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Results from the Woburn Reference Experinenl
Itr. Yields of the cmps and recoyeries of N, P, K and Mg from manmes

and soil, 1975-79

F. V. WIDDOWSON, A. PENNY and M. V. HEWTm

Atstsrct

The €xperiment, b€gun in 1960 on sandy-silty loam at Wobum, tested N, P,
K and Mg fertilisers alone and with FYM on five arable crops and a long ley.
Results from the fourth s-year cycle (1975-79) and yield and clop uprake
over 20 yeals are summarised. N iocreased yields greatly, P little and K more
than N for sugar beet, potato€s and the clover-grass ley. Yields urErE largEst
where both FYM and NPK fertilisers were givetr. Nutrient balance sheets from
1975-79 showed that removals (kg ha-r) raogEd from 171 to 698 of N, 29 to
105 of P and 131 to 1l0l of K. The soil supplied (kg ha-l) 39 of N, 10.4 of P
and 29 of K per annum in the 6nal 5 yeafs.

Inhoduction
The experiment was begun in 1960 on the sandy-silty loam (overlying Irwer GreenMnd)
of Stackyard Field at Wobum, Beds and continued with no change to the rotation and
little change to the manuring until 1979. Its objective was to measure the effects of N,
P and K fertilisers and of farmyard manure (FYM) applied alone and together on yields,
crop nutrient uptakes and nutrient balances in the soil. Five arable crops (spring barley,
clover-grass ley, potatoes, winter oats and sugar beet) were grown each year and in that
sequenc€, so that during each 5-year cycle of the experiment each crop was grown onc€
in each block. There were also blocks of long ley and soft fruit, The results obtained
from 1960 to 1969 (Widdowson & Penny, 1967, 1972; Widdowson, Penny & Williams,
1967; Williams, 1973) and from 1970 to 1974 (Widdowson & Penny, 1979) have already
been published and should be read in conjunction with the data given here, which are
from the fourth and final S-year cycle of the exp€riment The test of magnesium ferti-
liser on sugar beet and potatoes, begun in 1967 following the confirmation of Mg defici-
ency in foliage, was continued.

This paper presents the data briefly and is intended to be used in conjunction with our
previous results. However, it includes a crop nutrient balance sheet constructed from the
data obtained during the entire 2Gyear life of the experiment.

I)esign antl measur€ments

The five arable crops, the long ley and the soft fruit each received all combinations of
two amounts (0 v. 1) of N, P and K fertilisers in the standard eight-plot factorial combina-
tion, and also a double amount of N (N2) with P and K. Farmyard manure (FYM) was
also tested alone (Code D), and together with fertilisen supplying either the single or
double amount of N @NIPK and DN2PK). However, the FYM was applied only for
potatoes and sugar beet and not for the other three arable crops, which therefore measured
its residues; it was applied annually for the long ley and the soft fruit. The arrangement

5
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of the twelve treatments in each block was restricted by using six rows of a l2xl2 Latin
Square. Individual plots were small (5'8 m2).

Each year the yields of each crop were measured and samples taken to measure dry
matter and N, P and K contents. These values then were used to calculate dry matter
yields and the amounts of N, P, K and Mg that the crops removed. These, together with
the amounts of N, P, K and Mg added in fertilisers and in FYM were used to construct
nutrient balance sheets over each s-year cycle of the experiment. The amount of each

nutrient that each crop removed was used to calculate the apparent efficiency of uptake
of the N, P and K in the fertilisers and in the FYM. These uptakes also allowed us to
measure the quantities of N, P and K supplied by this soil and to determine whether
these changed with time. Additionally, the penultimate leaflets were removed from 20
stems on each half-plot of potatoes in July, to measure Mg concentrations, which also
were measured in potato tubers and in sugar-beet tops at harvest.

Experim€ntd metbod

Appropriate blocks of the arable rotation were dug in autumn after applying FYM for
potatoes and sugar beet; it was applied to the long ley and to the fruit in spring. P and K
were broadcast during winter and N and Mg in spring. The crop varieties chosen were:
barley, Julia (ethirimol dressed); rotation ley, RVP Italian ryegrass and Hungaropoly
red clover; potatoes, Pentland Crown; oats, Peniarth; sugar beet, Klein E. The long ley
was a composite mixture of grasses and clovers; the strawberries, Cambridge Vigour;
blackcurrants, Wellington )O(X and gooseberries, Careless.

Manuring 63 kg PzOs ha-L (27'4kC P) as triple superphosphate and 251 kg KzO ha-r
(208.5 kg K) as potassium bicarbonate were applied to appropriate plots of each crop in
€ach year. Amounts of N (as ammonium nitrate) differed with crop and were (in kg ha-l) ;

Spring Rotation Winter
barley ley Potato€s oats

N1 63 31 126 63
N2 t26 63 251 125

Sugar Long
beet ley
126 188
25t 376

Soft
fruit

63
t26

The N was applied in one dressing for the rotation ley, but was divided into two equal
dressings for barley, potato€s, oats and sugar beet and into three for the long ley. Epsom
salts (MgSOa.THzO) were broadcast (50 kg Mg ha-t; over one half of each sugar-b€et
and potato plot in spring and to the other half after the crops had been harvested. Thus
100 kg Mg ha-r were applied in each 5-year cycle to every plot in the arable rotation; the
same quantity was also given to the long ley and fruit. Basal calcium carbonate was

broadcast in autumn 1974 to maintain soil pH at or near 7'0 and basal boron (5 kg ha-l)
was sprayed over sugar beet each spring after singling.

Ctemicd analys€s of tbe croF
r\r'rro8'€r was determined after Kjeldahl digestion using CuSO4 and K2SOI as catalysts

by Technicon AutoAnalyser, using Yarley's (1960 method modified by adding citrate-
tartrate buffer.

Phosploras was measured by AutoAnalysis using the method of Fogg and Wilkinson
(1958) after ashing and dissolving in 0'06 N-HCI.

Por4$irrm was measured by Unicam SP.90A after dry ashing and solution in 0'06 N-HCI.
Magnesium was measured by atomic absorption, with strontium as releasing agent

using a Unicam SP.90A flame sp€ctrophotometer, after dry ashing and solution in
0.06 N-HCI.
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Yietds

Effects of N, P and K fertiliscrs rnll I'YM. To allow direct comparisons between the
abilities of the different crops to obtain nutrients from this soil, and between their
relative responsiveness to added nulrients, most yields are presented as dry matter.
However, to be able to judge the yields in conventional terms, Appendix Table 1 shows
fresh yields of potato tubers and sugar beet roots and tops, the yield of sugar from the
sugar beet and the yields of oats and barley grain at 15% moisture content. Though
maximum yields were never large, they were largest where both FYM and fertilisers were
given. The increases in yield from giving FYM were especially large for potatoes and
sugar beet. Appendix Table 2 compares yields of the different crops as dry matter. The
FYM and NPK fertilisers together increased yields of potatoes, sugar beet and the
rotation ley four-fold and those of oats and barley grain three-fold, though straw yields
were increased by more. The largest total dry matter yield (15-21 t ha-l) was obtained
from sugar-beet tops plus roots; winter oats grain plus straw (11.38 t ha-) outyielded
spring barley (9.53 t ha-r) and all three crops out-yielded the potatoes (tubers only), the
rotation ley and the long ley.

Main effects and interactions ofN, P and ( fertitisers. The data in Table 1 were obtaincd
in the conventional way by subtracting yields from four of the eight factorial treatments

TABI,E I
Main etects a1d interactiont of N, P aru| K fertilisers on five arable uops, 1975-79

Oatgain 1.45.. O.22 O.Ol O.l8 0.06shaw 1.n.. 0.39 0.59. 0.25 0.38
8ad€yg'aio 1.16.. 0.03 0.71.. -0.0t 0.55..straw 1.53.. o.o4 0.57.. 0.(x 0.,16..
Potato

tub.rs O.97 0.49 2.79.. 0.18 0.82
Su83r-bc.t

roots t.69r. _0.36 I .81.r _0.30 I.()6.tops l'55'r -0.15 0.31 -0.09 0.30
Rotatiotr

w 1.29r o.53 2.75.. 0.08 0.00
., r. Significatrt at probability level of I aDd 0 . I % rBpoctively

PK NPK

0.(x 0.o2
0.20 0.10

0.30 0.2a
0.12 0.16

0.44 0.16

0. 16 0.32
o-t2 0.23

0.46 0-22

&e.

10.150
i 0.t80

to.ln
t 0.089

t 0.439

lo-344
t0.156

Cor6cic,trt
ofvariatioD(y)

21.9
m.3

19.2
13.7

44.2

28-3
t8.5

10.379 .1

(23) from the other four. There were highly sigaificant main efects from N on oats,
barley and sugar beet, but not on potatoes, which followed the grass-clover rotation ley.
The main efecs of P were always small and never significant, whilst those of K were large
for some part of each crop and especially so for potato tubers and sugar-beet roots. The
main effect ofK was larger than that ofN on the two root crops. The NP interaction was
always small and sometimes negative, whereas the NK interaction was mostly positive
and significant for barley and for the sugar beet roots. Whilst the PK and the NPK
interastions were always positive they never reached significance, though they wer€
sometimes of the same order of magnitude as their standard error.

R€sponsca to N, P and K. Table 2 shows yields ofthe crops during the period 1975 to
1979 from soil completely unmanured since 1960, and the increases in yield given by N,

7
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TABLE 2

Responses to N, P ond K fertilisers (means for 1975-79)
Incrcas.s in the yield of dry oatter (t ha-r) from

Yields N2-Nl (in
without pr€s€Dce of D) K
fertiliser Nl N2-Nl (DN2PK- P (NIPK-
or FYM (NIPK-PK) (N2PK-NIPK) DNIPK) (NIPK-NIK) NIP)

Barlel
8ratrl
Etraw

Oats
graio
sraw

Potato
tubcrs

Sugar-beet
top6
roots

Robtion
l.y

IrDg lay

t.34 t.98
t.m 2.18

1.46 t.?0
1.70 2.11

1.6 2.14

1.67 2-06'
2-4o 3.15

2.74
3.57

1.58
2.@

0.60 1.84
0.36 l.3l

0.74
r.15

0.65
t.15

0.95

I'
0.76

0.21
l.14

0.45
0.97

l.ll
I .95

o.97

l.l7
1.06

0.92
I .38

0.45
0.95

1.29

0. 18
0.29

t -28

0.28

0.13
t.28

4.20

0.95
3.41

3.4
I .01

D=FyM was applied at 50 t ha-r for sugar bcet ard potato€s and at 25 t ha-r for lo!8 l€y

by P and by K fertilisers on plots given the other two nutrients. Yields of all the crops
were increased by the first increment offertiliser N, but less by the second, which enhanced
straw yields more than grain and the yield of sugar-beet tops more than roots. Where
FYM also was given the second increment ofN still increased yields even though yields
then were larger, and it increased yields both of the rotation ley and of the long ley
more than where fertilisers werc given alone. Presumably this enhanced response to N
in the presence of FYM was due to the large amount of additional K that the FYM
added (Table 6). By comparison fertiliser P increased yields little, though all the crop6
responded to it, the largest responses being with oats, potato€s and the rotation ley.
Shortage of K limited lelds far more than shortage of P and responses to K were as
Iarge as or larger than those to N. Potassium was particularly important for potatoes,
sugar-beet roots and the rotation ley; for potatoes the K reponse (4'20 t ha-l) was
roughly double that for N (2'14 t ha-l).

R€spons€s to famyard manure. Table 3 shows that without fertilisers, FYM greatly
increased the yield of every crop, especially in the year of application, though it very
greatly increased yields ofthe grass-clover rotation ley two years afterwards. The increases
in yietd from FYM were greatly diminished when NPK fertilisers were also given, but
doubling the amount of fertiliser N sometimes enlanc€d the benefit from the FYM. This
happened with both root crops and with the long ley and oats, and may be explained by
an interaction between the extra N given as fertiliser and the potassium supplied by thc
FYM. This implies that 251 kg KzO ha-r added in fertiliser may have been too little for
both sugar beet and potatoes, because the largest yields were obtained where FYM was
dug down in autumn and NPK fertilisers were given in spring (Appendix Table l).

Responses to Mg by potlto€s !trd suglr beeL Appendix Table 3 shows the effects of
giving Mg fertiliser to balf of each sugar-beet and potato plot. Magnesium increased
potato yields most where K, or N and K was given; doubling N diminished its effect. As
Mg had been applied after harvesting each root crop to half-plots not given Mg in spring,
each year from 1967 onwards, it is surprising that the response to Mg was so large on the

8
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TABLE 3

The meaa ircreases in yield (t hrr of dry matter) from FYM (D) tested
with atd without NPK fertilisers from 1975-79

Dircct eff€cts
Potato tubels
Sugar-beet

tops
toots

IroS ley
Residual effects

Barley
Srarn
stmw

Oats
8raitr
stmw

Residual effects
Rotation ley

plots given fertiliser. However, the potatoes also responded to Mg on the plots given
FYM, which supplied about 4O kg Mg ha-1 twic€ in 5 years (Table 6). Thus these plots
received a total of 180 kg Mg ha-l, in each 5-year cycle of the experiment. Yields of
sugar-beet roots, though not tops, were also appreciably increased by magnesium
fertiliser, with a maximum response of 2.34 t ha-r where N2PK fertilisers were given.
FYM diminished the response to magnesium by the sugar-beet roots. Table 4 shows

TABLE 4

Mean efec* of Mg fertiliser on the yields of potatoes and sugar beet 1975-79
in the prcsence and absmce of N, P and K fertilisers

Fertiliser teslrd

Without

0.31

0.04

0.10

how N, P and K fertilisers affected the mean response to magnesium on the eight plots
testing them in factorial combination (2s). For potatoes, both N and K greatly enhanced
the response to magnesium, whilst P little affected it. This relationship applied also to
sugar-beet roots, but the effect of P on Mg response was inconsistent.

Amomts of N, P, K and Mg applied lglA-79

By fertilisers The amounts of N, P, K and Mg applied each year have bcen given
previously,

9

With NPK fertiliser

(l ye3r latq)

(2 yeals later)

Without
NPK fcdili!6

(D-0)

4.52

1.47
3.94
I .96

0.87
0.84

o.76
t.19

3.90

N at sirSle ratc
(DNTPK- NrPX)

1.52

o.17
2.18
0.75

0.45
0.64

- 0.07
0.49

0.@

N at double iatq
(DN2PKN- 2PK)

I '54

0.83
2.8
0.99

0.16
o-45

0.39
1.8

-t.3t

With Without Witlout
Mcan etrects of Mg

Potatocs, total tub€rs (t ha-r) frash weight
1.06 0.64 0.73 -0.06

SuSar-boet roots (t ha-r) fr6h wcight
0.,{t 0.43 0.06 -o.32

Sugar-beet tops (t ha-) fresh weight
0.39 -0.17

with

t -43

0.82

o.25-0.02 -0.31
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By I"fl\{. Table 5 shows the percentage of dry matter and of N, P, K and Mg in each
batch of FYM (always made by cattle in yards at Roihemst€d) and Table 6 the amounts

Chemical
Dry

matter

2.-A
24.63

.50
25.88
22.O1

23.13

Annual arnowts (kg ht-L) of N, P, K atd Mg supplied by 50 t ha-t of FYM 1975-79

added by the standard 50 t ha-1 dressing. Both the dry matter and the nutrient content
varied from year to year, but on average the two dressings of FYM in 5 years supplied
amounts of P and K (116 kg P and 1020 kg K ha 1) almost equal to those added in
fertilisers over the same period. The magnesium in the FYM enhanced not only the yield,
but also the conc€ntration of Mg in the potato and sugar-beet tops (Appendix Table 5).

Amou s of N, P and K removed from ttre soil by individual cropq 1975-79. Table 7
shows the amounts of nutrient removed from the soil by crops given the other two major

TABI.E 7

The mean annual amowts of N, P and K (kg hrt) removed from the soil
by crops givm the other two elements as fertiliser 1975-79

NPK

TABLE 5

aaalyses of FYM, 1975-79

Cropping
)lar
1915
1976
1977
1978
1979

MeaD

NP
3.51 0.5303.16 0-429
3.18 0.586
2 88 0.,1872.75 0.467
3'10 0.500

TABLE 5

K
3.76
3.76
5.00
4.24
5 -14

4.38

Mg
0.310
0.3,(}
0.371
0.336
o.3u
0.335

Croppiog
year
1975
1976
1917
1978
t9't9
Meao

Mg
35
35
46
44
36

39

K
427
389
6t5
550
568

5t0

P
60
44
72
63
52

58

N
199
321
392
374
304
359

8
6

l4
t4

22

23
l5
4t
29
53

Barley
Sralll
staa\,

Oats
graitr
straw

Potato
tubers

Sugar-beet
toP6
roots

RotatioD ley
Mean
LoDg ley

20
5

22
6

51

29
24

123'
39.*

102'

8.0
t.l
8.5
2-1

8.4

6-3
6-7

ll.0
10.4
14.4

* Includes contributiotr by clovcrr* Excluding clove! ley

% ia dry matter of

10
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elements. The mean arulual amounts of N, obtained from the soil alone by four arable

crops (excluding the rotation ley) and ofP and K by all five arable crops were only 39'3,
10.4 and 28'6 kg ha-l respectively, thus explaining the large responses to N and to K
showa in Table L The ability of this soil to supply N where none was given declined
with time, the supply ofP changed little until the final 5-year cycle, whilst that of K fell
dramatically from 120 kg K ha-1 in 1960 and in 1961 to 62 kg K ha-r in 1964 and finally
to only 28 kg K ha-r lTable 8).

TABI,E t
Mean anounts of N, P od K sttpplied by the soil (kg ha-t) it each S'yeat

cycle of the experiment 19fr-79
B@-A 1965-69 1970-74

TABLE 9

The apparent (fi rccoveries ol N, P otd K from fertilisers by fite arable
crops otd a long ley, 1975-79

' Valu6 for N cxclude grass'clovc! rotation ley

The values for the individual crops (Table 7) show that the potatoes (which followed
the clover-grass ley) obtained almost twice as much N from this soil as did the two cereal

crops. However, the sugar beet (which fotlowed the barley) obtained as much N from the
soil as the potatoes, presumably because the deep tap-roots of the sugar beet were able

to take up NO3-N in the subsoil. The rotation ley apparently fi-red more than 100 kg N
ha-r, foiroughly this amount was removed in the foliage' No proper estimate can be
made of the amount of N fixed by the clover nodules that remained in the soil but the
non-significant effect of fertiliser N on potato yields suggests that an appreciable part of
the 51 kg ha-t shown in Table 7 came from the clover. Removal ofP differed little with
crop, *hilst that of K varied appreciably. Spring barley obtained less K from this soil
than winter oats, and sugar beet more than any other crop (48 kg K ha-l).

Recovery of N, P snd K from tte fertilisers. Table 9 gives the apparent recoveries by
the crops of N, P and K from fertil.isers, calculated by subtracting the amounts of each

197119
39
l0
29

43
t4
37

49
t4
53

59
t4
89

N.
P
K

T6t crop Nl N2 P

Barlev (craitr atrd straw) 60 56 l2
oats idiin aod stt"aw) a 58 7
Potatd-tuben 32 2l I
SuSar-bcct (tope atrd roots) 54 54 14
Ro--ratiotr lei 16
LoDS ley ll
Maao (arablc crops) 52 o ll

trutrient in crops grown without it, but with the other two, from amounts in crops given

all three, and then expressing this difference as a percentage of that given as feriiliser.
The recovery of N by the two leys cannot be given because the plots given P and K

but not N mntained a large proportion of clover, which fixed 80-100 kg N ha-r per
annum (Appendix Table 4). The recoveries of fertiliser N by oats and by barley were
similar and both recovered almost the same proportion of the double as of the single
&essing of N (51 afi 6l/. respectively). Sugar be€t recovered more of the applied N

11

K
22
33
il8
66o
43

46

Peaceotage lecovcry of
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than the potatoes appeared to do, but as we did not harvest the potato tops, we do not
know the total amount of N recovered by the potatoes. No more than 16l of ttle
fertiliser P was recovered by any crop, with a mean value of o y ll%. By contrast the
crops recovered fertiliser K far more completely. Sugar beet apparently recovered 66o/"
of the K applied for it, and the cloyer-grass rotation ley and the potatoes fi rrl;Ld 481
respectively. The two c€reals recovered far less, presumably because much of the K in
the leaves and stems returned to the soil before harvest. Mean recovery of K was as
large as that of N.

Recovery of N, P end K from FYM- In this experiment FYM was applied at 50 t ha-r
for potatoes and sugar beet, but aoue was given for the other three arable crops; the long
ley was given 25 t ha-l annually. The potatoes and the sugar beet recovered proportion-
ally far less of the N and K applied in the FYM (Table 10) than they did from fertilisers

TABLE 10

The apparent recove es (fi of the N, P atd K in FYM (D') by five arable
uops and a long ley, 1975-79

Aloae (D - 0)
"l r*avety oI N P K

With N2PK fertilisers
(DN2PK- N2PK)NPK

FYM newly applied for
Potato6 (tubers)
Sugar-bcet (roots atrd tops)
Irng ley

FYM applied for root crops I year ago
Bad.y (8raitr and straw)
Oats Graitr aod srraw)

FYM applied for pot toes 2 ,'ea6 ago
RotatioE lcy

t6 1423 8 61716 1724 8ll 24
I I 16

4 6 4 4 t3 104 7 t0 310 14

22 1623 2 71

(Table 9), but rather more of the P. However, even though more N was added in the
FYM than in the fertilisers, yields from FYM and NIPK fertilisers were similar (Appendix
Table l) and total uptakes, especially of K, also were similar (Appendix Table 4). Thus,
although much of 359 kg N ha-r applied in the FYM was apparently leached from the
soil during winter, the K added in the two dressings of FYM was as effective as the K in
fertiliser given annually, when judged by recovery during the 5-year arable rotation.
Applying fertilisers with the FYM diminished the efficiency of uptake by the root crops
of the N and P in the FYM, but hardly changed that of K. The oats and barley that fol-
lowed the root crops recovered little of the N added in the FYM and this amount was
not diminished by also giving N2PK fertilisers. Ilowever, the residues of the P and K
from FYM were used more efficiently by the two cereal crops given N2PK fertilisers than
by those that were not (Table l0).

Amounts of N, P aqd K ts[en up by individual crops. These are shown in Appendix
Table 4. The amounts of nitrogen removed by barley and by oats ranged from 24 to
111 kg ha-t, the largest values occurring on plots given both FYM and fertilisers, which
also gave the largest yields (Appendix Table l). Similar ranges in uptake occurred with
sugar beet and potatoes, though the amounts removed were larger, because the ranges in
yield were larger. Sugar-beet tops removed far more N than the roots and, with N2PK
fertilisers, more than potato tubers. The amounts of P removed by the crops varied by a
factor of five, with sugar beet and the long ley removing most (26.9 and 26.0 kg ha-r
t2

FYM applied
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yearl respectively). Maximum uptake€ on ttre N2PK plots corresponded to 80 I of tllle P
applied. Because shortage of soil K greatly limited felds, uptalkes of K were large only
where either fertiliser K or FYM was given, then they were larger than the corresponding
uptakes of N. Sugar-beet roots and tops together removed a maximum of 349, the long
ley more than 250 and the potato tubers morc than 210 kg K ha-t.

Amomts of N, P r l K added to and removed fmm tte soil in 5 yerE Table ll shows
the total amounls of each of the nutrients added by FYM and by fertilisers and the
amounts removed by the five arable crops in one cycle ofthe experiment (1975-79). The
nitrogen balance sheet takes no account ofthe fact that a large part ofthe total N removed
by the five arable crops was in the clover-grass rotation ley (47-127 kgha-r annually,
Appendix Table 4). As this soil provided only 39 kg N ha-1 per annum to the other four
arable crops in the rotation (Table 8) and the clover-grass ley given P and K but no N
removed 123 kg N ha-1 it appears ttrat the clover nodules fixed at least 84 kg N ha-l.
This is far less than the 1 60 kg N ha-l recorded in the previous 5-year cycle of the experi-
ment, but may simply reflect the effect of seasons less favourable for the growth and
development ofthe clover plants (the variety and cultural management were unchanged).
Thus the negative nitrogen balance shown on plots given PK fertilisers alone should be
diminished by more than 84 kg N ha-l; also our data take no account ofthe N dug down
in the clover roots and nodules. Wlerever FYM was given there were large apparent
balances of N remaining in the soil. However, the value of these N residues was small,
whether judged by crop response (Table 3) or by N uptakes (Table l0) and so either
this N was lost by leaching during winter or remained in the soil in a form unavailable to
the crops. Balances of P and K are less difrcult to interpret. Those of P were always
positive where 27 kgP ha-t was given annually even for crops given N2PK fertilisers,
though this amoutrt of P was far less than usually would be given. By contrast, the
amount of K that we applied each year (208'5 kg K ha-t:l042kg ha-r in 5 yean) was
far more than would usually be recommended. Crops given the N2PK feniliser dressing
removed a total of734 kg K ha-r in 5 yesrs, of which 145 kg ha-1 was provided by the
soil, leaving the balance (589 kg ha-r) presumably to be provided by fertiliser. This
represents an apparent recovery of 56 % of the fertiliser given, almost identical with that
obtained in the previous 5 years of the experiment (57 %,), bfi laryet lhan that shown in
Table 9 for crops given NIPK fenilisers. The data in Table ll show that K uptakes by
the larger crops, grown where both FYM and NPK fertilisers were given, were roughly
301 larger than with NPK alone. However, because the FYM was so rich in K (Table 6)
it was then evidently no longer necessary to apply so much fertiliser K. The use of FYM
should therefore have allowed considerable economy in the use of fertiliser K, had the
experimental design allowed us to do so, and farmers with access to FYM should consider
K balanccs in their farming systems carefully, to determine whether they can make
savings.

Mg in potrto leaves rnd tubeN s l in sugar-beet tops Appendix Table 5 shows that
I Mg in potato leaves was diminished by K, either in fertiliser or in FYM, and was
increased only a little by applying Mg fertiliser to the seedbed. Table 12 shows how the N,
P and K fertilisers changed I Mg in the potato leaves and tubers. Evidently the concen-
tration in the leaves was a far better guide to Mg availability in the soil than I Mg in the
tubers, which was diminished by giving K fertiliser, but not cbanged at all by giving Mg
fertiliser.

The concentration of Mg in sugar-beet tops was decrased by the K in fertilisers and
in FYM just as it was in potato leaves (Appendix Table 5), but giving Mg fertiliser did
not always increase f Mg in the tops, in particular where FYM was given. Table ll
l4
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TAET.E 12

Mea percentages of Mg in Potaro leaves itt July, in the mature Potalo tub€ts
ad h ,notfie sugar-beet toPs, together with mean uptakes, 1975-79

N
,----.-------::t

P K

Without With

without Mr 0.35 0'34
With Ms O',10 0 i()

Without Mg 0'07
Wiih Mg 0 07

Without Ma 2'O 2'7
with M8 2.2 3'0

Without Ms O'2, O'37
With Ms O'29 0 'O

without Mg 4.7 l2.o
Wilh Mc 4'9 l2'5

Without With
% Mg i! potato lcav6

0.36
0.41

Without

0.50
o.57

with

0.m
o.23

0.34
0.39

0.32
035

% Mg iD potato tub.rs
0.07 0.07 0.o/ 0'06 0'08
0.(B o.fl 0.08 0'06 0'c

Mg (kg ha-1) itr potato tubcr3
2-6

2-4 2.9
% Mg io sugrr-beet top3

0.34
0.35

0.42 0-24
0.45 0-25

10.0 6-6
10.6 6.8

1.1
l.l

!.7
4.1

Mg (kg ha-!) io sugar-bect top3

8.5 8.2
8.8 8.5

shows that the increases in Mg concentration from giving N and the decreases from
giving K were far larger than the increases from Mg fertiliser. However, because Mg
fertiliser increased yields, it also increased Mg uptakes.

Practical imPlications

Ihe value of FYM on a sandy mil. The fact, previously noted, that the combination of
FYM and NPK fertilisers produced the largest yield of all six crops was substantiated in
the final lyear cycle of the experiment (Table l3). Thus, for sugar beet and potatoes,

TABLE 13

Mem yielils (t ha-t) ol crops grown v)ithout and with FYM, 1975'79

I,o0g
lqYrl

D

r,57 5.53
5'88 7.63
8'02 9.01

SPdng
Potato Winbr oats Suear beet barley Clover-8rass
tubcrs(r) graio(2) roots(rl grail(a by'3)_

FYN{(D) _ D _ D - D - D - D
Fertilise.s- -None 6'6 25'2 1'72 2'61 lO'4 25'4 l'58 2'O 2'74 6'64

NlpK 25.0 34.3 3.71 3.62 25 9 35'3 4'14 4'67 7'52 8'12
Nipr x.l 37.9 4.47 4 93 3o 6 4l'0 5'01 5'2o 7'73 9'M
(l)=fttsh weight; (2):rreiSht at l5% moisture cotrt@t; (3)=drv wcight

the increase in yield from the double dose of N (N2PK) was as large or larger where FYM
was applied, than where it was not. The combined efect of the two sources of nutrients
was to increase yields of potato tubers and sugar-beet roots by a third, as compared with
yields from N2PK fertilisers alone. The residues from the FYM dressings given for
potatoes and sugar beet also enhanced the yields of thc folloytng crops, presumably

Lecause they improved not only the nutrient content of the soil, but also its structure and
permeability (Wi iams, 1973). After 20 years, soil on plots given FYM twicc in each
-S-year 

cycle of the experiment was darker in colour, less dense and more friable, than
soit on plos given NPK fertilisers alone. It is difrcult to avoid the conclusion that on
poorly s-tructured soils like this one, organic manures are of real value, even where, as

15
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here, short duration clover-grass leys are grown, partly with the intention of maintaidng
soil structure and organic matter content.

Ihe efrects of NPK fertilisers elone and rith I"fM thmugh timc Twenty years i, not
long in the history of a soil. However, the relationship between the smaltii yields with
NPK fertilisers alone and the larger yields with NpK and FyM shown in the first cycle
of the experiment 09fu4) was maintained tbroughout its life (Iable l4). The benefit
given by FYM itr terms ofdry matter was greater in the second cropping cycle than in
the first, but subsequently remained unchanged, both in absolute and in ielitive terms.
The perc€ntage gain in dry matter leld from FYM on plots also given NpK fertilisers
was remarkably consistent (Table 14), with little change, either srith time or with single

TABLE 14

Meat atmual production of dry mauet (t ha-L) from five arable crops, in each 5-yar
cycle of the experiment, where NPKlertilisers were given alone atd where FyM also was

given, together wirh the % increases in yiekl given by the FyM

Without FYM
NIPK 8.22N2PK 9.07

Years 19@-64 1965-49 l91O-74 191179 Meao

1.71 8-37
9.05 9-70

9.O2
10.74

9.75
ll '41

9.27
10 53

8.16
10.61

10.35
t2.49

8.79
10.08

1o.37
ll.89

With FYM
NIPK
N2PK

% increase in yield from FYM q,ith:
NIPK 13 t8 l8 17 16N2PK t6 l8 l8 l9 18

and double amounts offertiliser N (NIPK r. N2PK). FYM consistently increased mean
annual dry matter production by 181, over and above that obtained with NlpK or
N2PK fertilisers alone. Since the additional response to N2 was far smaller than the
response to Nl where fertilisers alone were given, we cannot assume that the nitrogen
fertiliser dressings that we chose to giye were too small. Table I shows that the response to
N2 was larger where FYM was given than where it was not on four of the six crops,
suggesting that some nutrient other than N was limiting yield, possibly K. However, we
applied far more K for our crops than currently is recommended and our balance sheets
showed that we always applied more K than the crops removed. We also applied mag-
nesium basally twice in 5 years. This suggess tbat the FYM either enlanced the availa-
bility of nutrients already in this soil and of those in fertilisers (we measured increased
uptakes ofP where FYM was given, Tables 9 and l0) or so improved the soil structuro
that it allowed roots to make better use of available moisture. C€rtainly growth was
much superior where both FYM and fertilisers were given, than where either was given
alone. Clearly, an eflect as large as this is important for evidently yields on soils like this,
which initially contained only 0.681C, will be linited unless organic manures are used.
This experiment cannot fully explain the benefits that the FYM gave, but a larger and
more comprehensive experiment on the same soil (Mattingly, 1974) has demonstrated
that organic amendments haye a large beneficial effect, for a range of arable crops, that
cannot be explained by their crop nutrient contents alone.

Long-term nukient balance sbects. Because both yield and nutrient content were
measured each year for 20 years we have been able to construct a nutrient balance sheet
averaged over the four complete 5-year cycles of the experiment (Appendix Table 6).
This shows with considerable accuracy not only the amounts of N, P and K that the
adequately manured crops removed and hence by inference required, but also the
amounts ofN, P and K that the crops were able to obtain from the soil alone. Thus the
l6
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mea.n annual contributions (kg ha-9 were 80 of N from soil and the activity of clover
nodules together and l3'6 ofP and 51.6 of K from soil alone. These values are larger than
those obtained in the final 5-year cycle of the experiment (Table 8) and that for N is
misleading, because it includes the contribution made by the clover-gmss ley. However,
the values given for P and K are probably the best estimates that we can make of soil
supply in the absence of fertiliser residues.

Summary

The experiment was begun in 1960 on the sandy-silty loam of Stackyard Field at woburn
to test N, P, K and Mg fertilisers alone and with FYM on flve arable crops grown in
rotation and on a long ley and soft fruit. This paper gives results from the fourth and
final 5-year cycle (1975-79) and summarises some yield and crop uptake data over the
whole 20 years.

In this final cycle N continued greatly to increase yields of all crops except the clover-
grass ley. P increased yields more than previously, but only litde compared with K,
which greatly enhanced yields of all 6 crops, but especially sugar beet, potztoes and the
clover-grass ley, for all of which the effect of K was greater than that of N.

FYM was tested alone and with N1PK and N2PK fertilisers for potatoes, sugar beet
and the long ley; the other crops valued its residues. Yields of all crops were largest
where both FYM and NPK fertilisers were given and the effect ofFYM was not dimin-
ished by doubling fertiliser N. Over the 20 years FYM increased mean yields by 161
with NIPK and by 18 % with N2PK fertilisers.

Nutrient balance sheets for 1975-79 and for all 20 years showed that during each
5 years fertiliser K (1042 kg ha-1) and the K applied in the FYM (1020 kg) were almost
the same, as were amounts of P (137 v. 116 kg P ha-1 respectiyely). The total amounts of
nutrients removed (in kg ha-l) by the five crops from 1975-79, ranged from l7l to 698 of
N, 29 to 105 of P and 131 to 1101 of K, the largest uptakes being by the largest crops.

The experiment also measured the mean annual amounts of N, P and K supplied by
the soil alone. These were (in kg ha-l) 39 of N, 10'4 ofP and 29 of K in the final 5 years
and 48 of N, 13 6 of P and 52 of K over 20 years.
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S!rypt Monitoring for Migrant Imect Pests in Greet Britain and Westeru Emope
III. The Seasonal DisEibution of Pest Aphids and the Annual Aphid Aerofauna

over Great Bdtdn 1975-{0

L. R. TAYLO& I. P. WOIWOD, G. M. TATCHELL, MAUREEN J. DUPUCIJ
and JOAN MCKLEN

Abshrct

To facilitate the recognition of alate aphid p€st species and potential virus
veclors io random samples of airbome migrants, the total aerial samples for
all sp€cies between 1975 aod 1980 are tabulated at 18 continuously operated
sampling stations. Annual means for the geographicat distributions of up to
thl€€ s€asoDal cycles of migration of 27 species of alate aphids, including
agdcultural and forEst pests, ar€ mapd to veri$ annual life cycl€s and
provide a basis for forecasting dishibutiotr.

InEoduction

Since 1964, flying aphids have been monitored systematically at an increasing number of
sites throughout Great Britain as part ofan investigation into aerial populations ofinsects
with special reference to agricultural and other pest species. An ultimate objective is to
develop a forecasting system and a preliminary requisite is to establish the general level
of the aerofauna in order to detect changes in populations prior to epidemics.

The sampling network has subsequently extended into Holland, Denmark, Northern
Ireland, France and Belgium. This has made possible the comparison of the pest
species anri the totzl species present in the aphid aerofauna separated by ecological
barriers of differing extent, such as the mountains of Wales and Scotland, the Northern
Channel of the Irish Sea, the English Channel and especially the North Sea.

All the aphid species found in aerial samples from the 3l trap sites that have operated
in Great Britain over a period of 16 years have been identified, the records collatid, and
the list of 317 species published in Part I of this paper (Taylor, French, Woiwod, Dupuch
& Nicklen, l98l). For comparison, the species sampled near Copenhagen, in Denmark,
between l97l and 1976 have also been compiled and published in Part II of this paper
(Heie, Philipsen & Taylor, l98l).

Not all pest aphids are well known and under constant observation. For example,
increased damage to cereals over the last few decades has directed attention to some
grass aphids previously ignored. It is not yet clear how much damage is done directly or
by virus disease, nor which aphids are responsible in diferent regions and countries.
Some potential vector species are rarely found on crops because they do not remain there
long enough to build up populations and the chance offinding a visiting migant during
the brief moments of routine crop inspection is remote (Taylor, 1974). Neverthelesi
such aphids may feed long enough to transmit virus. OoIy by sampling and identifying
all aphids in flight between crops can potential vectors be recognised because speciei
trot commonly associated with the crop concerned, or even with agricultural crops in
general, may be unsuspected vectors.

Furthermore, a knowledge of the population dynamics of each pest is necessary to
assess the risk of crop damage by infesting populations before they are controlled natur-
ally by physical and biological means. Population dynamics theory is also needed to
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estimate the likely effects of treatment at a given plac€ and time, and to ass€ss ils economic
and environmental costs, such as the potential for developing insecticide resistatrce.
Traditional approaches to population dynamics that focus on the stabilising properties
balancing births and deaths in isolated elements of populatioas are not applicable to
aphids, except possibly to a few monophagous tree-feeding species with atypical life
cycles. For most aphid species, and for all those pests of annual crops, there are no
persistent populations to stabilise, and hence no continuity that would make key factor
or life-table analysis relevant (Gilbert, 1982). Populations of most pest aphid species
become extinct on a given host two or three times each year, when they die or migrate
to another host plant, often of different family, form and distribution. There, the aphid
morphs, and their behaviour and dynamics, also differ. In addition, the rapid clonal
multiplication of aphids leads to the successive domination of differing eco-types within
the species, especially in pest species which respond to the sele.ction pressure of changing
cultivars and cropping rotations, by changes in host preference, reproductive rates and
migration times (Daniels, l98l).

The geographical pattern of productivity of migrants arises from the success of the
preceding cycle of apterous population growth. These distinct distributions which differ
numerically, geographically and morphologically, must be known in order to predict
the next population cycle.

Whatever sampling method is employed, pest-assessment requires a continuous and
automatically updated concept of synoptic distribution, modified by changes in host-
plant distribution throughout the seasonal cycle, by climate and biological controlling
agents. This cannot be done on a local scale because aphids frequently infest crops
hundreds of kilometres from their overwintering sites, and many of their parasitic
organisms and predators are equally mobile. The system needs to be able to detect
deficiencies in prognosis and to suggest solutions when mistakes are discovered. The
historical component of changes, and the many ecological factors involved, usually
require decades of continuous recording before such defects are discovered.

With such a synoptic view ofpopulations, local deviations and field-scale factors begin
to b€ measurable. Changes in the rate ofpopulation growth in different parts of the geo-
graphical range of each species, and on diflerent crop hosts, can be more easily detected
and analysed by comparison with changes in other areas.

Virus infection is difficult to forecast from crop samples because the range of vector
aphids may be wide and unknown. Aerial samples detect the range of species necessary
to recognise which vectors were responsible for infection after it has been observed.
Forecasting may then depend on adequate subsampling for vector individuals (Plumb,
l98l) of a wide range of species even for one virus (van Harten, 1981). Aerial sampling
yields comparable population estimates for diflerent places, crops and pest species.
Results show the great variability in times and distribution of migration between different
years and different places. They also show how the pattern of migration progresses over
large areas, where major conentrations occur, and where the current risk is greatest
(Bardner, French and Dupuch, 1981).

The numbers and distribution of aphids

This paper presents a list of all species that occurred in any of 18 major sample sites in
Great Britain, Nos.916,90'7,912,923,906,905,922,919,911,9U,917,9O1,924,914,
908, 903, 913, 910 (sites are listed and mapped in Fig. 1,* that operated between 1975 and
1980- Those 72 species that occurred five or less times are listed (Table I, see pp. 3G38)

' Figs. l-16 are in Pt I tTaylot et al., Rolhamsled Exp. menral Slation. Repart for 1980,Pai 2,41-lM).
FiEs. 17.35 are iD Pr ltl (this DaDer), og. lo2-121.

24

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-1-21 pp 26

SYNOPflC MONITORING FOR MIGRANT INSECT PESTS. III

with the site, year and sample number. Those 186 species that ocaurred more frequently
are fully tabulated (Table 2, see pp. 39-l0l) to show their changing migrantpopulationwith
time and regional distribution. Some species are explosive in their annual productivity.
Aploneura lentisci (530), for example, occurred in modest numbers, mainly in the south,
in 1975. Samples increased to thousands in 1976 and the population expanded to cover
the island of Great Britain. In 1977 the species had almost disappeared, diminishing
further during 1978 and 1979, a,ld disappearing altogether in 1980. In contrast
Schizolachnus pineri (4) occurred in small numbers almost everywhere in 1975 and 1976,

disappeared in 1977, reappeared in the midlands in 1978 and 1979 and reached its maxi-
mum numbers in 1980. The pest species are discussed in more detail below.

The Gyear mean geographical distributions (197f80) for each of the migatory
cycles of 27 species of special concern are mapped in Figs. 17-35 based on 18 sample
sites. The number of maps pres€nted for each species is based on the known life-history,
the size ofthe samples and the seasonal cycle of migration in Figs. 3_9.

The basic life-histories and interpretation of the species are listed below in the same
sequence as the maps. This sequence is determined partly by convenience in figure
arrangement and partly to illustrate relevant features of distribution pattern.

The number of maps for a given species is based on what was already known about
its ecology, or what has been found from the aerial samples. In the classical cycle of
arable crop pests in temperate maritime climates, there are three seasonal cycles of
migration; spring emigration of migrants from the overwintering woody hosts, if the
species is holocyclic, to the developing crop; sumner migratioo of alienicolae from the
ripening crop to other herbaceous secondary hosts i autumn retum migration of sexuparae
from the secondary hosts to the primary overwintering hosts. This pattern is typified by
Aphis fabae and is clearly recognisable in many species by the phenology of migration
which shows three cycles, and in the maps which reflect the diferent distribution of the
three hosts. This pattem is also recognisable in anholocyclic populations when the crop
host generates a disproportionately large and geographically conc€ntrated summer
emigration. The autumn return migration is often diffuse, reflecting the widely distributed
and wide host-species range of polyphagous alienicolae. The spring migration then shows
how the species distribution has become conc€ntrated by the restricted primary host
range of holocyclic species and the succ€ss in overwintering survival of anholocyclic
species.

When the holocyclic species remain longer, into the late spring, on the primary host
and develop larger populations, the secondary host population may also grow slowly
and the summer migration may then be late enough to form the sexuparous retum
migration. When, as it Phorodon humuli, t}lre secondary host range is also botanically
and geographically restricted, the resulting two migrations are clearly recognisable.

Monophagous tree aphids, like Elatobium abietinum, may have only one clear-cut
migratory cycle.

All three classes of migration include slrcies with less precise migratory mechanisms
so that there are species with indeterminate systems not yet understood. This is evident
from the maps, taken in conjunction with the phenologies shown in Figs. 3_9. In inter-
preting these figures, it is relevant that there are no samples from the north-west of
Scotland, so the maps there are distorted. Also, the maps are based on sample means
over several years, so that annual variation in timing or population distribution tends to
smooth the pattern. Individual years often show greater differences between s€asonal
migation distributions than appears from these means.

132, Aphis fabac Scopofi, 1763 (Btrck Bean Aphid) (Figs. 8a and l7) is holocyclic in
Britain, overwintering in the egg stage mainly on spindle, Euonymus etropaeus, in lhe
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southem half of Britain; small numbers occur on the guelder rose, yiburnum opulus tnd,
possibly Philadelphas. Eggs hatch between late Februiry and early April and alatae are
produced 

in. ryIay; these migrate in late May and early June to fieli beans and sugar
beet, on which large colonies may develop causing direct feeding damage, and ahJto
wild plants such as dock, poppies, goosefoot and fat-hen. Alatae are pro-duced on these
secondary hosts in response to crowding which reinfest the same crop or migrate to other
crops and wild plants. This summer migration is particularly noticeable ii East Anglia
and represenls the migration from field beans and sugar beet. It t}Le auttmn A. fdae
mierates back to E europaeus where eggs are laid.

A reliable forecast ofthe likelihood of infestations ofl. fabae cansing damage to field
beans- is based on large-scale sampling of winter host plants. Suction-irap sairptes can
also forecast infestation of bean crops (Way, Cammeil, Taylor & Woiwod, Dgl). It
sho,ld be possible to expand this forecast to indicate the initial infestation of sugar 6eet
and forecast direct damage. A. fabae is also an important pest of sugar beet be-cause it
spreads beet yellows virus and beet mosaic virus aiter its introduction to the crop. It is
a kDown vector of more than 30 viruses,

\!9 ephis spp. are difficult to separate quickly, especially the males, and. fabae grp.
(l3r) includes several other possible species that are known to be so rare as noi serioisiy
to aflect the samples. The taxonomy of this group of species is still uncertain

The three classical migration cycles show clearly inihe maps. The summer migration,
mainly from agricultural crops is dominant in Easi Anglia and eastern Scotland. The sub-
sequent autumn migation from \vild herbaceous annuals is more diffuse, whilst the follow-
ing spring migration, mainly from Euonymus, is concentrated near to the southern chalk
downs.

*9, Acyrthoiphon piszn (Harris, 1776) (Pet Aphid) (Figs. 7c and 18) is holocyclic or
anholocyclic in Britain and is autoecious on legumes, over*intering as in egg low on the
haulm of sainfoin, trefoil and luceme or, in mild winters, activi stages may survive.
Eggs hatch in February and March, and alatae, produced in May, migraie to the growing
points of peas, ol which this aphid is a pest, and other legumei. Nuhbe.s reach-a peaf
on peas in late June and early July shortly before peak numbers are found in the trap
samples. in the pea gowing areas of the south-east and East Anglia. The trap samples
alsoindicate a small autumn mi$ation, probably ofsexuparae; sexuales have Uien founa
on Ononis, Ittthyrus, Trifolium zrLd Medicago. A. pisum ii a vector of more than 30 plant
viruses, both 

-persistent 
and non-persistent, including pea enation mosaic, pea leai roll

and bean leaf roll.
Waether. or lot damaging infestati ons of A. pisurn occur on peas is partly dependent

on the initial infestation of the crop. This is likely to be associated with the numbers
migrating in the spring and early summer, whereas the species' success on peas can be
measured by the numbers migrating from the crop in the summer. There iJno known
economic threshold for ,4. prislaz on peas.

There are many different recognised races or biotypes, some diferentiated by colour,
and known to have diferent host preferenc€s, reproductive rates and behaviour.
. Although.pea _aphid has no systematic host-alternating migrations, the maps clearly

show_ overwintering survival confned to the south and Eist Anglia; dominani summei
populations in arable areas and totally diffuse, fairly small, iutumn migration, not
unlike bean aphid.

3X2,.Mtzus (5, Nectotosiplon) persicae (SId,frr,1776) @eoch/?otato Aphirt) (Figs. 7a and
19) is the.most important pest and vector aphid in Britain due to its wide ho;t iange and
is proficiency in traosmitting more than 120 plant viruses. It is r,,holocyclic on-many
26
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herbaccous plants and brassicas, but is also holocyclic on peach, Pnmus persica, hene
confned to small numbers in gardens in southern Britain. The survival of the anholo-
cyclic population during the winter is particularly important in determining the timing
and level of infestation of crops in the spring, and the subsequent spread of virus diseases.

Alatae develop in spring and migrate to potatoes and sugar beet, as well as to other
herbaccous plants. M. persicae does not usually form dense colonies, but tends to migrate
by walking to infest other parts of the same and neighbouring plants. The anholocyclic
life-cycle and the tendency to move between plants contribute geatly to the importance
of this species as a vector of potato leaf-roll virus and potato virus Y, on seed potato
crops, of beet yellows virus and beet mild yellowing virus on sugar beet, and a number
of viruses on other crops. Numbers may sometimes increase rapidly to reach tens of
thousands per plant on potato. Alatae develop during the second half of July and miSrate
to other crops or to wild herbaceous plants. This migration predominates in the eastern
arable areas where there is the largest acreage of sugar beet and potatoes. There is a
further redistributi on of M. persicae in the autumn between herbaceous plants and bras-
sicas, and it is on these plants that the aphids overwinter.

The spring weather at Rothamsted Experimental Station can be used to predict accur-
ately the incidence of virus yellows in sugar beet throughout the country during the
coming summer (Watson, Heathcote, Lauckner & Sowray, I 97r. Analysis of the change
in the distributions of the autumn and spring migrations suggest that M. persicae oter-
winters most successfully in the south-east and the London basin and this may explain
these Watson-Hurst virus-incidence equations (Taylor, 1977a).

Few M. persicae rre found iu tle trap samples, but those that fly early in the year give
an indication of potential virus infection of crops and should thertfore be included in
any virus index on potatoes (van Harten, 1981) or sugar beet. This aphid damages peach
directly in the Mediterranean region and can also kill potatoes when uncontrolled or
insecticide-resistant.

The timing of seasonal migration cycles of peach/potato aphid difler in the north and
south, but the maps reflect a similar general pattern to bean aphid. Major summer
emigrations are from arable crop areas. The autumn migration tends to be rather more
westerly, but by the spring, the overwintering population has been greatly reduced in the
north and r est, with maximum survival in the south-east.

3$, Eypuomyzts lactucae (L;lmaerc' 1758) (CEreut/Sowthis*te Aphiil) (Figs. 6c and 20)
is heteroecious and holocyclic, spending the winter as an egg on black currants and
occasionally on red currants. Eggs hatch in March and early April and the subsequent
generations may cause damage to currants. Including necrotic yellows on lettuce, ttris
aphid is a known vector of about ten viruses. Few alatae develop in the second geoeration,
but more in the third generation and these migrate in late May and June to sowthistle.
The suction-trap samples suggest there may be further migration between secondary hosta
from late June to the end of August. In autumtr the return migration to .RIDeJ reaches
peak numbers in early October. The numbers migrating in the autumn may indicate
likely damage to currants the following spring.

The migiatory cycles in spring are not very clearly separated, but overwintering is
mainly in southern Britain. The summer migration reflects the distribution of Sonchus
and the autumn migration is slightty higher in the southern half of Great Britain. There
is an appreciable increase in population in the south by the next spring.

4fr, (Macrosiplum) S, Sitobion ateaac (Febricius, 1770 (Gnin Aphi0 (Fies. 8c and 21)
is autoecious and can be a serious pest on cereals, particularly on wheat. This species is
usually anholocyclic in Britain, but a small proportion of the population overwinters

n
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holocyclically as eggs on Gramineae. Eggs hatch and alatae fly in May and June to
reinfest the same crop or migrate to other Gramineae. Alatae produced throughout the
summer, in response to increasing density and declining food quality, may reinfest crops
or migrate to other Gramineae. The later migrants infest grasses, and it is from these thit
the small autumn migration arises which infests early-sown winter cereals as well as
grasses. Those that infest crreals can introduce barley yellow dwarf virus, but also
establish oyerwintering populations which can develop rapidly in the spring ifconditions
are favourable.

The suction-trap samples in the autumn and spring indicate the nurnbers of S. ayenae
infesting crops, but as damage o@urs some time after this initial infestation, when
aphids are emigrating from crops, the samples are not ideal for monitoring the develop-
ment on crops. However, development models are being devised to predict the maximum
population on wheat, which use the number of aphids in the trap samples as a starting
point (Carter & Dewar, l98l). The monitoring of the autumn migation to cereals ii
becoming increasingly important as the trend towards planting winter cereals earlier
results in a larger proportion of the acreage becoming infested in the autumn.

The spring mi$ation is much greater in southern England, diminishing northwards.
The vast summer migmtion has a concetrtration in Norfolk, but is widespread at very
high densities throughout the lowlands; even the highlands of the iouth-western
peninsula, Wales, northern England and Scotland have very great aerial populations. The
autumn migration is modest and diffuse so that the population increases considerably
in the south during winter.

ll4, Rhopalosipham padr (Linnaeus, 1758) (Bird-cherry Aphid) (Figs. 9d and 22) is mainly
holocyclic in northern Britain, but in the south it is also anholocyclic. Eggs laid on prunis
padus from September to November hatch the following April. Alatae begin to migrate
in early May to Gramineae, including rvheat, barley and oats, where large colonies may
occasionally develop, and some other monocotyledons. Alatae also migrate from anholo-
cyclic populations at this time. The summer migration is mainly from cereals to grasses,
particularly in eastern Britain, but also between grasses in western Britain. The timing
of the autumn migration to P. padus for the holocyclic population, and to early-sown
cereals and grasses for the anholocyclic population, is dependent on day length. Those
aphids that migrate to the ever-increasing acreage of early sown winter cereals, are often
the primary source of infection for barley yellow dwarf virus. The survival of the an-holo-
cyclic population on cereals during the winter greatly afects the subsequent spread of
BYDV.

Suction-trap samples in the autumn, combined with a measure of the proportion of
aphids transmitting virus, are used to give an indication of the potential risk of ByDV
infection in early-sown crops in different areas of Britain (plumb, l98l). This aphid is a
vector for at least seven viruses, Its aerial populations far exceed those of any other
aphid species in Britain and, in common with only Rhopalosiphum insertum arLd, lhe
Pemphigus spp., its cycles of migration increase progressively through the year. The
losses over winter are very great and survival is maximal in the extreme east and west,
unlike most aphids.

3Xi, Metopolophium d hodam (Wotter, 1848) @ose/Grain Aphid) (Figs. 8b and 23) is
heteroecious and holocyclic although it may overwinter anholocyclically. Eggs laid on
wild and cultivated roses in October and Novemb€r hatch in the spring. Alatae migrate
to grasses, especially Bronrrs spp., and cereals, particularly wheat, where the population
cal build up to epidemic proportions (Dewar, Woiwod & Choppin de Janvry, f98O).
Alatae are produced on cereals in response to increasing population density and reinfeit
28
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the crops or rnigrate to other grasses. M. dirhodwnis a poor vector ofbarley yellow dwarf
virus, although it can spread the virus within fields, and of radish yellows.

The suction traps monitor ttre small migration from roses to cereals and so give an
indication of the initial infestation. However, subsequent population development is
dependent on a number of factors. The suction traps monitor the emigration from cereals
and grasses ofalatae produced in response to increasing density and declining food quality.

In common with many crop aphids, the summer migration is much the largest but it is
atypical in its distribufion, maximal in the north-west and south-east, reflecting its
grass hosts as well as cereals. The autumn migration is also unusual being geater in the
north. By spring the distribution has reversed, overwintering evidently being more
succrssful in the south.

lll, Rhopalosiphm insertrm (Walker, 1849) (Apple/Gress Aphirt) (Figs. 9c and 24) is
heteroecious and holocyclic overwintering as an egg mainly on apple, but also on pears,
rowan, rnedlar and hawthorn. Eggs hatch in April and the developing population on
apple may cause some damage in exceptional years. Alatae migrate to grasses during May
and June where they colonise the roots. There is a large summer migration during which
other grasses are colonised. In the autumn there is a large migration back to apple.
This species transmits barley yellow dwarf virus and may be responsible for some of the
initial infection of early-sown cereal crops in the autumn. Autumn suction-trap samples
have b€en related to the number of oviparae on apple in the autumn and so to damage the
following spring (Iaylor, l97Tb; Light, 1980). These autumn samples can now be used to
warn of potential damage to apples in the following spring.

The three well-marked seasonal migrations increase progressively in size and their
distributions show no regional characteristics, except that the spring migration tends to
diminish slightly towards the east and west coasts. Unusually there is hardly any latitudinal
segregation, overwintering losses being generally distributed throughout the island.

410, Macroipham euphorbioe (Ilomes C. A., 1878) (Potrto Aphid) (Figs. 7d and 25) is
polyphagous and anholocyclic in Britain and only on rare occasions do sexual forms lay
eggs on Rosaceae. Apterae overwinter on many qrcies of weeds. Alatae migate in
May and June to new hosts, including potatoes on which they are a pest. If infestations
are heavy there may be a second dispersal migration in July. Infestations are usually
widespread on potatoes, but orly occasionally reach large numbers when it causes 'false
top roll'. There is a small migation of M. euphorbiae in the autumn. The timing and
size of infestation on potatoes in the spring and early summer is dependent on the over-
wintering survival ofthe anholocyclic population which would appear to be least success-
ful in Scotland and northem England. M. euphorbiae is a poor vector of potato virus Y,
but may be common enough to be included in a virus index for the probable infection
of potato se€d crops. It is a vector of more than 50 viruses, both p€rsistent and non-
persistent, including pea mosaic, onion yellow dwarf, beet mosaic and dock viruses- It
is more highly polyphagous than most aphids, on monocotyledons as well as dicotyle-
dons; it is of American origin, introduc€d to Europe about 1917.

The summer migration is the largest; both it and the smaller autumn migration are
widespread over Great Britain. Only the spring migration is concentrated in the south
where overwintering is apparently most successful.

A\ (Macrosiphn) S. Siabioa fragariae (Walker, 18,18) (BlackbeEy/Grsb Aphid) (Figs.
7b all.d 26) is heteroecious and holocyclic, overwintering as an egg on blackberry. Eggs
hatch in spring and alatae migrate to grasses in late spring and early summer. S.fragariae
may be found on the ears of wheat, but is much less common than S. averae. Alatae
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which are produced during the summer presumably migrate to other species of Gramineae.
The spring migration is mainly in the south-west and quite prominent. The summer

migration is maximal in the midlands of England. The autumn return migration to
blackberry is late and mainly in the south and west, but not so concentrated as in spring.

355, Nasonoyia ribinigi (Moslen O., 1841) (CurrrntAittuce Aphid) (Figs. 6a and 27)
may be a pest on both its primary and secondary host. In northern Britain it is normally
holocyclic, overwintering as an egg on any part of gooseberries and currants, including
the fallen leaves, but in the south this species can be anholocyclic on Compositae especi-
ally lettuce, on which it is the most important aphid pest, chicory, hawkweed and speed-
well. Eggs hatch on the primary host in March and alatae that develop migrate, from
mid-May to June, to lettuce where large colonies stunt $o*th and prevent hearting.
Although the numbers in the trap samples are generally small, there is a suggestion of
further redistribution of alatae during the summer, presumably between secondary hosts.
There is a third migration in the autumtr to the overwintering hosts which can be either
gooseberries and currants or lettuc€. As numbers in the trap samples are usually small, it
may only be possible to give an indication of seasons in which either exceptionally large,
or small, numbers are expected.

The three discernible migrations in this species are all diffuse and spread widely over
Great Britain.

243, Brachtcaadys letriciryri (Krltenbach, 1843) (Leef<urling PIum Aphid) (Figs. 5a and
28) is holocyclic. The primary hosts are various Prazas species, particularly plums
and damson on which it can be a serious pest. Eggs hatch in February and March and
alatae are produced in the latter half of May which migrate to a number of secondary
hosts including clover, asters and chqnanthemums. The migration from Pnarzs is usually
complete by early July. The return migation to P/uar begins in the latter half of August
and continues until the end of October. It is the progeny of those aphids that successfully
find Prrn as in the autumn that develop into damaging infestations the following spring.
It may therefore be possiblo to give an indication of the potential levels of infestation in
the spring from the numbers of aphids migrating the previous autumn.

B. helichrysi is a vector of a number of virus diseases itrcluding plum pox and potato
virus Y. A.lthough a poor vector of PVY, B. helichrysi a*vs in sufficiently large numbers
to cause large infections ofpotato seed crops (Govier, pers. comn.) and has been included
in an index assessing the potential risk to seed crops (van Harten, l98l).

Separate maps have been made for weeks l-26 and 27-33, and these maps show a
rrarked shift in distribution from south- and west-midland to east-midland England.
They are not clearly segegated in time and the aphids ecology suggests they are both
part of the primary migration. The smaller return migration is uniformly distributed over
Great Britain, with no population growth in the north before spring because of the south-
erly distribution of the primary hosts.

292, Cavorielh aegopodii (Scopoli, 1763) (Willow/Carrot Aphid) (Figs. 4a and 29) is
heteroecious betrveen willow species and various umbelliferous plants. Eggs laid on the
young shoots of willow in the autumn hatch between February and early April. Alatae,
developed in May, migrate over a 5- or Gweek period to umbellifers including carrots,
parsnips, celery and parsley on which the aphid is a pest. In late seasons the migration
from the primary host may be delayed by 2 or 3 weeks. As populations develop on carrot
crops, the alatae produced migrate to hedgerow umbellifers. By the end of July few aphids
can be found on carots. Itr the autumn, sexuparae migrate back to willow where eggs
are laid. An an.holocyclic population also remains on overwint€ring umb€llifers such as
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late lifted €rrots and carrot seed crops. Spring alatae from anholocyclic populations
migrate to umbelliferous crops earlier than those from willow. However, the proportions
of the population overwintering holocyclically and anholocyclically are not known.
C. aegopotlii is a vector of persistent carrot motley dwarf virus and s€mi-persistent
parsnip yellow fleck, and a number of non-persistent viruses.

The numbers migrating in the autumn may be reflected in the numbers migrating from
willow the following spring. However, the spring migration from the umbellifers will
depend on overwintering success. It is therefore important to know the proportions of the
population that overwinter holocyclically and anlolocyclically.

The primary migration is widespread throughout England and fairly heary. The second
map (weeks 27-37) may be secondary migrants, but is not yet clearly distinguished. The
autumn return mi$ation is uniformly distributed.

3M, Phorodon hunali (Schnnk, lmf) @amsor,ltlop Aphid) (Figs. 5b and 30) is heteroeci-
ous and holoryclic, laying eggs in the autumn on blackthom, Prumts spinosa, and damson
and. plum, P. domesrica. Eggs hatch between late February and April, and the developing
population on plums may cause some damage. The migration from Pflanas to hops begins
in late May and continues until late July or eady August. Some aphids may remain on
the sucker growth of plums throughout the summer. P. ,rmnli is a pest of hops every year
and therefore the timing of tle migration to hops is probably of greater importance to
growers than the size of the migration. The dates of the beginning and end ofthe nigra-
tion can be obtained from the suction-trap samples. No alatae are produced on hops
until gynoparae and males develop in the autumn and these migrate back to Prarrs. This
nigration is concentrated in the two hop-growing regions of Britain (Taylor, Woiwod
& Taylor, 1979). The size of the autumtr migration may give an indication of potential
damage to plums the following spring and the subsequent migration to hops.

Like Brachycaudus helichrysi, this species has two clearly s€gegated migrations, the
first reflecting the overwintering Prunus host distribution. The profound difference in
the distribution of their return migrations shows clearly the acaumulative effect of intense
cultivation ofthe primary and secondary hosts in close proximity. P. humuli iansmits a
number of plant viruses including plum pox and hop mosaic.

Xi,l, Brevicorync brassicae Oinn,eusl 1758) (Cabbege Aphid) (Figs. 6b and 30) is auto-
ecious on brassicas and produces sexual forms ir the autumn. In the milder parts of the
south and west the winter may be passed anholocyclically. The eggs laid on the stems of
brassicas in the autumn hatch between the end of February and the end of April, and
alatae are producrd from the end of May to July which migrate to newly planted brassica
crops such as cabbage, cauliflower, Brussels sprouts, kale, rape, radish, swedes and must-
ard. The aphids are heavily waxtoated. Dense colonies may develop on the leaves, or
on the flower of seed crops, causing considerable damage, particularly in warm dry
weather. Alatae, produc€d throughout the summer, infest other brassicas. In the autumn
infestations in the heads of cabbage, cauliflower and Brussels sprouts reduce market
lvallue. B. brqssicae is a vector of cauliflower mosaic virus and cabbage black ring spot as
well as about 14 other plant yirus€s.

Few B- brassicae are found in the trap samples but the number recorded early in the
year miglt indicate seasons of either exceptionally large or small infestations.

There is no pronounced seasonal segregation of migration in this species but the pattem
of migration in weeks 1-34 suggests that agricultural practice is a major factor in
perpetuating distribution.

!.'l0, Eyalopterus pruad (Geoffroy, 1762) (Mealy PIm Aphitl) (Figs. 8d and 3l) is heterG'
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€cious and holocyclic with eggs being laid ot Prunus species, mainly plums, but also
peaches, apricots and almonds. The eggs hatch in April, and the aphids developing on
plums can cause serious damage curling the young leaves. Alatae of H. pruni, wbich
develop later than those of other aphid pests of plurns, migrate to waterside grasses and
reeds from the beginning of June. The population on plums continues to increase until
July, and the peak migration is observed between early July and mid-August. Some
alatae migating from plums may form new colonies on other plum trees. The return
migration lo Prunus begins in September. The small autumn migration may give an
indication of the level of infestation on plums the following spring. H. pruni is a yector
of plum pox.

The primary migration of this aphid is surprisingly easterly in its distribution in England,
as compared wrth Phorodon humuli and Brachycaudus helichrysi, and requires further
investigation.

fiO, Eriosona (Schizoneua) n/rd (Linneeq 1758) (Ccrrtrt Root Aphid) (Figs. 3c and 3l)
is heteroecious and holocyclic, overwintering as eggs on Ulmus. The eggs hatch in the
spring and the fundatrices form galls on etm. Alatae migrate, after the beginning of June,
to gooseberries where aphids may seriously check growth, and also to red and black
currants. The alatae larviposit on the soil near the bas€ of stems, and the larvae work
their way through the soil to infest the roots. Alatae develop on goosebrry late in the
autumn and migrate back to U/m rl,s where eggs are laid. The numbers of aph.ids migating
in the autumn and spring may indicate subsequent infestation of gooseberries.

The autumn rnigration reflects the distribution of soft fruit, but the decline of elm in
the south seems to be reflected in the annual totals in the samples (Table 2cc) and may
change the pattem progressively northward in the future.

91, Drepansiptun platoaoidis (ftbralL, lml) (Sycrmore Aphid) (Fies. 3d and 32) is
holocyclic and autoecious on sycamore, Acer pseudoplatanrs. During the summer all
adults are alate and active. There is a migration of the aphid in spring and early summer
which is larger in the north of England and Scotland than in the south. This species is
of no known agricultural importance. Much work has been done on the population
dynamics ofthis species in the field and laboratory (Dixon, 1979). Howeyer, the distribu-
tion ofthe migations in the two halves of the year differ more regionally than might be
expected from what is known and suggest some overriding factor not yet evident.

3TI, Metopolophiym festucae (I\eob d" 19lA (F€scoe Aphirl) (Figs. 4b and 32) is auto-
ecious on grasses, especially meadow grasses where the life cycle is anholocyclic except
in the extreme north where it may be holocyclic. Alatae are produced from May to July
which migrate to other grasses and cereals. This species may stunt winter oats if attacked
early but is not usually a pest of cereals; heayy infestations may develop on grass seed
crops particularly in the Midlands.

Distribution is widespread and undistinguished in either part of the year.

ll2, Rhopalosiphum ruidrs (Fitch, 185Q (Cereal Leaf Aphid) (Figs. 6d and 33) is anholo-
cyclic feeding on leaf blades of grasses, and occasionally occurs on barley and maize in
the summer in Britain. The trap samples indicate a small summer migration which may
originate in cultivated cereals, particularly as it is conc€ntrated in eastern Britain, but
it occurs sporadically over the whole country.

376, Aulacorthm solczr' (Kaltenbach, 1843) (Glasshouse/Potato Aphid) (Figs. lld and 33)
is almost entirely antrolocyclic in Britain occurring on a wide variety of plants particularly
32
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Digitalis. When sexual forms and eggs occur, they are found on many different plant
species. It is a pest of potatoes but seldom occurs in sufficiently large numbers to iause
direct feeding damage. However, it transmits more than 30 plant viruses including potato
leaf roll and potato virus Y, though less efficiently than Myzus persicae.

The few l. solani fotnd, in trap samples probably give little indication of potential
damage to potatoes. The overwintering survival and the time that aphids move to potatoes
is of greater importance. The number of A. solqni in trap samples together with their
emciency of transmission are incorporated in an index indicating potential risk of virus
spread in potato seed crops (van Harten, l98l).

Its distribution is indeterminate-

lltl, fusaphis (5. Ponaphis) plaataginea @asserini, 1860) (Rmy Apple Aphid) (Figs. 5d
and 34) is heteroecious and holocyclic spending the winter in the igg siage on ipple,
pear, hawthorn and Sorbus species. Eggs hatch from mid-March to early April, ihe
subsequent aphid populations cause the most serious aphid damage to applei, severe
leaf cuding. Alatae on the primary host are produced in July which migrati mainly to
plantain but also to umbellifers and docks. However, the suction-trap samples indicate
that migration begins about a month earlier. Some aphids may remain on apples until
August, or eren for the whole year. The return migation to apple in the autumn begins
at the end ofAugust, but most are found in the trap samples ittle hst halfofseptember
and the fust half of October. Trap samples in the autumn indicate the levels of infestation
expected the following spring.

During both primary and return migration this species remains mainly in the southern
half of the island.

78, Phyllapfis fagi (LinnaeuE 1767) (Beech Aphid) (Figs. 5c and 34) is autoecious on
beech. There is a redistribution ofalatae from May to July, and another migration in the
autumn which comprises sexuparae.

- The summer migration is consistently larger than the autumn migration. Distribution
is quite uniform in the autumn migtation.

290, Elttobium abietirram (Walke\ 1849) (Green Spruce Aphid) (Figs. 3a and 35) is
autoecious on Pfcea species, particularly p, sitchensis on which it is a pest. In Britain it is
almost exclusively anholocyclic; sexual forms or eggs only having been recorded on rare
occasions.-Alatae develop duringthe spring and eaily summer in response to the changing
nutritional status of the host plant. They migrate from late April io the end of July to
other spruc€ trees where they aestivate until the plants are again in a favourable condition.

The duration of the migration increases from south to north and its median date is
associated with temperature (Carter & Cole, 1977). The size of the migration, together
with the severity ofwinter weather, indicates the levels of damage expecied the following
year. There is a pronounced longitudinal graduation in distribution, with a maximum
in the west, in contrast to the arable aphids.

318, Myzus (5. Nectarosiphon) ascalordcns Doncaster, 1946 (Shallot Aphirt) (Figs. 3b and
35) lives anholocyclically on a wide variety of hosi planti and it Inay be'a-pest on a
number of crops including strawberries, onions, shillots, lettuce and cabbage. Little
seems 

-to 
be known of its biology but it develops large populations at low temperatures.

It is often one of the first aphids found in trap samplesinihe spring when rediitribution
flighb begin and continues to migrate untii mid-1uly. There is ilso a small autumn
migation. The distribution reflects that of arable crops.
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315, MyaB onutus Laing, 1932 (Yiolet Aphid) (Figs. 9b and 35) is anholocyctc on a
wide variety of plants. Alatae develop in the spring and migate from May to July to
potatoes and other plants. Iarge infestations may develop on old and damaged leaves of
potatoes in late August and September. A few alatae may be produced on potatoes, but
few are found in the suction-trap samples throughout the year. In the laboratory
M. ornatus has been shown to transmit a number of plant viruses including sugar be€t
yellows and potato leaf roll.

Occurs mainly in the south.

319, Myzts (5. N.crarusiplon) certus (Walter, 18,19) (Violet/Dienthus Aphid) (Figs. ,lc
and 35) is difficult to separate taxonomically from M. persicae rr,d little is ktrown of its
life history. It is most likely to be found on chickweed and violets. Few are found in the
suction-trap samples, but most are found between mid-May and the end of July, and
mainly in the midlands and central southern England.

1506, Pemphigus (Prmiphilines) (Poplrr-root Aphids) (Fig. 9a) includes a number of species

which are difficult to separate taxonomically, including P. Darsartas which is a root pest
of out{oor lettuces, and P. phenax which is ocrasionally a pest of carrots. ESigs are laid
on poplar in autumn and hatch iu March and April when the buds break. The aphids
form galls on poplar in which the alatae develop in June. P. bursarius migrates to lettuces
in July where it infests the roots. Sexuparae, which develop at the end of August, migrate
back to poplar in late summer aDd autumn. Some aphids spend the winter anholocycli-
cally on the roots of lettuce or even in the soil where they will colonise lettuce planted in
the same soil the following year. It is difrcult to give information conctrning a single
Pemphigus spe<ies from the suction-trap samples until the proportion of each species in
the sample is known.
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TABLE 1

Atmual total sample for aphitl species that occwred fve or less times at 12'2 m, at any of
the 16 sites listeil in Table 2 during 1975-A0 @xcluding sites 904 ad 911)

?-4 Maculohclnas subnucula (Walk.t, 18,18)
197E,919 (2)i 1979, 908 (r); 1980, 924 (l).

3l Neotrurrs ctadora (Del Guercio 1909)
1975, 901 (D.

33 Trdrna tura MordvilJro,lg08
tng,923 (t).

48 Clsitophorus neii.lae Koch, C. L., 1854
1976, 908 (l); 1977,908 (lX 1979, 919 (r); 1980, 906 (2).

52 Sipha kurdjunai Mordvitko, l92l
1976,903 <2); 1980, 908 (2).

0 Callaphit juglotdk (Go€ze, 1?78)
r978, 917 (D.

6l Chtonaphit juglotdicora (Kaltenbach, 1843)
1975,924 (t);1976, 903 (l); 1980, 9Ol (l).

65 Myzocallb boen ri St oyat!, 1957
1917,9D Ai 198q 9r2 O).

7l nnocallis platani (Kaltenbach, 1843)

154

13r

96

2U

36

116

155

1976, 910 (l); lvt6,9t3 (4)i 1977,913 (3)i 1979,913 (4\.

Takecallit arundinariae (Essig; l9l7)
1975, m3 (l); 1977,9o8 (2)i 1971,9t3 (r); 1980, 913 (3); t980,917 \2).

Swydobius obbnglts (,ton Heydcn, C. H. G., 1834
1979, 3 Q).

DrcDalosiDhum acerinnn (Walker, l8,E)
1975, 914 (l); 19,7,917 (2); 1978, 917 (l); 1978, 924 (l); 1979,9t7 (2).

Therioaphis orunidis (Kaltenbach, 1843)
1978,914 (r).

Therioophis iehrni (B&ner, C., t949)
1979,9t9 Q)i 1980, 919 (2).

A aphis tkipsoides (Hille Ris Lambers, 1939)
1976, 919 (1): 1919,919 (2).

Plo.it @phis bituberculata (Theobald, 1912)
1976,9t7 (2).

Rlopalosiphum pilipes Ossiannilsson, 1959
1916,917 Q);1978, 903 (l); 1979, 903 (2); 1979, 908 (1).

Eutchizaphis palu.sttis Clheobald, 1929)
t97 5, 923 (2)i 1976, 9t6 Q).

Schizaphit gramirum (Rondani, 1847)
197s,923 (t)i 1978, 910 (l).

Aphis rubrun (B5rnar, C., l93l)
r97E, 910 0).
Aphis schtuden (Ilijtrer, C.,1940)
1978, 9r4 (r).

Aphis craccivoraKe\ C. L,, 1854
1979, 90r (r); 1979, 3 (2);1979, 908 (3); 1919,9U (t)i t980,924 (2).

.lphb ,orrnenrillae Pasrrrini, 1879
1979, 9t2 (r).

Aphis latu acicola (Bdrnq, C., 1940)
1978,923 (l).
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Toxoptera aurantli (Boyq de Fo.scolombe, 1841)
1975,908 (l); 1975,908 (l); 1976,910 (l); 1980,910 (l).
Brachycaadus jacobt Stroyan, 1957
1976,914 (l)i 1978, 919 (l); 1978, 924 (l),
Btuchycaadus populi (Del cu€rcio, l9l l)
19'17 , 922 (lli 1919, 919 (2\.

fi u leaphis sedi (laab. l9&l
197s,9o7 (l )i 1976,919 0); 1976,9U (2).

2.78

255 Brachycolus cerarr'i (KalteDbacb, l84O
,976, 908 (t); 1976, ilo O).

304

Ha y h Lr s t i a c u c u ba I i eas-*rtni, I 863)
r980, 910 (l).

Decorosiphon corynothni lJiimer, C.. 1939
1976, 8 Q); 1916,923 (l)i 1919,923 (l)i 1980,910 (l); t98O,9A (2).

Coloradoa achilleoe Hille Ris hmbers. 1939
1976,9U (2\;1971, t (2).

280 Colorodoa rulomacalara (Wilson, 1908)
1976, I (2)i 1976, 905 (l); 1977,914 (t)i 1977,922 (l);1979, 9r9 (r).
Cobt&a ir@furclld Osiannilssrcln, lg59
1978,908 (l); 1978,923 (t); 1979,906 (l).
Ericaphis eicoe (I}orner, c',1933't
1975, 908 (r); 1915,913 (2); 1976,912 (t)i 1976,916 (2);197, 906 O)
Cha"tosiphon S. P.ntotrichoptlt poten illae (Wr.lkq. lB5Ol
1977,917 (2\i 1971,924 U); 1979,922 (2).

Ovatus mentharius (vatr der Goot. I9l3)
1976, 9t0 (l)i 1978, 914 (t).

Oiotus S. Ovaroides inulae (\tlall<*,1&49)
1975, 910 (l); t978, 908 (l)
Myzus S. Nectarcsiphon n osotid:r (Biimcr, C., 1950)
t977,919 o\.
Capitophotus cardairus (Walker, 1850)
1978, 922 (l)i I 980, 907 0 ).

Pleotrichophorus drynn i Hille Ris kmbers, 1935
1978,924 (r1.

Nasrcvia S, Neokakimia futwhy i Snoyar. 1957
le76 908 (l).
M y z o t o x o p t c r a wi ms h w s t ae Tfubald, 1927
1975,906 0).
Rhopalosiphofiinus S- Submesofia heikinheinoi (Bitmer- C-- 19521
t975,901 (l); 1979,908 0); 1980,908 (2).

Aulaco hurn tulun HiIe Ris lamb.rs. 1947
1975, 908 (l); 1975,922 (t); 1977, 901 (l); 1977,9U (l).
Subacylthosiphon ctyptorr'rlJ Hille Ris l,ambcrs, 1947
197?,9o3 (2); 1971,9o7 (t); 1977,919 (t)i 1979, 908 (!); 1979, (l).
Anthracosiphon he ae Hille Ris kmbers, 1947
t975,912(t)i 1976, 914 (l); 1978,923 (l).

Mocrosiphwn cholodkov*yi Mordvilko, 1909
1978, 9O7 (l ).

Dacryatus achilleoe (Koch, C. L., 1855)
1980, 912 0).
Dactynotus S. UturrEloi ,atuxaci (Kalt€Dbacfi, 1843)
tn9,912 (5)i 1980, 912 (8).

341

405

426

449

5t

349

356

3G

370
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2U
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455 Maoosiphoniella paryera (Walker, 1848)
1978, 901 (l).

459 Macroiphoniella lsqzerrezsr:r Hille Ris Lamb€rs, 1935
1979, 908 (4).

464 Maoosiphoniella S. Astetubion arteris (wa,&er,184,9)
1976, 903 (l); 1978, 907 (l); 1978, 914 (1).

475 Matoaaphis S- Eriabiwa goldanoryae (KtowltoD, 1938)
197s,913 (l); t975,917 (2)i 1977,908 (2);19m,903 (2).

475 Masoruphis S. Ericobiumn .ilroa, (Swain, 1918)
1975, 908 (l); 1975, 9r0 (l); t916,9?2 (t); t918,94 (l)i 1979, 908 (2).

419 Wahlsrcnielh wccinii Clheobau, f924)
1n5,9t9 (2)i 1978, 912 (l).

483 ,lnoecia vagons (Kcr,h" C. L., f85O
196, 903 (l); 1978, 9r4 (1); 1978,9U (r).

481 Glwhina betulae Oianaeus, 1758)
1975, 908 (1).

W Prociphilus fraxirt (Geoftoy, 1752)
r95, 903 (t); 1975, 916 (O; 196, 908 (4); 1976 919 (l).

526 Snyrhroodcs betae W6trvoo4 1849
r97 5, 9t4 (r)i 19T, 9r0 (2); 1977 , 913 (2)i tgn , 914 (2').

532 ceoica s.rulosa (Paf{.'ini,l$@t
t976,9or (2)i 1976,908 (2)i 1976, 9r4 (4); 1r8, 903 (l).

533 c.oica etugrcs,idis (Pa$erini, 1860)
195, 908 (2); 1975, 914 (3); 1975, 908 (I); 1977, 901 O).

U Melanaphit plrdria (Passcrini, 186l)
r98, 901 (l); 1978, 914 (1); tng,9l4 (2).

7?3 Scniaphis &uci (Fakiciw, 1775)
1975, 9lo (3); 198,910 (r); 1979, 910 (1); 1980, 90t (2).
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TABLE 2

Annual total sample for aphid species that occ-urred on more thon frve occasions at 12.2 m,
at any of 18 siles during 1975-30. Zero catches are recorileil 0; dashes indicdte no rccotd.

see pages tl0-101.
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Figs. U-35. The average geographical distribution of each scasonal miSration for the years

l97i{0 mapped from the 18 sample statioDs listed io Table 2 using the SYMAP progmm

Caboratory for Computer Graphics, Haward). The number of migrations per year is basEd on
the known biological cycles, the published phenological eyideuce Cfaylor e, 4/., Fies. !9) and
examination of the daily sample records from individual sites. The dates s€lected for separation
of migratory g/cles arc averages over time for data that are not synchronous. This lcads to a
loss of defnition but represents the general exp€ctation until adequate phenological models for
each species justify shiftitrg the time scale for each site/year.

Periods for indete.Einate flight activity fot some species have been s€panted arbitrarily to
3how either continuation of the satre Seographical distribution or cbanged distribution Dot yet
uoderstood.

Layering intervals ale numb€Ied at each sampling site on the maps as follows:
1 (no shading), zero sample; 2, 1-2; 3, 1-9; 4 1G-31; 5, 32-99t 6, 100-315; 7, 31G99;
8, 1m0-3161;9 (solid black), 3162-9999.
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1V

Eto. 30. 1O8, Phorcdon hwuli: i, w*ks l-34; ii, weels 35-52.
2Q, Brevicoryne brasicae: iii, w€eks 1-34; iv, wrek 35-52,
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i, weeks l-36; ii, weck 3?-52.

weeks l-34; iv, weeks 35-52.

,

ut prunil
ulmii iii,

Hyalopterus
Etiotona ul,

31. 110,

500,

Fro.
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ll8

FtG. 32. 91, Drepaosiphua plotooidb; i, wEcks l-29; ii, wcct! 30...52.
397, Meropolophiuri f.stucaei iii, at@ks l-32; iv, wcckr 31-52.
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lvl

!

tIl!:':i lllBs':

:ii: t!:. rllisa.

i!iiEtlltlliEEiiti!r a!r!:ttl3:i!iiii Ellt!EEi:
!i!!iii l!lt$'

It ii iiii tllii.g:
ii!t!! ir-lltq'i:

,tlJg:

I l9

Fta.33.112, Rhopalosiphum ,raldttt i, *erks l-j6; ii, w€eks 37-52.
376, ,lulacorrhum tolani: iii, wcets 1-36; iv, wccks 37-52.
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t2l

FtG. 35. 290, Elatobium abietinumi i, weeks 1-52. 318, Myzus ascalonicus: ii, wecks l-52.
315, Myzus orrutust iii, weeks l-52. 319, Myzus certus: iv, *eeks l-52.
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Use of Fertilisers in I.nghnd and Waleq 1981

B. M. CIIURCH

The series of annual surveys done by staff of the ADAS Regional Soil Scientists in
collaboration \yith repres€ntatives of the Fertiliser Manufacturers' Association and
Rothamsted (Church & Lewis, 1977) was continued in 1981 when a random sample of
1350 farms in England and Wales was surveyed.

As in the last 2 years, there is no evidence of any major change in the use of P and K,
but use of N per hectare crops and grass is estimated to have be€n about 8f more in
l98l than in 1980. This increase, which was evident on both tillage crops and grassland,

was entirely in straight N fertilisers (Iable l).

TABLE T

Fertiliser use ot tillage crops and grasslond (kS hrL), 1978-81

TABLE 2

Ferriliser use on *,inter wheat atd spring barley (kg hd-t), 1978-81

TillaSe crops Grasslaod All crop6 and grass

1978 1979 1980 1981 1978 1979 1980 l98l 1978 1979

N Strairht 53 66 77 92 67 71 69 74 50 69
Com;ouod 51 46 44 43 45 45 50 51 47 45
Totai 104 lt2 l2l 135 112 116 119 125 107 ll4

PrOs 51 49 49 5l 26 X n 25 31 36
KlO 56 53 54 56 A 26 26 26 39 38

The most striking increases are again in the use of straight N on cereals. In 1981,

winter wheat received an average total of 162 kg ha-l N, comprising 1'14 kg ha-l straight
and 18 kg ha-r in compoutrd fertilisers. Nearly a flfth of the crop got more than 200 kg
ha-lN, and total applications of250 kg ha-r or more were reported (Table 2).

t980 1981

73 83
47 47
lm r30
37 38
4041

Winter whe.t Spring barley

1978 1979
N Straisht 106 ll1

Compouod 19 18
Total 125 135

PeOo 44 46
KrO 37 38

1980 l98r 1978

126 t4 2l
19 18 62

145 162 83
464938
394239

1979 1980 l98l
26 24 3162 63 6t
88 a7 98
37 37 37
394oq

On spring barley, where increases in N use have been relatively modest in recent years,

thc total us€ of N, at 98 kg ha-l, was up I 2 f and use of stmight N was 50 % morc than
in 1980. Extm top dressings, to comPensate for loss of N from the seedbed due to thc
wet spring, certainly explain part of this large increase. However, it will be interesting to
see whetho a significa;t trend of increasing applications to spring cereals is becoming
established. The average amounts of fertiliser nutrients used per hectare in 1981 on
individual tillage crops, and on grassland classified according to utilisation, atrd the
proportions of each &op which got different amounts of nutrient are summarised in
Tables |8 at the end of this paper.

RmmeNcB

crrrRcE B. M. & LE*'rs. D. A. (1977) Fertiliscr use oo farm ctop6 itr EDelaid and wales: IDformatio!
frotri the Survey of Fertilis€i Practice 1942-1976. Outlook on Asicuhwe 9' 18G193. 
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Rothamsted Insect SmveY

Thirteenth Annual SummarY

L. R. TAYLOR, E. D. M. MACAULAY, MAUREEN J. DUPUCH and JOAN MCKLEN

Suction traps 1981

Daily samples were collected from 6 April to 4 November 1981 aad tbe Aphid Bulletins
were issued weekly from 6 April (Bulletin No. l) to I November (Bul/efin No. 30). The
33 aphid taxa listed in Table I (a-h) are those in the Aphid Bulletin.

From 6 April l98l Dr L. A. D. Turl and colleagues at the Department of Agdculture
and Fisheries for Scotland (DAFS) East Craigs took over responsibility for the traps at
Elgin, Dundee, East Cragis, Pathhead, Ayr and Stirling.

In l98l records for the trap at Pathhead in Scotland tppeared on the Bullertz and in
Table I (a-h). The trap at Rainham was only operating from 30 March until the end of
July; it only appears on the Bdlefirrr until the end ofJune and in Tables I (a-d). Traps in
Holland, operated by Dr A. van Harten of Wageningen, continued during 1981, but
records do not appear or tbe Bulletins nor in Table 1. A trap was also opemting at
Stirling in Scotland. Suction traps sampling at 5 ft (1'5 m) were operating at East Craigs,
Ingraston, Broom's Barn (until I June only), Hereford and Rothamsted Tower; records
for these do not appear in Brl/erins nor in Table l.

Catches from Aberystwyth were identified by Mr J. A'Brook and Mr H. Evans of the
Welsh Plant Breeding Station; Dr G. D. Heathcote of Broom's Barn Experimental
Station identified aphids from Broom's Barn. The catches from the Scottish traps were
identified by Dr L. A. D. Turl, Dr D. A. Cooper, Mr D. B. Cole and Mr R. Burns of
DAFS, East Craigs. Dr H. L. G. Stroyan of the Ministry of Agriculture, Fisheries and
Food, Plant Pathology Laboratory confrmed difficult identifications.

T\e Bulletin, despatched each Friday, lists aphids caught between 5 and 12 days
earlier. This timing is dictated by the postal services.

T\e Bulletins cover the working week Monday to Sunday. Table 1 is for standard
zl-week periods constant from year to year (see Rothatnsted Report for 1972, Part 2,211,
Table 4).

Sample volumes were halved at various sites as follows: Rothamsted Tower from
13 July-5 October, Preston, Kirton, Shardlow, Hereford, writtle, Long Ashton and
Silwood from 14 July to 12 October, Wye l5 July-I2 October, Starcross from 6 August to
5 October, Broom's Bam from 17 August to 2 September. In addition, when numbers
were high, catches were sub-sampled in the laboratory to reduc€ the pressure of work. The
weeuy Bulletins and Table I (a-h) are corrected to full volume samples.

In Table I (a-h) there are no missing values, a blank records a zero catch.

Light esps

Table 2 (a-f) gives the annual catches during 1979 and 1980 ofthe same pest, or migratory
Lepidoptera as in previous years.

Eighty-two sites completed the 36,1-day sample for 1980.
The sites in Table 2 are arranged in sequence from north to south and the species arc

in the same order as in previous years. Zero catches are recorded as 0; dashes indicate
missing records.

Once again voluntary workers operated most of the traps and identified many of the
insects; we are most grateful for their help.

129

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-1-21 pp 131

ROTHAMSTED REPORT FOR I98I, PART 2

IAX
Ihe Rothamsted Insect Suney-suction Trups: fou-weekly total catct

Week Nos 13 to It

Sites

Species

,lcynhosiphon pisum
Antplorophora rubi
,1phis fabq. W.
Aphk spp.
/ula.onham soloti
Bt ach y ca ud us he I ichr yst
Br*iarync brussicae
Cavariella aegopodii
Cinora spp.
D rcWno s ip h tol p la, atuidi s
Dytaphis plaitagin a
Elarobium abietirut rl
bioanu ulni
Eyabpterus pruni
Ilyperomyzas lactucae
M acr o s i p hum e up hotbiae
Megoura viciaa
Metopo|ophiurn di odum
Metopolophiumfestucac .
Myzus ascalonicus
Myzas certus
Myzat onatus
Myzus pcrsicae grp.
Nasonovia ribitrligri
Penphigus spp.
P e nt a t r i c ho p us fr a g defo I i i
Phorodoa humuli
Phyllaphit fasi
Rhopalosiphum inse um
Rhopalosiphum naidis
Rhopalosiphum podi
Sitobio avenae
Silobion fragariae
First aphid caught

t-l

1

I

I6-E.erg?i
S E Ei €iae

April Ap
89

April ,atr
8 nJg

g
a,>

3r
I

I

I

,l
I

I

I

Irl
I

I

tl z2l
8l
'l

I

I

I

6l
I

April April
711

q'a
E

I

April
t7

March April April
19-25 b t7

Silwood 8-14 January, I Sitobion fragaiae
Hereford 15-21 lantuary,1 Sitobion lragariae
Littlehampton 2l-27 Jatruary,l Myzus omatus
Kirtotr 22-28 Jatruary, I Sitobion fruga ae
Rosewame 5-ll In.,arch,2 Rhopalosiphum padi
Irng AshtoE 19-25 Ma&h,l Myzus ornotus
Dundee 19-25 Match^,l Myztts onatus
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CF!rTgEeE€.E€€ebSE'dEE&'C

)
aphids of ecoromic, ot othet interest reported h the Weekly Bulletin 1981

March to 22 April 1981

7

I
Jan

2t-27
March
5-l I

ROTHAMSTED INSECT SURVEY

Spcci6
Aoythosiphoa pirlmr
Amphotophotu rubi
Aphis labac grp.
Aphis spp.
Aulacorrhut t solani
Bruchycaudw helicbyti
Brcvicortne bratticaa
covariella acgopodii
Ciwra sPp.
D r e p awiphot p lat aaidit
Dysaphis pl@tlryin n
Elatobiurn abietinarn
biosoma ulmi
Hyalopletus pruni
Hyperomyzus lactucae
Mactosiphm euphotbiac
Megoura viciae
Metopolophium dtl@dun
Metopo lophiron fert uc4. s,l.
Mt'zus ascalonicus
M),zus certus
Myzus omotus
Myzus persicac gtp.
Nasonovia bisttigri
Pemphigus spp.
Pe atrichopur lrugacfolii
Phorodon hmtuli
Phyllaphis fagi
Rhop a lo t ip h um inse r, ud
Rhopaloiphum naidis
Riopaloiphum padi
Sirobion avenae
Sitobion ftagariae
First aphid careht

5

I,

e+.8

T { 'lE E E

I,
3

I
I

Dril Jao March March April March Jatr March
16 t 2l 2Gl 2Gl 7 t9-25 8_l4 26-l

April April April

I
9
2

I

6

3
t4
l3

5
4

7

5

1

I

I
4

I

I
I

April
8

I
4

I

l3l

I
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Species

Acy hosiphon ptslt l
Atttphorophon rubi
Aphit fabd. grp.
,lphis spp.
Aulaaorthurn tow
B rac hy ca ud us h. lic hryi
Brevicoryne brussicae
Cavaiella aegopdii
Cinara spp.
D repano ip funt p lot oto idb
Dysaphit pla agtkn
Elatobium abbrit um
biosona almi
Eyalopterus pruni
Eyperomyzus lactucae
Macrosiphum euphoftiac
Mego,t o yiciae
Met opo lopkarn dirl@dtoi
Met opo lophitmt fest Lc@ s.l.
Myzus ascalonicus
Myzus certut
Myzus omatus
Myzus peqicae W.
Nasonovia ribisnigri
Pemphigus spp.
Pe nl a t d c hop us fi ogaefo lii
Phorodon hamuli
Phy aphis fagi
Rhopalosipham iwettum
Rhopalosiphum moidis
Rhopalosiphum padi
Si obion avenae
Sitobion fiagaia.
First aphid caught

TABII
The Rotharrrsted Insec, Suney-Suction Traps: /our-weekly total catche,

lleek Nos 17 to 20-
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.o)

f aphids of economic, or othe1 interest repofied in the Weekly Bulletin 1981
B Apnl to 20 May 1981
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sp€ci€s

Acyrthosiphon pisum
Amphorophora rubi
Aphis fabae Erp.
Aphis spp.
Aulacorthum solani
B r ac hycaad us he li c ht y s
Brevicoryne brassicoa
Cowiella aegopodii
Ciraru spp.
Drcp anot ip hum p lat oloi di t
Dysaphis plantaginea
Elatobium abierirum
Etiosorru ulmi
Eyalopterus pruni
Ifypetumyzus lacrucae
M acro sip hwn e up ho r bi ae
Megoura ticiae
Met opo lophiun dirhodam
Metopolophi@fi fett ucae t.l.
Myzus ascalonicus
Myzus certus
Myzus ornalus
Myzut persicae grp.
Ndsorloria ribisnigri
Penphigus spp.
P e nt at r ic hopus fra g aefo I ii
Phorodon humuli
Phyllaphis fagi
Rhopaloiphum irrsefium
Rhopaloipham ,niidil
Rhopaloipfum padi
Sitobion ovenae
Sitobion fragdriae
Filst aphid caught
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TABLE
The Rolhansted Insect Surver-Suction Traps: four-weekly total catches

lleek Nos 2l to 24-
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Amphorophora rubi
Aphis fobae gtD.
Aphit spp.
Aulacotham solani
Brachycardus helichryi
Brcicottqe btussicae
Cawiella aegopodii
Cinara spp.
Drcp ano sip hum p la t drai di s
Dysaphis pl@taginea
Elarobium abietinum
Eriosoma ulmi
Elalopterus pruni
Eyperomyzus lactucae
Ma c ro s ip hum e up ho r b iae
Megoutu viciae
Me I o p o I op h i um dir hod u m
Met opo lophium festucae s.l.
Myzus atcolonicus
Myzus certus
Myzus o atus
Myzus persicae gtp.
Nasonovia ribisnigi
Pemphigus sP{!.
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1(c)

of aphitls of economic, or other, hterest repofied h the lleekly Bulletin 1981

21 Ma, to 17 June 1981
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Spcci€s

Acytthotiphon pisum
Amplorophora rubi
Aphis fabae grp.
Aphis spp.
Aulacorrhum solani
Br ac hl caad us he lic hr y si
Brevicotyrv broricae
Cavadclla oqopodii
Cirro.d spp.
D r e para siph.urn p lat orp idit
Dysaphis plantagirBa
Elatobiurn abietinum
biotono ulmi
Eyalopterus p mi
Eweromyzus laclucac
Macro$phum euphorbiae
Megoara viciae
M e t opo lop hi un di r hodon
Me, opolophium fet, uca. t,l.
Myzus ascalonicus
Myzus certls
Myzus onatus
Myzut perricae grp,
Nasonovia ribisnigri
Pernphigus spp.
Pentat chopat fiagdefo|ii
Phorodon humuli
Ph laphis fasi
Rhopa I o s ip furm inse r t urn
Rhopalosiphum ,naidit
Rhopalosiphum padi

Sitobion fragdriac
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TABLE
The Rothamsled Insect Survey-Suction Traps: four-weekly total catches

Week Nos 25 to 28-

Species

Acyrthosuhoa pisum
Amphorophora rubi
Aphis fobae W.
Aphis sw-
Aulacorthum solafi
8r a c hy ca udas he I i c hr y i
Breyicoryne brassicae
Cavoriella aegopodii
Cinora spp.
D rcp afuo sip harn p I at a noi d it
Dytaphis plan aginea
Elatobiurn abictitum
Eriotona ulmi
Hyaloptetus pruni
Hyperornyzus lactrcae
Macroiphtm euphorbia.
Megoura viciae
Metopolophium difiodam
Metopolophium fest ucaa r.l.
My2us ascalonicus
Myzus certus
Myzus ornalus
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Natonovia bknigri
Pcmphigus spp.
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Sitobion avenae
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1(O

of aphids of economic, or olher, intetest rcpo ed in the Weekly Bulletin l98l
18 Juae to 15 July 1981
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ROTHAN{STED INSECT SURVEY
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Megoura ticiaa
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TAII.E
Ihe Rothamsled Insect Suruet*Srction Trups: four-weekly lotal catches

Week Nos 29 to 32-

Spoci6

Acttthosiphon pison
Arrrphotuphora rubi
Aphis Iaboe grp.
Aphis spp.
Aulacorthum solani
Erachycaudus helicfuyi
Breeicoryne brassicoe
Cavorblla a.copodii
Cioaro sw.
Drcp ono s ip hun p la, anoidis
Dysaphis plotuaginea
Elatobium abi.tidm,
E iosoma ulrai
Hwlopterus pruni
Hyperomyzus lactucae
Mactuiphum .tehobiaa
Megoura iciac
Metopolophium dihodum
Metopo lop hium festucae t,l.
Myzus ascalonicus
Myzus ce us
Myzus onalus
Myzus persicoa W.
Nasonovia ribisnigri
Pemphigus spp.
Pent afi c hop us f.q aeh I i i
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Rhopaloriphum ,naidis
Rhopalosiphan podi
Sitobion avenac
Sirobion fiagatia.
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(e)
of aphitls of economic, or other, hterest reported h the Weekly Bulletin 1981

16 July to 12 Augsst 1981

ROTHAMSTED INSECT SURVEY

spccica

Acy @tiphoi pisol
Anphorophoru rubt
Aplri:t fah. W.
Aphis sW.
Aulaco hum soloni
Btu hycaudus hzlicfuysi
Brevicotyro bratsicoa
Cavari.lla a.gopodii
Cinatu spp.
D rc paio s ip hlon p lot ar@ idis
Dfsaphis plantagir@d
Elatobium obietirurn
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,f aphids of economic, or other, interest reported in the Weekly Bullelin 1981
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o o o 0 t2 011 0

5---8949
9 4 24 49 123 33 17 42 18

7---t
,2 I lo 029tt

0 --- 0
000091
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T'BLE
The Rothamsted Insect Survey-Light Traps: annual records
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1212 g s 0 0 4 3 0_ o_ o o o o1980000oooooooooo;
\27-? I 0 0 o o o 4_ 2_ o o 0 Ilesorsoooo016rt:6oi

P6t Species

Rosy Rustic

BordeEd Whit.

Pine Beauty

Cenpter$ po inis
Antler Morh

Eruinis aaranria a
Scarce Umbcr

Op.tophtera lagara
Nonhcm Wid.r Moth

Rustic Shouldcr-tnot

!212 210 o I o_ t_ I o I 3reso o r l o 2t2 o o o o i i i i
Co.tyno fowgo
Frosted Orangc

1212 ',! ? 510 o 3rt_ o_20 1t ore8o 9 o t 2 o 3 7 t7 o sis i i;
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Mclanchra p.Blcarise
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Opcrophraa bunata
WiDrcr Moth
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2(b)

of moths of economic, or other importance for 1979 od 1980

O O - 3 O - 0 0 0 - 0 - 0 1979 Bt/palus Pinioriz
O O O I 0 0 o 0 0 0 0 0 0 1980 Bordered Whitc

o o - 0 0 - 0 0 o - 0 - 0 t979 Panolisfan eo

O O 69 I 0 I 0 0 0 0 o 0 0 r9& Pinc Bcauty

O - I 0 - I Et 0 - 0 - 3 1979 C.rupt.tvx sromini'
O 2l O I 0 r l6J I 0 0 I 19 1980 Antler Moth

tO O - 3 O - 0 ll5 0 - 0 - 309 1979 Erannis auran.ia.ia
2 o 4 o O 74 0 4l o 2 0 0 270 1980 Scarc€ Umbcr

O O - I 2 - 0188 0 - O - 1 1919 OpcrcPhrera lagara
t 0 O O O 127 053 0 0 0 010 1980 Noih.m Winter Moth

t o - o O - 2 0 13 - 3 - 0 1979 ApatEa sord.nt
3 O 4 0 6 3 0 0 2E I 4 0 3 1980 Rustic Shouldcr'knot

o
a

lFE.l.E:E3.e Eg
: E E i;;2 q + i ! " EEEE-E-?-ci:i.seEEEZ;.EE!385!Es-E
U k R * d, E P + n F S Year Pesr Speci.s

41 O - 7 4l - 3 39 2l - 14 - 32 1979 Go lno micacea
2l O lO 13 19 E 4 18 l0 5 ll 10 29 1980 Rosv Rustic

lo-03-081-2-21979
3011560107020219m
20-00-502-0-01979
3012 10 0 3 0 611 l0l1980

Godyna fdvago
Frostad oradg!

Mamastra brotsicaa
Cabbage Molh

4 I - 1 3 - 2 22 lo - 4 - 4 1979 Noctua proruba

A 2 2 36 6 13 O 50 8 1l 6 3 63 1980 Largc Yellow Und.rsirlg

2 I - I O - 0 4 30 - 7 - 4 1979 Diota,axia okracca
lO 4 O I O I 2 | 19 I 21 0 4 1980 Brisht-line Brcsn.vc

O 10 - O I - I 0 1 - 2 - 0 1979 Eaxoa nigricatlt
O 9 2 O O 7 I 0 5 0 3 0 0 1980 Gard.o Dart

55 o - 27 3 - 5 10 38 - l0 - t 1979 Apamra sccolit
52 3 l4 ls 8 4 15 7 13 ll 15 25 6 l98o CorEtDon Rustic

I o - I O - I I 2 - 2 - 2 lng Mclat8hrd paricartae
r O 7 I O 0 O 0 l0 5 0 0 I l9to Dot Moth

23 o - t5 54 - I 352 2l - 65 - 257 1979 OP.rothrera brattuta
!2 O 5 14 2 N5 0 196 2 0 I 0 319 l9t0 WiDtlt Moth
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Antler Moth

Erannis a,rran ioria
Scarc! Umbcr

Operophtera lagdra
Northcm Wi(ar Moth

Rustic Shouldcr-loot

Gortynafavago
Flosted OraDgE

Mamestra bratticaz
Cabbagp Moth

Noc,ua pronaba 1979 25 - 46 5 2t7 3 - 4 ,tS 8 _ t4 t2 t2
Largc Yellow Uadcrwing l9E0 32 2 66 t3 244 S S n ql ZO S 29 O 2t
Diatararia olera..a
Bright-lirc Brot !-cyc

Euxoo nigricarlt
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Common Rustic

Mclorchra pcrslcaiac
Dot Moth

Operopht ra bt rnd,o
Wintcr Moth
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2{c)

of moths of economic, ot other imPortance for 1979 and 1980

ER€sR*Hg3E:REv.", P€st Species

O 2 - 4 3 2 l0 0 I 5 4 2 | 1979 Got,vtu micacea
O 2 ll g 2 1 4 O 3 3 4 1 2 1980 RosY Rustic

5 2 - O O O 0 0 0 0 0 0 0 1979 BuPalus piniaia
2 O O O O O 0 0 0 0 0 0 0 t980 BordcIed Whitc

I 0 - O o O O 0 O 0 0 0 0 1979 Panolis fum'rQa
4 3 3 3 O o 0 I 0 2 I 2 0 1980 Pinc B€auty

O 1 - 10 I O 33 0 6 6 0 0 0 1979 Ceruptcryx srutnifis
O O o lO 0 I ? o I 2 0 0 0 l98O Antlcr Moth

27 I - - 16 0 0 15 0 63 o 0 0 1979 E annis awantiatia
l2 | 3 - ll O 0 3 0 102 0 0 0 1980 Scarce Umb..

O 4 - O O 2 0 0 0 0 0 0 0 1979 APa,'Ea so'd.nt
o I 5 O o 3 O o O O o 0 0 1980 Rustic Should.f-knot

O I - I O ! O f 0 8 0 0 I 1919 Go YnalaYago
O O O O o O 0 0 0 5 0 0 I 1980 Frosted Orangp

9 1 - o 5 5 O o t 0 5 I lf 1979 Mones,ra brattlco'
7 7 I o 2 I o o o 0 8 ll t 1980 ctbbagic Motb

4 I - lO g 22 3 2 O 29 7 I O 1919 Noctua vorubo
ti i zc 21 9 34 2 4 4 74 19 2 3 1980 Largc Yellow und.rwitrs

2 I - I 5 30 1 3 I I lo lo 9 1979 Dlata'axia olerac'o
o o I O O 12 O I 3 4 /+ lt 6 1980 BrirhtJinc BtoYD'cv'

I O - O o O 0 0 o 0 6 0 o 1979 Euxoa 
'isrlcd"tf O I O 0 O O 0 0 0 0 0 0 1980 Gardcn Dafl

5 16 - 16 9 55 321 I 9 30 8 3 15 1979 ,lla'nca lecalk
A Zt 11 I 20 39 21 5 t9 13 14 12 I 1980 Common Rustic

O O - O I t 3 O O 0 3 0 0 1979 Mcla'ch'a p'rtLa'io.
o I I O I O 5 0 0 0 2 O 0 1980 Dot Moth

I 1919 Openphte.a brrmara
I l9E0 Winter Moth

o! o* EEEt ls?EP-!gilEssEjSgEr

o I - - 2 o O 0 0 I 0 0 o 1919 Opercphtera laso,a
O I O - I I O ,+ 0 t'l 0 0 0 1980 Nonhem Winter Moih

t3 9 - - 20 4 0 2 6 269 3 I
9 915-23 I Ot9 376 2 7
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,l b, oras g ro t s ula, iat a
MaSIric Moth

Agmlit t.gcrafi
Turaip Moth

baznk detolidia
Mottlcd Umber

Phlogophoru meticrlosa
Aogle Shades

Altophila acscularia
March Moth

Hepialus humuli
Ghost Swift

EepialLt lupulina
Commod Swift

Agrorit ipsilon
Dark Ssord Grass

Euproctit chrysonhoca
BrowD.tail

Aero, it cxclarnatianlt
Hcan and Dan

Silv.r Y

Laphrgrna cxigua
Sma[ Mottlcd Wilow

Ntcr.tos.a obttipata
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Rush Vcncer Pcarl
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zld')

of moths of economic, or other importance .for 1979 and 1980

6-: z
>os q Ee eE * -s'i!.-d-E:-9t.96Eicc=

iEEiESE*EiEFEi
3 R fr g $ I g ; I H 5 R F S Year Pest species

o - - - 0 10 1l 13 5 - - 4 o 1979 Abratat grossulariata
0 0 4 0 0 4 l0 3 1 9 0 6 I I l98o Magpie Molh

0 - - - 0 0 1 0 0 - - 0 0 1979 Ag?orit segetvm
0 O I O 1 0 0 1 I 0 0 0 0 0 1980 Tumip Moth

-t3---5326251 1695 t 22t 18
5 16 3 - - 15 16 1979 Enrnis defoliaria
a 2 2 A 5 6 22 1980 Mottled Umber

Rusty Dot Pea.l

0 - - - 0 5 2 l8 0 - - 2 O 1979 Phlogophora metict losa
5 0 4 0 ll I I 2 12 0 0 I I 0 l9E0 Angle shades

0----2420 0 0--11 1 1979 Akophila aescularia
19 O 44 I 2 12 28 8 O O 27 ll 7 7 1980 March Moth

0 - - - 3 0 0 0 0 - - 2 O 1979 fiepialuc hunuli
0 0 0 0 0 I 2 O 0 O 0 3 I 0 I98O Ghost Swift

0 - - - 0 I 9 0 0 - - 3 o 1979 Hepialus lupdiru
0 0 0 4 o o I l7 0 I 64 25 0 t 1980 Common swift

I - - - O 0 0 I 0 - - 0 0 1979 Asrotis ipsilo,
2 0 I 2 0 0 0 0 8 0 0 0 0 0 1980 Da.k Sword Grass

0 - - - 0 0 0 0 0 - - 0 0 1979 Etqroctit chDsonhoea
O O 0 0 0 0 0 0 0 0 0 0 0 0 t9E0 Brcwn-tail

0 - - - 13 9 ll lA l5 - - 14 ll 1979 Agrotis erclan ationis
14 O 1 O ,{4 l0 ll 18 63 37 31 23 5 14 1980 Heart and Dan

0 - - - 5 l9 47 4 86 - - 14 I 1979 Pltsia samna
60 6 15 12 2 7 42 103 56 54 I 47 41 3 1980 Silver Y

0 - - - 0 I 0 0 0 - - 0 0 l9?9 Iaphygtru a.igua
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1980 sdall Mottled willow

0 - - - 0 0 0 0 0 - - 0 0 1979 Nlcterosea obsttpdta
O O O 0 0 O 0 O O 0 0 0 0 0 1980 The GeE

0 - - - 0 0 0 0 0 - - I O 1979 Nomophila noctuclla
0 0 2 0 0 0 0 0 I 0 0 - 5 0 1980 Rush Verc€r Pearl

O - - - 9 0 5 0 15 - - I 0 1979 Plar.lla ,ruculipennis
o 2 9 0 4 196 o 225 0 869 0 - 222 4 1980 Diamotrd-back Moth

0---00000--001979
116 64 65 0 A2 7 5105 013 0 - ll7 t0 1980
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The Rothqmsted Insect Survey*Light Traps: annual records
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1919 7 t O I l22E- O-14 ll 60
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0600000-0-00-0
01000100100010
0 31 0 I 0 0 6 - 0 - 3 0 - I
1500 0 6 0 236 76 3 0167 l0 0 534 19
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1 0 0 I 0 8 0 7t 0 3 0 0 0 0

0000000-0-2002
110001601004122
0r116503-0-tt5t
o10099009013001

o000100-0-o201
20102t01000102
2 6 4 0 210 4- 4-51 4 344
o42 4 0 246 6 5'.l 7 99 15 18 92

0100000-0-0000
o2000000000000
0000000-0-0000
00000000000000

t979 818 ll 5 626 8-18-33 610 6t
1980 18 52 6 l9 24 67 12 125 73 73 150 lO 212 334

1979 2t 66 0 t 4 2 4 - A - 44 5 4 3
1980 2t 79 0 2 10 r0 8 89 63 9 4t 5 23 6

0000000-0-0000
00000000000000
0000000-0-0000
00000000000000

1979
1980

1979
1980

1979
1980

1919
1980

1919
1980

1919
1980

1979
1980

1979
1980

1919
1980

1919
1980

1979
1980

1979
1980

1979
1980

Pest Species

)braxa! grossula ata
MagDie Moth

lrgioris segetum
Tumip Moth

Emnnis defoliaria
Mottled Umber

P hlo g op ho ra ne t ic ulo sa
Angle Shad€s

Alsophili aescalar t
March Moth

Eepialrc humii
Ghost swift

Eepialus lupulina
CoDmon Swift

AgToti.t ipsilon
Da:rk S\rord GrEss

Euptoctis chrysonhoea
Browtr-tail

Agro,is .xclanationis
Heart and Dart

Silver Y

Inpht'gma exigua
Sma[ Mottled Willos.

Nlcterosea obstipata
The Gem

Nomophih rucruclla
Rush Veneer Pearl

Plurella naculipen is
Diamo[d-back Moth

Udea ferugalis
Rusty Dot Pead
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2<et

of moths of economic, or other importance for 1979 and 1980

S R & 3 3 + 3 n H Year Pest Speci€s

0 0 - l2 6 - 2 l7 la - l0 - 3 1979 Abraxas srossularbta5 0 I 7 l2 1O7 I 18 18 I I 4 2 1980 Magpie Moth

0 0 - 0 0 - 0 0 2 - 2 - 0 1979 lgrotis s€getum
0 I 0 0 O 4 6 I 5 14 27 0 0 1980 Tu.nip Moth

4 0 - 30 I - O 557 4 - 1 - 1452 1979 harois defoliaria
26 O 2 13 0 480 O 264 I 0 0 2lll8 1980 Mottled Umb€r

1 5 6 - I - a 1979 Phlogophora meticalosa
7 7 4 I 0 1 6 1980 Angle Shades

6
z

cEE sE s i
=IE!!a:E6tst€9PE6Ei:EiIi:!s-agBe 

=; € E f : E E EE € € f E

30-12-
003124

55 0 - - 4 - 2 4l 30 - l0 - 19 1979 Alsophilu aescularia
29 0 17 5 7 127 7 99 27 2 4 19 22 l9AO M8rch Moth

I 0 - I 1 - 0 0 I - 2 - 0 1979 Eepiabrs humuli
2 0 2 0 I 0 0 0 o 0 0 2 0 1980 Ghost swift

0 O - O 35 - 4 I 7 - 44 - O 1979 Eepialu.s lupulino
2 0 I 0 74 tl9 6 0 3 3 5 0 0 1980 Common swilt

I 0 - 0 0 - O I 0 - 0 - 0 1979 Agrotis ipsilon
0 0 0 0 0 O O I 0 0 0 0 I 1980 Dark Swo.d Grass

0 0 - 0 0 - 0 0 0 - 0 - O 1919 Euptoctis chryio hoea
0 0 0 0 0 0 0 O O 0 0 0 0 f980 Brow&lail

44 I - 9 U - 9 44 42 - 13 - 7 1979 Asrotis exclo,narionir
133 2 23 34 & 13 25 34 120 234 90 79 47 1980 Heart add Dart

8 0 - 11 3 - 9 7 3l - 3 - 26 1979 Plutia gamma
9 0 19 14 12 34 ll 28 l7 4 7 6 76 1980 Silver Y

0 0 - 0 0 - 0 0 0 - 0 - 0 1979 Laphysna exisua
0 0 0 0 0 0 0 0 0 0 0 0 0 1980 Sma[ Mottled Willow

o 0 - 0 0 - 0 0 0 - 0 - 0 1979 Nycterosea obstipata
o 0 0 I 0 0 0 I 0 0 0 I 0 1980 The Geh

0 O - - 0 - 0 - 0 - t - O 1919 Nomophila noctue d
4 o o - 0 0 8 - 0 0 0 9 4 1980 Rush Veneer Pearl

0 0 - - l0 - 3 - 22 - 3l - 0 1979 Plute a naculi?eMir
51 0 o - 162 2 19 - 88 129 415 78 I 1980 DiaDotrd-back Moth

0 0 - - 0 - I - 0 - I - 2 1979 Udeafenusalit
7o 0 I - 3 I 4 - 0 l1 I ll 42 19ao RDsty Dot Pesrl
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TABLE
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4t- 1141 7- O 7 0- 8 023
2065tr2353600022223

Year

t979
1980

1919
1980

0-41a2-031-000
o 215 l7 lt 4 7 0 0 t 0 0 2l

1979 t1 - 0 043 3- 179 5- 0 028
1980 100 036 0 0 2137 41033
19799-0041-2tOO-180
198081019253800212
1919 30- 0 0 36 0- 0 I U - 0 0 17
t980 8 41358 250231 t 009
19790-0130-220-001
19800t112O01O0,(OO0
1979 0-t2 ll0 3-19t328-27t3 E

1980 0 77 22 ll 16 0lt8 5 81528 5 9

19794-0000-010-o00
1980r0000070000000
19790-0002-300-0190
198000000000000040
1979 43 - 4t 2 20 45 - 5 2 t3 - 7 5l ll
1980 37 95 108 29 42 U tO 34 29 37 6 27 56 26

1979 5- 0 511 29 -25 16 0-25t0l2
1980 22 7 a 310 192022 5 62421 9

0-0000-000-000
00000000000000
0-0000-o00-000
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0-000--000-000
0-4200220000010
0-49350--700-3290
0 - 580 471 5nl A2 36 0 0 0 55 202 0

0-ooo--000-000
3 - ll 2 I I 419 0 3 5 0 0 0 0

1979
1980

1979
1980

1979
1980

1979
1980

1919
1980

Pest Species

Abn as grotsalariato
Magpie Moth

Tumip Moth

bdnnis dehliaria
Mottled Umber

P hl o g o p hor a rne tic ul o t a
Angle Shades

Alsophila aes.ularia
March Moth

Eepialus hunuli
Ghost Swift

commoo swift

.brotis ipsilon
Dark Sword Grast

Euptocris chrysorfioea
Brow -tail

A g t o t is e x. la rna. io ni.t
Heart and Dart

Silver Y

Inphygrna etiguo
small Mottled wilow

Nyetensea obstipata
The Gem

Nonorhila noc,uella
Rush Veoee! Pearl

Plurella ,rucalipemit
Diamond-back Moth

Udeafe ugalk
Rusty Dot Pearl
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41t
of molhs of economic, or other importance for 1929 and 1980

E
5]l=Ei:3 *8 i E p

E€fE*?9;;stEr5
o.crFG

0 0 - 0 0 15 5
0 021 0 014 6

o2-010t
301E001

E-':e:E!?FEEEIgA,;>01Og

3 = F : R I Year Pest Sp€cics

0 7 3 1 9 8 1979 Abruxas g.otsyldriota
1 7 3 4 l9 2 1980 Magpie Moth

0 0 1 t6 Il
01011

33 9 - - 7 I 0 36 | 122 I I15 l5 2- 7 t o26 361 O0

4 1979 Asrctis tegetum
0 1980 Tumip Moth

I 1979 bamis defoliatia
I 1980 Mottled Umber

0 0 - 3 0 6 O 0 2 lO I 2 I tg7g phtogophord meticaloroO 2 I 0 1 0 3 O I t4 2 O 3 t98O elglc 
-Snad€s

5 7 - 23 5 4 O 3 I 19 I O 5 t97g Alsophila aercularia4 6 2l - 6 6 I 2 4 33 3 O 6 l98O t*larit r,rott

I 1 - 0 0 t 0 O 0 0 I O O 1979 Eepialus hwnati0 0 I 0 0 0 0 O O 0 0 O O l98O Ghost Swift

8 0 - 5 I 14 & 6 3 0 I 2 O t9j9 Hepialus tupulina23 I 14 7 O 0 2l 3 0 O 2 2 O 1980 Common S*ift

0 0 - O 0 0 0 0 0 7 2 2 O tg19 -tstotis ipsiton0 O 0 O 0 0 O I 0 2 3 0 I t980 D-ark Sword G.ass

O O - 0 0 0 54 0 0 0 0 2 O 1979 Euproctis chrysothoea0 0 0 0 0 0 49 0 0 0 0 i 1 1980 Brown-tail

16 23 - 26 12 49 41 1l 13 12 77 9 34 t9j9 Agrotis exclar ationit54 88 59 6E 49 35 52 24 32 36 ,r0 23 36 l98O I{aaft aDd Darr

l7 l5 - ll 19 10 0 1 | 4t 22 l3 t2 tg79 plusia Eanru35 12 5 3 l0 18 4 2 12 62 2E 2 t6 1980 Silver Y

0 0 - 0 0 0 0 0 0 0 0 O O t9?9 Inphysfu exisua0 0 0 0 0 0 0 0 0 0 0 0 0 l98O Sf,a Mottt€d Wilow

0 0 - 0 0 0 0 0 0 0 0 I O 1979 Nycterosea obsripata0 O 0 0 0 0 0 I 0 0 4 O O t98O The cem

0 0 - 3 I 0 0 - I O 12 0 13 1979 Nomopkla noc,ttclla0 1 4 3 2 O 0 - 2 - 15 ll 12 1980 Rush vercer p€a.t

I 25 - 3 I 0 50 - 6 0 - 27 12 1979 pluella maculipennis
12 206 50 l9 16 0 0 - 99 - 20t0 203 54 1980 Diamotrd-bact Morh

0 0 - I 0 0 0 2 1919 Udeafe usatir0 0 - 52 - 434 49 56 1980 Rusty Dot Pcarl
00-01
003591
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coNvERSION FACTORIS

Factors for tte CrDye$ioD of IEDerial to NIetric Units

I inch (in.)

I foot (ft) (:12 iD.)

I yard (yd) (:3 ft)
I square yard (ydt)

I afie (ac) (:.t8zl0 Yd)
I ounce (oz)

I pound (lb)

I hun&edweight (cwt) (:112lb)
I too (:22tlo lb)

I piot

I Salon (gal) (:8 pints)

I f,uid ounce : l/20 pint

I cubic foot

: 2.5/0 centimctes (cm)
: 30'tl8 cm
: 0.91,14 metre (m)
: G8361 mt
: 0./()47 hectare (ha)

: 28.35 exams (c)
: 0.4536 kilosam (kg)
: 50.80 k8
: 1016 kg : 1016 m€tric toDs (tom6) (t)
: 0.5682 litre 0)
: 4'5.l5lit€s
: oo2Ml litre : 2J.41 ml
: 28.32 lites

To co, cr,

oz arr to g ha-l
lb arl to kg ha-r
cwt ac-l to kg ha-1

Cs,t ac-l to t ha-1

ton ar1 to kg ha-l
totr acl to t ha-l
gal ac-l to I ha-1

Mdtply by

70{6
1.121

125.5

o.1255

2511

2.511

tl-233

The follovtec facrott orc acqrutc to sM 2 Ndt h n:
I Ib ac-r : l'l kg ha-r

1 gal 4-r : ll litres ha-l
I ton ac-l : 2'5 t ha-r

Ia gaenl rcodlag of thc tcx, ,hcre vil, b€ ,p geat irsccntc.y in rcgadlag:

llb:0'5kg
1!bar1:lkgba-1

TemperrtE€s

To convert 'F into "C subtract 32 and multiply by 3 @.55O
To convert'C into'F multiply by g (1.8) aod add 32

t59
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ROTHAMSTED REPORT FOR 198I, PART 2

Facto6 for th€ Conversioo of Metric to Imperial Units

I centimettr (cm)

1 metre (m)

t squar€ metre (m2)

I hectare (ha)

I gram (g)

1 kilogram (kg)

lks
I metric ton (tonne) (t)

0.3937 inch (in.) : 0.03281 ft
1.094 yards (yd)

1.196 square yards (ydr)

2.471 aqes (ac)

003527 ounce (oz)

2.205 pounds 0b)
0O1968 hun<lredweight (c.wt) : 0'0009842 ton
09842 ton

I litre : 1.760 pints :0.2200 Calloo GBt)
I litrc : 10(x) millilitres (mD : 35.20 fluid ounces : 0.03531 cubic foot (ftr)

Phnt nuEie{ts

Plsnt nutrients arc b€st stated in terms of amouDts of the elements (P, K, Na, Ca, Mg, S); thc
old 'oxide' terminolory @zOc, K:O, NarO, CaO, MgO, SO3) is stil us€d in work involving
fertiliscrs and liming since Regulatiors require statemeDts of P2Os, KsO, ctc.

Fot quick cor,tarsiont

(accurate to within 2ZJ thc following factors may be uscd:

To con cf,
g ha-l to oz ac-l
kg ha-1 to lb ac.r
kg ha-1 to cwt ac-l
t ba-l to cwt ac-r
kg ha-r to tons ac-1

t ha-r to lotrs ac-r
I ha-l to gal afr

Mtdply by

0.01427

0.892t

0.m7966

7.96
0.0@3983

0.3983

0.08902

f x PzOo :P
t x KrO :K

rtxCaO-Ca
*xMgO:Ms

To coatqt

P to PsOs

K to KrO
Ca to CaO

Mg to MgO

2]xP : PaOs

l*xK:Kp
lf x Ca :CaO
13xMg-MeO

For accurqle coaversioas :
To con ett

PrOs to P
KsO to K
CaO to Ca

MgO to Mg

Mulriply by

o.4364

0.8301

0.7146

0.6031

Mdtiply by

2.2915

1.2M7

1.3994

1.6581

r60
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