4.19

Othet Tylenchs irlcl. ,lpheleachs
4.Ot 3.84 3.84
3.03 3.33 3.17
3.59 3.78 3.76
3.85 3.63 3.90

4.05 3.94
3.39 2 903.81 3.49
4.@ 3 70

4.55 4.44
3.85 3.7s
4.46 4.43
4.6s 4.6

4.57 4.50 4.473.90 3.97 3.814.46 4-{a 4.45
4.54 4.43 4.85
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August and November. TylenchuslDitylenchrrJ group tvere most num-
erous in plot 28 in February, in plot 7 in August and in plot l0 in Novem-
ber. Plot ll had fewest in May and August, and plot 3 in November;
plot I I had slightly more than plot 3, but both had significantly fewer than
any other plots. Aphelench numbers fluctuated less than other nematodes,
and diflered also in being most numerous in February, with some plots

TABLE 8.3
Log nurnbers of nematodesllitre soil, 196l

Pratylenchus
Feb. 3.22 3.38 3.51
May 3.10 3.,18 3'04

Paratyleachus
Feb. 3.20 3.12 3.53
May 3.lE 3.34 3.28

Tylenchorhyncfuts
Feb. 2.M 2.72 1.77
May 2-67 2.78 lA

Eelicotylerchus
Feb. 2-93 3.13 2.70
May 2.56 3.29 2.22

T y lenc h u s I D it y lenc hus
Feb. 3.37 3-48 3.43
May 3.22 3.6 3.3O

Aphelenchs
Feb.
May

2.88 3.17 3.01
2.11 2.84 2.80

3'.|o 3.09 3.2s 3.3O O.lA
2.26 3-tO 3.19 3.ll 0.313

3.13 2.85 3.41 3.04 0.189
3.02 3.14 3.29 3.00 0.076

S€ctions Plots
IA IB II Itr S.E. 2B 3 1 10 S.E.

Others
Feb. 4.23 4.lO
May 3-11 1-92

2.91 0.lA
2 05 0.3r3

2.58 0.189
2.65 0.076

2.20 0.429
1.58 0.445

2.52 0.142
l.5l 0.291

0.168
0.061

0.334
0.358

2.50 2.89 0.429
2.52 1.95 o.Ms

3.12
3.06

1.99
1.34

3.05
2.78

3.52
3-26

1.70
1.99

2-65
2-23

3.35
3.17

2.2t
1.97

l.@
2.2s

2.75
2.51

3.30
3.48

2-90
2.90

2.U
2.06

3.22
3.33

2.83
1.97

0.r42
o.291

0.168
0 061

3.10 0.334
2.86 0.358

Total parasites
Feb. 3-69 3.77 3.89 3.33 0.153 3.73 3.44 3.78 3.72 0.t53May 3.58 3.92 3.s3 2.99 O.M1 3.29 3.5s 3.65 3.53 0.067

4.14 3.79 0.074
3.83 3.66 0.074

Other Tyletchs, incl. Aphelenchs
Feb. 3.50 3.66 3.@ 3.25 0.127May 3.36 3.72 3.43 3.14 0.059

All aematodes
Feb. 4.44 4.39 4.43 4.U 0.077May 4-08 4.37 4.13 3.86 0.049

4.19 4.tO 4.01 3.96 0.074
3.91 3.83 3-17 !@ 0.014

3.46 3.46 3.4t 3.68 0.127
3.24 3.59 3.40 3.42 0.059

4.38 4.32 4.29 4.30 0.077+@ 4.t7 4.13 4.04 0 049

showing a slight increase in August but others a decline with populations
only increasing again by November. Plot 28 consistently had fewest and
plot l0 most on three out of the four sampling dates. Numbers of.Other,
nematodes did not fluctuate much, and in February and May populations
in different plots did not differ significantly from one another. In August
plots 28 and 3 had more than plots 5, l0 and 11, which had fewest. In
November plot 5 had most and plot l0 fewest.

In 1966 and 1967 only three plots were sampled: 28, 3 and 7 (Tables 8.4,

t6l
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8'5, 8 6 and 8'7; Fig. 8'l). A feature of these samples is the large decrease
in numbers ofall genera ofDematodes in plot 28 in December 1966. The
reason for this is unknown.

bt 1966 Pratylenchas were fewer in the roots of plants grown in plot 3
(unmanured) than in 28 (FYM) or 7 (NrPKNaMg) (Fig. 8'l). This was
not so in 1967 when there was no difference between plots in numbers

TABLE 8'4
Log numbers of Pratylenchus spp. in roots and soil

:BIA
S€ctiotrs

IITI
1966 Crop

s.E.
Plots

s.E.Month

June
July
Aug.
Sept.

M.y
June
July
Aus.
Sept.
Oct.
Nov.

Numbers/g root transformed to log(, + 0.1)
t.o2 t-77 0.92 0.255
1.35 t-26 t.O2 0.110
l.9l 1.72 t.84 0-1471.M 1.43 2.N 0.09r

316 3.10 2-79 0-r,l()
3.44 3.55 3.r5 0.086
3.94 4.13 3-72 0.078
3.61 3.84 3-74 0.073
3.50 3.80 3.6 0.077
3 58 3.79 3.69 0.059
3.76 3-62 3.51 0.067

l.3l 0.255
l.D 0.I0
2.13 0.147
1.65 0.091

3.07 0.l,l0
3-54 0.086
3-97 0.078
3.7s 0.073
3.69 0.41
3.80 0.059
3.42 0.067

PIots
s.E.

3.11 3.19 0.2U
3.18 3.44 0.@9
3.16 3 41 0.065
2.m 3.26 0.083
3.10 3.37 0-069
3.02 3.33 0.1lO
3.14 3.32 0.07t
3.3r 3.43 0.107
3.25 3.38 0.067
3.35 3.56 0.092

Numbe.s/litre soil transfomrcd to log(, + l)

1.20 1.20
1.39 0.95
1.93 1.41
r.79 1.42

3.00 2.96
3.36 3.23
4.tl 3.12
3.84 3.6t
3.73 3-s4
3.76 3.50
4.02 3.45

1967 Crop
Sections

IA

3.1t 2.s9 3.34 3-04. 3.32
3.,r8 2.90 1.47 3.39 3-fi
3.41 2.78 3.41 3.56 3-47
1.24 2.81 3.32 3.15 3.16
3.26 2.a6 3.63 3.33 3-26
3-2s 2.77 3.48 2.98 3.27
3.41 3.M 3.37 3-26 3.41
3.42 3.14 2.86 3.48 3.43
3.39 3.38 2.93 3.56 3.65
3-45 3.37 2. 3.AO !70

Numbers/litre soil tramformed to log(I + l)

IV VA S.E. 28

3.15 0 288 2.92
3'51 0.1,() 3.56
3.53 0.092 3.54
3.38 0.118 3.39
3.61 0.097 3.50
3.29 0.t56 3.17
3.34 0.100 3.,16
3.6 0.15t 3.26
3.66 0.095 3.66
3.93 0.131 3.68

IIIllIB
Nudrbers/g root transformed to log(r + 0.1)

Dec.1966 -l.m -0.44 F 0.70 0.10 0.82 0.,()3 0.20 0.58 -0.27 0.313
Jan. 1967 l.l8 0..14 F 1.30 1.34 l-14 0.395 088 1.22 1.50 0.306Feb. 1.22 l.lo F 1.87 1.57 0.86 0520 1.25 t.t4 1.64 U02Mar. l-92 1.25 F 1.81 1.67 2.17 0.257 1.53 !.87 I.89 0.199April l.8l 1.29 F 1.86 1.84 1.82 0.178 1.74 l.7l 1.73 0.138May 1.69 0.99 F 1.77 1.84 l-79 0.146 1.57 1.68 1.59 0.113June l.16 0.67 F 1.23 1.03 1.35 0.167 1.22 t.t2 O.92 O.t29July 1.45 0.86 F 1.24 1.23 1.35 0.092 1.25 1.2O 1.22 O.O1lAus. l.E8 1.18 F l.8l 1.82 1.72 0.076 1.63 1.76 t.66 0.059Sept. 168 l.ll F 1.90 1.56 1.98 0.1,14 1.79 1.71 1.44 O.tl2

Dec. 1966
lan. 1967
Feb.
Mar,
April
May
June
July
Aug.
Sept.

found in roots. However, in both 1966 and, 1967 Pratylencias in the soil
ryere consistently fewest in plot 3. Numbers in plots 28 and 7 were similar,
with 28 having slightly more in most months.

The numbers of Pdratylenchus microdorus fluctuated approximately as
the Pratylmchus population (Table 8'5, Fig. 8'l): there were consistently

163
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TABI,E 8.5

I-og nutnbers of ectoparasitic nematodesflitre soil
1966 Crop

S€ctioas
MoDth IA II Itr S.E.
Poratylerchus microdorus

May 2'76 1'96 2'M 0 576
June 3-01 2.32 2.78 0.067
July 3.31 3.68 3.37 0.258
Aug. 3'06 3'24 3'47 0'107
Sept. 3.19 3.42 3.29 0.121
Oct. 3'25 3'33 3'25 0'082
Nov. 3'25 l'13 319 0109

Tylenchorhynchus spp.

1.59 2.17 2.39 0-s76
3.10 2.54 2.47 0.067
3.51 3.30 3.46 0.258
3.49 3.m 3.28 0.107
3.35 3.08 3.46 0.t21
3.26 1.11 3.41 0.082
1.44 3.06 3.07 0.109

1.85 2.$ 1.68 0 812
2-61 ta 2.55 0.414
2.93 2.79 2.U 0-323
3.02 2.52 2.53 0.301
2.58 2.t5 2.65 0.192
2-9s 2-24 2-83 0.178
3.10 2.47 2.55 0.111

3.27 3.29 2.83 0.213
3.38 3.27 2-95 0-154
2.85 2.a7 2.76 (}165
3.08 2.95 2.W 0.087
3.09 2.45 2.77 0.119
2.98 2.74 2.& O.t44
3.13 2.24 1.70 0.534

May
Jude
July
Aug.
Sept.
Oct.
Nov,

Helicottlenchus spp.

July
Aug.
Sept.
Oct.
Nov.

1.70 2.5s 1.68 0.812
2.83 r.68 2.26 0.414
3 08 2.U 2.63 0.323
2.46 2.77 2.U 0.301
2.22 2.49 2.66 0.192
2-s6 2.69 2.76 0.178
2.80 2.69 2.63 0.lll

May
June

3.35 1.26 2.78 0.213
3.52 3.10 2.98 0.154
2.14 2.91 2.82 0.165
2.93 2.97 2.93 0.087
2.69 2.93 2.70 0.119
2.& 2-8s 2.87 0.t44
2.91 1.87 2.30 0.534

more in plot 28 than either 3 or 7, but in contrast to Prarl lenchus there ytas

no consistent difference between the populations in plots 3 and 7.
There were more Tylenchorhynchus in plot 28 than in 3 or 7 with little

difference between numbers in 3 and 7. Helicotylmchus were most numer-
ous in plot 28 and fewest in 3 but numbers in plot 7 fluctuated widely and
exceeded those in 28 in some months but not in others. 'Other' nematodes
were most numerous in plot 28 with numbers in 3 and 7 about the same.

Total Parasites were most numerous in plot 28 and fewest in 3, with 7
intermediate. OtherTylenchs were most numerous in plot 28 with numbers
in 3 and 7 about the same: All Nematodes showed a similar distribution.

Crop fallow cycle. Migatory nematodes were estimated in the crop
fallow cycle in 1961, 1966and 1967. In February and May 1961, surface
soil was taken from plots 28, 3, 7 and 10 in sections IA (continuous wheat),
IB (fallow), II (fourth-year wheat) and III (first-year wheat). Random
samples from the plots were mixed and l2'5 ml/plot extracted on'Scottie'
brand tissues in small sieves in water in petri dishes. The results are given in
Table 8.3. (The standard error in this and all succeeding tables was
derived from the interaction of plots and sections.) Pratylenchus spp.,
Paratylenchus miuodorus, Helicotylenchus spp. and Aphelenchs were
fewest in section III (first-year wheat) on both sampling dates and were
fewer in May than in February exc€pt in section IB where there were
slightly more. Iylez chorhyrchus spp. were also fewer in May than February
t64
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TABLE 8'5 (Contimed)
Log numbers of ectoparasilic nematodesllite soil

1967 Crop
S€ctions

II I IV VA S.E. 28
Parut j le nc has rnicrodo t us

M. 1966 2-85 2.42
J^n.1967 2.69 2.54
Feb. 3'09 259
Mai. 2'98 2 61
April 3'06 2'35
May 3'26 3'O3
June 303 313
July 3.50 3.48
Aug. 3'25 3'51
Sept. 3.49 3'66

3.18 3.00
July 3.14 2'9a
Aus. 3'26 2'
Sept. 3'32 3'33

2.76 2.2t 2.77
2.8s 2.66 3.17
3 05 3.08 3.38
2.93 3.M 3-20
3.27 2.82 3.13
3.13 2.91 3.26
3.05 2.96 3.38
2.63 3.12 3.18
2.74 3.32 3-45
2.83 3.62 3-74

2.66 1.39 2.55
2.96 2-18 2.91
3.02 3.03 2.88
2.79 2.87 2.90
2.98 2.76 2.83
3.t9 2-18 2.92
2-83 2.a6 2-93
2.41 3.05 2.96
2.63 2.96 2-92
2.U 3.30 3.42

2.75 0.303 2.49 2.13 2-67 0.2t4
2-U 0.25t 2.99 2.75 2-6s 0.117
3.09 0.109 3.29 2.93 2-92 0-017
3.07 0.107 3.17 2.8s 2.93 0.U6
3.13 0.145 3.18 2.87 2.83 0.103
3.24 0.t61 3.15 3.13 3.13 0.114
3.02 0160 3.36 3.01 2.90 0.113
3.11 0.188 3.20 3.01 3.30 0.133
3.38 0.133 3.55 3.08 3.r9 0.094
3 81 0.138 3.69 3.38 3.50 0.098

2.01 0.609 2.21 2.73 1.83 0.431
2.97 0-178 3.12 2.65 2.86 0-126
2.89 0.165 3.11 2.67 2.95 0.117
3.14 0.154 3.14 2-16 2.83 0.109
2'98 0'1,16 3'O5 2.7O 302 0103
2.92 0.236 2.98 2-80 3.08 0.167
2.96 0.t77 3.r9 2.67 3.01 0.125
3.17 0.141 3.N 2.13 3.16 0.lm
2.97 o.lm 3.10 2.84 2-89 0.128
369 0.141 3.52 3.OZ 3.41 o.lm

Tlle chorhynchus spp.
Dec. 1966 0.67 t.9t r.9l 2.41 2.21 1.67 0521 1.85 2.A 152 0.369
lan.1967 2'30 l'14 2'55 2'14 2'12 2'41 0'328 2'2o 1'98 2'25 0'232
Feb. 2.4 2.22 1'62 2.16 2.61 2.52 0.178 2.56 2.15 2.lO 0'267
Mar. 2.6 t.t4 2.41 1.44 l.$ 2.4 0.484 2.40 1.37 1.78 0.343
April 2-3s o.13 1.86 2.46 2.26 2.s3 0.,$6 2.55 l.61 1.95 0.3,14
May 2.72 2.m 2-38 2.22 1.54 ,-71 0.529 2.41 1.94 2.M 0.374
June 2-& 1.51 l-57 2.37 2-A l.49 0.530 2.5O 2.U 1.59 0.375
July 2.69 2.33 2.lO 2.45 2-27 2.17 O.l7O 2.43 2-30 2.28 O.lmAug. 2.62 2.65 2.26 2-91 2.92 3.05 0.221 3.17 2.34 2.10 0-156
Sept. 2.19 1.57 1.65 3.06 2.53 2.96 0.421 2-81 2.51 1.66 0.298

Eelicotylenchus spp.
D*. 1966 2.49 2.5A
lan.1967 3'03 2'@
Feb. 2'94 2'81Mar. 2.A9 2'a6
April 2. !@
May 3t0 281

except in the fallow land and did not differ much between sections.
Tylenchus ard Ditylmchus were fewest in section III at both sampling
dates, and populations diminished between both sampling dates except in
the fallow: Aphelenchs and 'Other' nematodes decreased in all sections
between sampling dates and were fewest in section IIL AII stylet-b€aring
nematodes (Total Parasites and Other Tylenchs) were fewest in section III
and decreased between sampling dates except in the fallow, and the entire
nematode population decreased between sampling dates in all sections.
The populations did not differ consistently between plots except that, as
in 1960, plot 28 had fewer Aphelenchs than other plots.

In 1966 plots 2B,3 and 7 in sections IA (continuous wheat), II (fourth-
year wheat) and III (first-year \f,heat) were sampled and in the 1967 crop
the same plots in sections IA,IB (first-year), II (fallow),III (second-year),
IV (third-year) and VA (fourth-year) were sampled. Twenty l-inch soil
auger samples approximately 8 in. deep were taken at random in each plot
at the beginning ofeach month. The soil was thoroughly mixed and sieved
and 250 cc of it extracted in open trays for 24 hours (Whitehead &
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TABIT E,6

Log numbers of nematodesllitre soil

S€ctions
Month IA II III

1966 Crop

s.E.
Tylenchu s I Dit y letchu s spp,

May 3.59 3.27 2.89 0.182
June 3'79 3'76 3 53 0'089
July 4'o3 3'85 3'59 0109
Aug. 3'43 3'62 3'56 0108
Sept. 3.,1{l 3.78 3.59 0.129
Oct. 3.58 3.72 3'62 0056
Nov. 3'12 3'59 3'46 0074

Aphalenrhs
May 2'36 2'67 2'88 0088
June 2'65 l'14 244 0495
July 3'54 3'24 3'38 0'040
Aug. 306 307 3'2o 0'257
Sept. 3.41 3.37 3.56 0206
Oct. 2.a9 2'85 3 53 O'20,
Nov. 2'83 2 85 3 09 0 300

other rcrrarodes (fi ill,ly norr spear-bearing forms)
May
June
July
Aug.
Sept.
Oct.
Nov,

Plots

3.85 3.90 3.57 0.149
3.97 4.05 3.85 0.057
4.46 4.25 4.tl O.M1
4 01 4 03 4 21 0'1,10
3.94 4-t3 4.35 0.182
3.94 3.89 4.10 0.061
3.92 3.69 4.03 0.115

3.38 3.43
3.89 3.@
3.93 3.71
3.10 3.41
3-17 3.58
3.71 3.57
3.92 3.41

2.70 2.65
1.65 2.45
3.41 3-2t
3.18 3.01
3.16 3.st
3.05 2.91
3.32 2.82

3.95 3.88
4.01 3.87
4.44 4.U
4.21 3.95
4.22 4-O7
4.O7 3.86
4.23 3.77

2.94 0.182
3.59 0.089
3.83 0.109
3.51 0.108
3.60 0.129
3.64 0.056
1.41 0.074

2.55 0.088
2.74 0.495
3.48 0.040
3.14 0.257
3.66 0.206
3.31 0.209
2.& 0.300

3.49 0.149
4.m 0.057
4.33 0.U7
4.02 o.l,to
4-13 0.182
4.00 0.061
3.& 0.115

Hemming, 1965). Root samples were extracted for 48 hours after blend-
ing for a short period in a Waring blender (Stemerding, 1963).

In the 1967 crop, Prat)lenchus spp. were found in the roots of emerg-
ing plants within a month of planting (Table 8'4, Fig. 8'2). In spite
of cold, numbers of Pratylenchus increased steadily in the roots through
the winter to reach a peak in March. Numbers in roots declined thereafter
to few in June and then increased to a second peak in August, repeating
the trend observed in 1966. In 1967 Pratylenchus were fewest in the roots
of first-year plants after fallow all through the year except in December
and February. There was no difference in numbers of Pra tylenchus in rcots
between any of the other wheat crops in the cycle.

Numbers ofPrarrlenchus in lhe soil varied according to the year of the
crop in the cycle. In both years Prqtylenchus in the soil in the first year
after fallow were fewer than in all other crops until August, when they
exceeded or equalled nunbers under continuous wheat. In first-year
vr'heat, numbers started to increase in May and continued to do so until
August. In 1966 there was a peak in numbers in all sections sampled in
July. This was not seen in 1967-possibly because June and July were dry
months. Mean numbers of Prarllenchus in section II (fourth year, 1966;
fallow, 1967) increased steadily in May and June 1966 to a p€ak in July,
decreasing in August, and thereafter remaining steady until the fallow was
established by ploughing the stubble in October. Numbers then declined
rapidly until December, whenthere was a slight increase, possibly caused by
nematodes escaping from decaying roots: samples of stubble taken from
166
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TABLE 8'6 (CotrtiDued)

Log numbers of nematodesflitre soil
1967 Crop

Sections
IV vA s.E. 28 s.E.

Plots
Month IA IIIIIIB

T ylenc hus I Dit y lenc hus sop.
Dec. 1966 3'39 309 338 3'23 3'17 3'44 0'129 3'31 3'39
Jan. 1967 3'33 2'92 3'53 3 36 3'39 3 50 0 135 3 64 3'23
Feb. 3'43 3'17 3'42 3'49 3'42 3'59 0103 3 76 3'31
Mar. 3.46 3'06 3.36 3'41 3 30 3'43 0'121 3'66 3'23
April 3'69 3'61 3'78 3'67 3 51 3'88 0 080 3 96 3-61
May 3'66 3'44 3'72 3'53 3 56 3 69 0'129 3'74 3'61
June 3 67 3 50 3 52 3'50 3 65 3'66 0'099 3'78 3 50
July 3.52 3.56 3 4E 3 57 3'60 3 59 0 l 13 3'65 3 45
Aug. 3.29 3.37 3.27 3.)7 3 36 3 51 0'129 3'65 3 31
Sept. 3'87 3'87 3'52 373 lU 3'99 0107 396 3'73

Aphelenchs
Dec. 1966 2 84 2'12 2'79 2'fi 2'99 2'62 0'286 2'74 2'75
Jao. 1967 316 2'54 3'12 3'12 3'43 3'41 0-227 3'43 3'01
Feb. 2'82 278 2'76 3'15 3'07 2'71 0'136 3'04 Z'19
Mar. 2.9s 2'62 2'54 2' 2'82 2'88 0'155 307 263
April 2.U 3.& 2.$ 3.A 2'59 3'O2 0'223 3'12 2'63
May 2'62 1'49 2'16 2'51 2'53 2'66 0'333 2M 2'43
June 3'12 2'87 2'77 l'91 3'14 2'34 0'399 2'95 2'30
July 2'66 2'71 2'32 2'83 2'A 2'52 O'24 2'82 2'49
Aug. 2.55 2.91 l'49 2'94 2'81 2'83 0'327 2'86 2'21
Sept. 2.71 2.Y 2.17 2.91 2.93 2'96 0'242 2'78 2-71

other nenatodes (mainly non spear-bearing foams)
3.75 3.10 3.44 3.76 3-39 3-s2 0.135 3.sE 3.45
3-60 3.42 3.55 355 3.67 3.74 0.129 3.98 3.34
3'63 3,l(} 3 47 3 83 3'?l 3'71 0'136 4 00 3'48
!6 3.43 3.29 3.@ 3.50 3.66 0.t45 3.91 3.37
3.55 1.77 3.75 4.4 3.62 4.@ 0.155 4.07 3.69
3.78 3-52 3.60 3.58 3.66 3.80 0.156 3.78 3.60
4.Os 3-17 3.39 3.85 4.00 3.79 0.t22 3.91 3-61
3.85 1.77 3.60 3.82 3.87 3.q) 0.105 3.9r 3.64
3.88 3.73 3.37 3.83 3.71 3.72 0.t03 4.06 3.53
3.98 4.U 3.49 4.06 4.24 4.11 0.147 4.12 3-94

Dec. 1966
Jan. 1967
Feb.
Mar.
April
May
June
July
Aug.
S€pt.

3.15 0.091
3.15 0.095
3.19 0.073
3.12 0.090
3.51 0.057
3.45 0.@2
3.41 0.AO
3.62 0.080
3.13 0.092
3.71 0.075

2-19 0.242
2.95 0.1@
2.81 0.096
2.67 0.r I0
2-70 0.r58
2.52 0.235
2.82 0.282
2.53 0.169
2.70 0.231
2.71 0.171

3.45 0 095
3',14 0 091
3.40 0.096
3-29 0-102
3.64 0.109
3.58 0.110
3.83 0.086
3 86 0.074
3.53 0 073
3.93 0.r04

the soil surface in December still had eight Pratylenchuslg in the roots.
Numbers then remained fairly steady until March when there was a sudden
increase, possibly because eggs in the soil and decaying stubble hatched;
they then declined again, yery rapidly in June before summer ptoughing of
the fallow, to give a small residual population at the end of the fallow.
The major benefit of the fallow in lessening nematode populations seems to
occur in June.

Numbers of Paratylenchus microdorus fluctuated approximately as the
Pratylenchus population (Table 8'5, Fig. 8 2). However, the difference
between the numbers in the first year and those in other years was smaller
than rtilh Prutylenclras. Numbers increased faster than lhose of Pralylen-
ciuJ with a steep rise in April. The population in the fallow also increased
in March, followed, aswith Pratylenchff, by a steady fall culminating in a
steep one in June.

Populations of Tylenchorhynchus fluctuated widely throughout the
p€riod; observations made in 1966 and 1967 showed no consistent pattern
(Table 8'5, Fig. 8'2).
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TABLE 8.7

Log numbers of groups of nematodesllioe of soil

Sections
Month IA II III

May
June
July
Aug.
s€pt.
&.
Nov.

All ner atodes
Mav
June
July
Aug.
Sept.
Oct.
Nov.

1966 Crop

s.E.

0.161
0.lll
0.074
0.050
0.070
o o49
0 048

0.r57
0.085
0.086
0.r40
o.144
0.067
0.r01

0 1,15
0 067
0.061
0.095
0.1l3
0.054
0.050

29

3.57
3.83
4.28
4.1I
3.98
3.98
4.21

3.54
3.90
4.06
3.81
3.88
3.82
403

4.21 4.20
4.4t 4.22
4.77 4.46
4.60 4.33
4.55 4.43
4.46 4.29
4.67 4.17

3.,t0 0.161
1.71 0.t t1
4.19 0.074
3.95 0.050
3.95 0.070
4.01 0.049
3.66 0.048

3.12 0.157
3.65 0.085
3.99 0.086
3.65 0.t,t0
1. O.t44
3.82 0.067
3.51 0.t01

3.85 0146
4-31 0.067
4.68 0'061
4.42 0-095
4 55 0.113
4.45 0.054
4.10 0.050

Total parasiks
May 3 68 3 53 3'25
June 3'94 3'74 3'51
July 4'15 4'31 3'99
Aug. 3'85 4'02 4'ol
Sept. 3-15 4.03 3.89
Oct. 3.82 400 3'92
Nov. 3'96 3'82 3'75

Other Tylerchs, incl. Aphelenchs
3.63 3.38 3.r9
3.82 3.78 3.57
4-15 3.95 3.80
3.59 3.74 3.73
3-75 3. 3.98
3-69 3.78 3.89
3.78 3.69 3.63

4-24 4.18 3.86
4.4t 4.37 4.17
4-77 4.68 4.47
4-36 4.47 4.52
4.34 4.55 4.63
4.32 4-4o 4.48
4.38 4.23 4.33

3

3.59
3.65
3.98
3.8t
3.73
3.'16
3.66

353
3.63
3.85
3.58
3.86
3.72
3.55

Numbers of Helicotylenchus spp. fluctuated widely during the period
sampled (Table 8 5, Fig. 8 2). Numbers fell after ploughing in October
1966 in section II (fourth-year, 1966; fallow, 1967) and section III (first-
year, 1966; second-year, 1967) but not in section IA (continuous wheat).
In section II numbers increased again in November, whereas they fell
further in section III, to rise in December. Thereafter numbers in the
different years of the crop fallow cycle did not differ from one another
until July, when the fallow had fewest, populations having declined from
the beginning of May. Numbers of Ilelicotylenchus increased in August and
were most in all sections except the fallow at the beginning of September.

The groups of nematodes not known to feed on plant roots (Table 8'6) also
tended to be fewer at first in the first year after fallow. In May 1966
TylenchuslDitylenchus were fewer in section III than in the others, but by
August were the same as in IA and II. Numbers ofAphelenchs fluctuated
inconsistently, but 'Other' nematodes remained fewest in section III until
August when most were present. In the 1967 crop, these were again fewest
in first year after fallow (section IB). Populations increased faster than
those of the different parasitic genera, so that by April populations of
Tylenchusl Ditylenchus, Aphelenchs and 'Others' in section IB had equalled
or exceeded those in other sections. Under fallow (section II), 'Other'
nematodes decreased greatly in April and May. TylmchuslDitylenchus
decreased from April to August, when they were fewest. Aphelench num-
bers fluctuated during this period, but decreased greatly in July. There-
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TABLE 8'7 (Cotrttuued)

Log numbers of groups of nematodesflitre of soil
1967 Crop

Sectiotrs
vA s.E. 28

3.39 0.272 3.25
3.74 0.137 3.82
3.78 0.0M 3.90
3 75 0.089 3.80
3.87 0.073 3.85
3.71 0.156 3.65
3.68 0.080 3.89
3.89 0.123 3.68
3.98 0.090 4.06
4.34 0-tO1 4.17

3.51 0.t47 3.44
3.76 0.155 3.87
3.67 0.083 3.85
3.s4 0.|4 3-17
3 94 0.081 4.03
3.12 0.12s 3.76
3.68 0.095 3.86
3.?3 0.108 3.?2
3.60 0.134 3.71
4.03 0.lm 3.99

3.99 0-155 3.96
4.24 0-127 4.39
4.21 O-09o 4.42
4.15 0.t12 4-33
4.4E 0.090 450
4.25 0-132 4.24
4.21 0.088 4.40
4.35 0.0q) 4.29
4.29 0.091 4.46
4.10 0-094 4.@

Plots
Month IA IVIIIIIIB S.E.

Total parasites
Dec. 1956 3.,1O 3.07
lan.1967 3.7O 3.23Feb. 3-74 3.28Mar. 3.59 3.34April 3.67 3.38
May 3.75 3-42June 3.76 3.57July 3.90 3.78Aug. 3.84 3.87
Sept. 3.93 3-98

D@. 1966 3-52 3.25
Jan. 1967 3.56 3.09
Feb. 3.54 3.33Mar. 3.60 3.20
April 3-15 3.71
May 3-7O 3.47June 3.78 3.60July 3.fi 3.62
Auc. 3'36 3.52
Sept. 3.91 3.89

All nenatodes

Orher Tylenchs, incl. Aphele chs

3 55 3.35 3.54
3.?3 3.60 3.85
3.76 3.82 3.8s
3.64 3.55 3.63
3.9t 3.57 3.63
3.81 3.41 3 70
3-65 3.59 3.85
3.23 3.79 3.76
3 36 3.89 3.96
3.& 4.ts 4-14

3.50 3.39 3.40
3.69 3.56 3'71
3.5r 3.66 3.59
3-43 3.54 3.44
3.8t 3.76 3.57
3.73 3.58 3 60
3.59 3.55 3.?8
3.52 3.65 3.66
3.30 3.5t 3.47
3.57 3.80 3.90

4.N 4-A 3-96
4.15 4.06 4.24
4.to 4.28 4.23
3.98 4.08 4.06
4.32 4-33 4.12
4-22 4.A 4.t5
4.O5 4.t8 4.40
3.98 4.26 4-26
3.84 4-27 4.26
!9 4.56 4.63

3.50 3.210 0.192
3.47 3.64 0.@7
3.52 3.70 0.060
3.38 3.57 0.063
3.48 3.68 0.051
3.54 3.71 0.110
3.s2 3.64 0.057
3.63 3 85 0.087
3.63 3.16 UW
3.81 4 00 0.071

3.51 3.33 0.104
3.44 3.38 0.1l0
3.44 3.16 0.059
3.33 3 27 0.080
3.68 3.57 0.057
3.64 3.50 0.089
3.57 3.58 0.067
3 50 3.67 0.075
3.38 3.28 0.095
3.78 3.77 0.071

3.99 3.91 0.1l0
3.91 4.00 0.090
3.98 4.00 0.06,1
3.87 3.91 0.079
4.15 4.14 0.063
4.09 4.10 0.093
4.07 4.21 0.63
4.t0 4.30 0.054
4.M 4.06 0-064
4.31 4.44 0.W

Dec. 1966
lan. 1967
Feb.
Mar.
Apl
May
Jutre
July
Aus.
Sept.

4.to 3.6
4.12 3.79
4.t5 3.U
4.t I 3.63
4.16 4.15
4.23 3.91
4.38 4.t6
4.29 4.23
4.24 4.22
4.46 4.48

after the populations of all three groups were smaller in fallow than in any
other section.

Grouping the nematodes into Parasites, Other Tylenchs (mainly spear-
bearing non-parasites) and All Nematodes (Tabte 8.7) gives much the same
pattern. In 1966 under first crop after fallow they are fewest until August,
when the numbers exceed those in section IA (continuous wheat). In 1967,
Other Tylenchs and All Nematodes were as numerous in April under the
first crop after fallow (IB) as in other sections: by May Total Parasites were
as numerous in IB as in other sections. In the fallow, All Nematodes and
Other Tylenchs declined steadily from the b€ginning of April to fewest in
August, increasing slightly in September. Populations ofparasites declined
slowly in April and May, and rapidly in June, to increase slightly in July.

Depth samples. The migratory nematodes in soil sampled down to a depth
ofjust over 2 ft were studied in 196l and 1966 and deep samples in 1968
Cfables 8'8 and 8'9. The standard error was derived from the interaction
of s€ctions with depth.) In March and May 1961 samples were taken from

169

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-1-2 pp 15

ROTHAMSTED REPORT FOR 1968, PART 2

the land at the side of sections I, II, III and IV to depths ofjust over 2 ft.
A 12'5 ml sample from each depth was extracted through 'Scottie' brand
tissue on small sieves in water in Petri dishes. Results are in Table 8'8.
Pratylenchus spp. were the most numerous plant parasites and there were
many throughout the profile sampled; they equalled or exc€eded in number

TABLE 8.8

Log numbers of nematodesllitre soil at various depths, 1961

Depth (in.) S€crions

Month 0-4 4-8 8-12 12-24 24+ S-E. I II Itr M-E.
Pralylenchus

Mar. 319 3'73 !'s3 3'47 3'29 O0D3 3'55 3 35 3 86 3'47 0'083
M"y 3ll 308 3'18 307 3'28 0'0m 302 3'36 3'37 2'83 o'o72

Paratyletuhus
Mar. 3'50 3'26 1 68 0 m O'04 O'27s l 1'33 1'69 l'82 0'246
M"y 2'63 2'57 0'55 048 0'06 0417 l'17 r'24 154 l'08 0373

Tylenchorhynchus
Ma!. 2'61 2'42 206 ll5 0'09 0348 t'44 l'51 l'71 l'93 0'3ll
M"y l'98 l'58 2'10 o'95 2'13 0421 26 r'71 l'67 l'60 0'377

Eelicotylenchus
Mar. 3'07 3'03 3'38 255 2'ol Ol74 294 2'55 2'92 2'W 0'156
Mit 231 t.Bz 2.25 r.91 1 54 0 395 2't4 2'56 2't4 t'01 0'353

TybachuslDitybnchus
Ma!. 3 63 3'55 2 33 0'00 O'03 0 063 1'88 l'90 l'86 2 01 0 056
Mt, 1.29 3.28 l.l5 2'21 086 0 394 2'06 27s t'85 1'97 o'1s2

Aphelenchs
Mar. 3oO 325 2'03 0'55 l'33 0373 t'47 2'41 2'15 t'90 0'333
M"y 2'69 2'81 l'51 0,18 094 0428 l'96 1'47 l'61 l'69 0383

Others
Mar. 4'M 4'22 3'41 261 2'57 Otr2 3'38 3'42 3'10 357 0'100
M"y 3'61 3'15 3@ 259 2'32 OlOl 3'13 3'06 296 3'06 0'096

Toral pdrasires

Mar. 46 3'99 381 3'56 3'32 0'093 383 352 3'98 367 0083
M"v 3'41 3'39 3'29 3'19 3'30 0'103 3'29 3'50 3'il6 300 0'(x)2

Othar Tylencl$, incl. Aphelenchs
Ma!. 3'sO 3'?8 2'53 O'55 l'35 0337 l'94 2'53 2'm 2'33 0'301
M"y 3'39 3'43 2'18 222 200 0'145 2'58 2'82 2'52 2'65 O'l3o

All nerrarodet
Mar. 4'51 4's1 4'A 3'f6 3'47 0'l0l 4'02 3 95 4'12 4'@ O'09l
Miy 3 98 4'05 3 50 3 41 3'43 0'09't 3'63 3 80 3'75 3'52 O'O84

Prurylenchus as % of tunl aenatodcs
Mar. 22'2 l8'5 35'2 65'4 698 4'65 4l'8 35'6 58'l 33'4 4'16
Mi, ti.4 tt.4 47-9 49.9 74'9 7'18 33'o 43'2 52'8 32'z 6'42

a1l other nematodes b€low a depth of 12 in., and as a percentage of total
nematodes were fewest in samples 4 to 8 in. deep. In total in the complete
profile, they were most abundant next to section lll. Paratylenchus
mioodorus was almost restricted to the top 12 in. The depth distribution
of TylenchorhynchlJ spp, varied; in March they were most numerous at
the ;urface and in May at the Sreatest depth sampled. Helicolylenchus
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TABLE t.9
Log numbers of nematodesllite soil to a depth oI 25 in.

1966
Depth (in.)

Mooth 0-5 5-10 10-15 t5-20 20-25 S.E.
Prutyletchus spp-

May lU 2.55 2.7s 2.fi 1.95 0.473JuDe 2.99 2.97 3.13 2.7O 2.71 O.AfJuly 4.14 3.77 1.6'1 3.37 3.07 0.164Aug. 3.75 3.72 3.93 3.57 3.03 0.229Sept. 3.13 3.67 3.53 3.39 3.25 0-242Oct.+ 3.73 3.50 - 0.151

Parat y lenc hus micrcdo rus
May 2.& 2.53 O.57 0.77 0.77 0.563June 2.47 2.21 0.67 0.m O.l4 0.476July 3.54 2.18 1.69 2.28 1.37 0.16Aug. 3.29 1.88 2.19 0.80 1.38 0.621Sept. 2.35 3.m 1.60 1.30 1.34 0.428Oct.. 3.36 2.95 - 0.140

Tylenchorhynchus spp-
May 2.07 1.4 O.57 0.61 0.0O 0.389June l-14 1.49 0.83 1.34 0.57 0.655July 2.63 2.52 2.16 O.?3 l.9l 0.3,t4Aug. 2.32 1.61 1.44 0.51 1.80 0.644Sept- 1.54 2.33 l.9l 0.57 O.57 0.572Oct.* 1.55 0.57

Helicoulenchus spp.
May 2.97 2.1O 0.00 l.l4 0.67 0.428Jun€ 1.89 159 2.Ol 0.17 0.57 0.781July 1.65 1.44 1.55 2.20 l.7l 0.684Aug. 2-68 1.67 0.67 0.67 1.21 0.637Sept. 0.67 2.69 2.12 1.49 0.90 0.,145

- o45r

3.30 3.34 2.3s 1.73 2.78 0.431
3.65 3.99 3.09 3.I9 1.68 0.4084.to 4.u 3.60 3.36 3.00 0.126
4.19 3.77 3.7a 2. 2.89 0.423
3.49 3-61 3.t2 2.95 2.88 0.159

- 0.159
t To l0 in. oDly.

Sections
II III S.E.

r.82 2.93 2.9 0.367
2.89 2.82 299 0.181
3.38 3.73 3.69 0.127
3 49 3.58 3.14 0.t772.9 3.47 3.73 0.188
3.88 3.43 3.55 0.185

l.5r t.96 0.90 0.436
1.49 1.25 1.14 0.369
1.88 2.29 2.48 0.593la 2.67 1.43 0.48r
o.59 2.63 2.54 0.331
3.01 3.r4 3.32 0.171

1.74 0.34 0.14 0.302
1.45 t.43 0.34 0.507
t-12 2.29 1.95 0.26
1.70 1.74 1.24 0.499
1.21 t-ss 1.37 0.443
100 0.m 2.18 0.501

1.59 1.78 l.l I 0.332t.5t 1.20 1.39 0.605
I.64 t.86 1.62 0.530
1.25 2.O8 0.80 0.493
0.93 2.50 1.30 0.345
2.71 1.20 1.94 0.553

2.s6 2.63 1.63 0.526
2.93 2.48 2.27 0.290
3.16 3.26 2.86 0.108
2.s3 2-68 2.66 0.350
2.46 2.74 2.70 o.tM
3.33 3.22 3.21 0.1l8

l.9l 2.30 1.18 0.395
2.31 2.6 t.55 0.351
2.34 2-83 2.64 0.3t0
2.52 2.85 2.7t 0.212
1.38 2.40 2.69 0.336
3-r2 3.25 3.29 0.192

3.08 2.78 2.23 0.334
3.42 3.34 2.59 0.316
3.61 3.90 3.46 0.098
3.34 3.E3 3-37 0.328
2.86 3.28 3.49 0.123
3.68 1.50 4.02 0.m8

IA

Oct.' 2-52 1.&
T t le nc h us I D i, y I cnc hus app.

May 3.23 3.27 1.14 1.86 1.86 0.679June 3.U 3.52 2.49 2.2O 1.34 0.374July 3.48 3.,18 2.78 2-86 2.87 0.139Aus. 3.48 3.24 2.65 2.43 1.30 0.452Sept. 2.99 3.29 2.32 2.tG 2.39 0.186
Oct.* 3.33 3.18 - 0.096

Apheletchs
May 2.06 2.45 085 1.47 2.16 0.510June 2.5O 2.46 2.65 2.37 0.89 0.454July 3.33 2.98 2.53 2.68 1.49 G400Au8. 3.45 2.69 2.76 2.@ 2.48 0.273Sept. 2.83 2.53 2.12 t.82 1.49 0.431Oct.. 3.13 3.31 - 0.!52

Others
Mav
June
July
Aug.
Sept.
Oct. ' 3.67 3.19

t7t
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spp. were present throughout the profile and at both sampling dates were
most numerous between 8 and 12 in. The TylenchuslDitylenchus grotp
were present 12 in. deep in March, but in May also occurred down to 24
in. Aphelenchs were very few below 12 in. All other nematodes were
most numerous 4-8 in. deep, but many also occurred below 2 ft. Plant
nematodes as a group were concentrated near the surface in March and
were less numerous but more evenly distributed throughout the profile in
May. All groups of nematodes were fewer in May than in March.

In 1966 soil samples were taken in the cropped headland discard ofplot
7 in section IA, II and III to depths of 25 in. in May, June, July, August
and September. In October samples were taken to 10 in. only. Two samples

were taken at each site with a 2 in. Jarrett auger and thoroughly mixed.
250 ml of soil from each was then extracted through 'Scottie' tissues on
large open trays (Whitehead & Hemming, 1965). The results (Table 8 9)
are broadly comparable with those obtained from the land at the side of
the main plots in 1960: Pratylenchus spp. were more numerous than any
other nematode except in June at 15-20 in., and formed a third or more
of the total nematodes deeper than l0 in. Pratylenclrs as a perccntage of
all nematodes were fewest at 5-10 in. in May, June, July and October and
at 0-5 in. in August and September (Table 8'10), but highest numbers at
0-5 in. and 5-10 in. depths were reached in July, between 10 and 20 in.

TABI,E 8'10

Log numbers of groups of nematodesllitre soil to a depth of 25 in., 1966
Depth (in.)

Month 0-5 5-10 l0-t5 15-20 20-25 S.E.

Tolal parasites
2.91 2.81 1.99
3.m 2.80 2.79
3.73 3.45 3.r5
3.95 3.59 3.08,:8 '1' ?

Mav 3'48 292
Jun! 3 24 l.l8
July 4'21 39o
Aus. 395 378
Sept. 3'30 3 82
oct.+ 3 93 166

other Tylenchs, incl- Aphelenchs
Mav 329 325 l'44 1'91 2'55
Jurie 3 38 3 59 295 272 l 5l
Julv 3'72 3'6o 3 10 3 08 2 95
Aui. 3.77 3.31 3o2 261 25o
Seo'i. 3.22 3.36 255 2'58 2'51
oil.* 356 3s6

All nenalodes

Sections
IA II III S.E.

2.20 3.lt 3.16 0.374
!@ 2.95 3.08 0.166
3.46 3.83 3.80 0.1l2
3.56 3.65 3.80 0.168
3.03 3.62 3.81 0.209
3.91 3.63 3.78 0.181

2.59 2.92 1.99 0.489
3.09 3.08 2.33 0.275
3.3t 3.44 3.13 0 071
3.00 3.14 3.Ot 0.242
2.55 2.95 3.05 0.151
1.56 3.s4 3.58 0.085

3.42 3.48 3.43 0.139
3.75 3.6 3.s2 0.188
3.98 4.28 4.M 0.085
3.91 4.12 4.07 0.211
3.42 3.89 4.O5 0.132
4.30 4.O7 4.11 0.M9

1.6 3t.t 54.4 ll.2A
18.0 17.5 4l-5 7.25
26.1 32.r 45.4 3.70
43.3 29.r 58.8 9.39
48.3 40.0 5r.0 5.36
38.1 23.3 18.5 7.47

Mav
June
July
Aug.
S€pt.
Oct. +

Prutylenchus as \ of all nematodes
Mav 15 1 4'5 55'2 &-2 32'7
Jun! ll.l 7.9 36'8 l8'3 54'3
Julv 317 m7 43'O 37'0 34'2
lui:. 195 384 5lO 700 397
sepi. t9.o 34 4 6l t 60 3 57 4
oct.* 29'9 23'4

t72

3.88 3.67 3.12 3.26 3.29
3.94 4.20 3.& 3.M 3.U
4.s7 4.st 4.05 3.84 3.55
4.st 4.23 4.21 3.14 3.42
3.92 4.r3 3.75 3.63 3.50
4.2a 4-21

0.,183
0.215
0.145
0.216
0.270
0.r48

0 631
0.355
0.(Dt
0.312
0.195
0.070

o-119
0.243
0 11I
0.273
0.170
0.056

14.56
9.36
4.78

t2.tt
6.92
6.10
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in August and from 20 to 25 in. in September (Table 8.9). Paratylenchus
microdorus, Tylmchorhynchus spp. and Helicotylmchus spp. occurred
throughout the profile but in May and June there were few of them below
l0 in. In the other months more were present at depth, but most were in
the top 15 in. Most nematodes were most numerous in the top l0 in.
(Table 8'10), and though the relative numbers of Pratyleacim increased
with depth, it was a proportionate increase and most were in the top l0 in.
There was no consistent difference between numbers in the three sections
sampled.

The first deep samples were taken in February 1968 to a depth of 6 ft in
the uncropped pathway between plots 3 and 5 and 8 and 9 in the headland
separating sections III and IV. The small amount of partially dried soil
from the two cores was extracted on op€n trays (Whitehead & Hemming,
1965) and contained the nematodes shown in Table 8.11. Pratylenchus

TABLE E.lT
Log mtmbers of nematodesllitre soil

Deep samples, February 1 8
Depth (ir.)

2l-27 33-39 45-51
2.90 2.35 2.tO
2-98 2.3s 2.tO

0-3 9-15
2.30 2.89
3.48 2.93

57-43 69-72
2.44 0.m
2.54 O.00

Pratylenchus
All nematodes

Deep samples, September 1968

o_9
Pratylenchus 3.08
Paratyleochus 2.44
Tyletrchorhynchus 2.03
Helicotylenchus 2.81
Tylenchus/Ditylenchus 3.14
Aphelenchs 2.2O
Other nematodes 3-37
Total parasites 3.45
Other Tylenchida 3.26
All trematodes 3.90
Pratylenchus )1 ol all 20.6

nematodes

Depth (in.)
9-18 l8)7 27l6 3645 45-54 54-63 63 72 S.E.
3.51 306 2.67 2.tO 1.60 0.50 0.53 0.277
1.34 0.00 0.00 0.33 0.00 0.ll 0.ll 0.359
2.05 2.41 0.90 000 0.00 0.02 0.o2 0.2M
2.s5 r.98 1.27 1.35 0.29 -0.10 0.34 0.381
2.49 1.42 t.67 1.62 0.57 0.39 0.45 0.297
0.00 0 29 1.27 0.m 0 29 -0.07 -0.07 0.203
2.78 l-92 1.94 1.39 t.t9 0.42 0.76 0.419
3.@ 3.26 2.83 2.46 l'88 0.47 0.56 0.252
2.49 t-70 2.@ 1.62 0.85 0.35 0.41 0.272
3.77 3-34 3.O3 2-18 2.33 r.t3 0.91 0.314

56.8 54.4 47.3 43.4 50.r 42.8 25.4 7.42

thomei and P . minlus were found near the surface witb P . thornei occur-
ring as deep as 5 ft: few other nematodes were found at this depth.

More samples were taken in September 1968 from plots 28, 3 and 7 in
the cropped headland separatiog sections IA and IB. Table 8.1I shows the
results from this sampling, with standard errors derived from the interac-
tion of plots and deplhs. Pratylenchr.s spp. which were most abundant at
9-18 in., occurred down to 6 ft, though few were present below 54 in.
They comprised more than 4S)( of all nematodes between 9 and 63 in.
deep. Paratylmchus were almost restricted to the top l8 il., Tylencho-
rhynchus were most abundant b€tween l8 Lnd 27 ir,-, with very few below
36 im. Helicotylenchus were very few below 45 il- Tylenchus arrd Dity-
/enclrs were present throughout the profile, but became fewer with increas-
ing depth. Aphelenchs occurred at the surface and between 27 a]|d 36 ir,.
deep, with few or none at other depths. Populations of'Other' nematodes
decreased rapidly below 9 in., but some occurred at all depths sampled.
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Bmadbalk &eim
Broadbalk is drained along the centre line of each plot by tile drains 2 ft.
deep, which run for short periods after heavy rain. In December 1966
nematodes were caught at the drain outfalls ofplots 3, 7 and 8 on 300 mesh
sieves. The drains from plots 7 and 8 were running at approximately the
same rate, but that from plot 3 was ruming much faster; plot 2,A. and 28
drains were not running. The nematodes were not counted, but those
caught included Pratylenchus thornei, P. minyus (very few), Helico-
t ylenchus lulgaris, Parat ylenchus microdorus, Tylenchorhynchus sp. prob-
ably T. macrurus, Trophurus imperialis, larvae of Heterodera avenae,

Tylenchus spp-, and some Rhabditids, Plectids and Mononchs.

Discussion

The evidence from these surveys shows that the most numerous nematodes
in Broadbalk soil that are parasitic on plants are species of Pratylenchus.
They invade roots of young wheat seedlings and increase rapidly there
throughout the winter, a period when nematodes have been considered to
be inactive- Nematode populations do not differ consistendy with plot
treatments, except that species parasitic on plants ale often fewer than
elsewhere in the unmanured plot, where the plants do not grow well and
presumably have small root systems. The recent surveys (196G67) show
more nematodes in the FYM plots than in others, which was not shown
in the earlier surveys: it is uncertain whether the differences between
the surveys reflect long-term population changes or altered sampling and
extraction techniques.

Populations of all nematodes decrease under the fallow and increase
under the first wheat crop at rates that differ with different species. Many
nematodes occur in the soil and subsoil to a depth of 6 ft, but below 10 or
12 in. Pratylenchus spp., mainly P. thornei, arc the most numerous.

The information is too little to assess what effect the feeding by the nema-
todes has on crop yield, but it is improbable they contribute much to
the difference in yield between different plots.
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