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ABSTRACT

The Agrobacterium tumor-inducing (Ti) plasmid inserts a segment of
its DNA, called T-DNA, into host plant cells, transforming them into
tumor cells that grow rapidly. Although the mechanism of this gene-
transfer process is not understood, it can nevertheless be exploited by
plant genetic engineers. The T-DNA on the Ti plasmid can be replaced
with genes of interest for crop improvement. If such genes come from
very unrelated organisms (bacteria or yeast for example), they must be
modified to make them function in the crop plant. Model experiments in
such gene modification have been successful, and plants have been
engineered with functional bacterial genes. This genetic engineering
strategy has two limitations. Only one class of crop plants is
susceptible to Agrobacterium infection, i.e. the dicots (soybean,
potato, tomato, tobacco, and many vegetable crops). Monocots (corn,
wheat, rice) seem immune. Secondly, the crop plant must be regenerable
from tissue culture cells, a serious problem at present for soybean.

Supposing that means are developed for direct gene insertion into
valuable crop plants, the next challenge will be choosing and isolating
single genes that will improve the crop. Today it is feasible to
produce plants resistant to agricultural chemicals. Improvement of
nutritional quality of seeds can readily be accomplished by directed
changes in seed storage protein genes. The prospects are more long
range for protecting plants against pathogens, improving yield,
affecting plant size and shpae or protecting the crop against
environmental stress. Problems of patent protection and governmental
regulation add an element of risk to all genetic engineering projects.

INTRODUCTION

A central figure in the new technology of plant genetic engineering
is the plant pathogen Agrobacterium tumefaciens, agent of crown gall
disease. The bacterium carries a large virulence plasmid, the Ti
(tumor-inducing) plasmid, that possesses the unique ability to insert a
part of its DNA into the chromosome of the host plant cell. The
transferred DNA, T-DNA, is a specific part of the Ti plasmid and
contains genes that function only after transfer to the plant cell. 1In
response to these new functions, the plant cell is stimulated to divide
rapidly and to synthesize novel metabolites, opines, that are specific
nutritional substrates for the pathogenic bacterium. The gall is thus a
factory for production of nutrient for Agrobacterium, and the pathogen
is a microscopic genetic engineer. The details of the discovery of T-
DNA transfer and opine biosynthesis have been summarized in several
recent reviews (Nester and Kosuge 1981, Van Montagu and Schell 1982,
Bevan and Chilton 1982, Hooykaas and Schilperoort 1984).
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T-DNA is a specific small part of the large Ti plasmid, and luckily
what marks it for transport to the plant cell is not the genes in T-
DNA. There are signals at the left and right borders of T-DNA (Yadav et
al. 1981, Zambryski et al. 1982), and all of the genes in T-DNA are
dispensible (Garfinkel et al. 1981, Leemans et al. 1982.) Genes
elsewhere on the Ti plasmid are responsible for sending T-DNA along to
the plant cell. Addition of extra DNA to the middle of T-DNA did not
interfere with the T-DNA transfer process, and indeed this passenger DNA
was carried along to the plant cell together with the natural T-DNA
(Hernalsteens et al. 1980). T-DNA could therefore be exploited as a
carrier (vector) for introducing desirable genes.

INSERTION OF FOREIGN DNA INTO T-DNA

Insertion of DNA into small plasmids can be achieved by a few
simple enzymatic steps (Figure 1). The small plasmid is cut with a
restriction endonuclease that cleaves in one site. Novel DNA fragments
that have been cut with the same enzyme are added to the plasmid. The
mixture is reassembled by use of the "stitching" enzyme ligase, forming
recombinant plasmids containing novel DNA inserts.
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Fig. 1. Insertion of DNA fragments into a small plasmid. Small
circular plasmid DNA (white) is cut once with a restriction
endonuclease. DNA fragments (black), cut from plant or other DNA of
interest with the same restriction endonuclease, are added. The
fragments are stitched together by adding DNA ligase, to yield a mixture
of recombinant DNA plasmids, each containing a different black
fragment. The recombinant plasmids are introduced into a population of
bacteria (one per bacterium). A pure culture derived from each
bacterium contains one type of recombinant plasmid. Many such bacteria
constitute a "library" of DNA fragments, among which the desired "book"
(plasmid can e found by several techniques.
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Novel DNA cannot be directly inserted into T-DNA of the Ti plasmid
by this approach because all restriction endonucleases cut the Ti
plasmid into 10-50 pieces (Sciaky et al. 1978). To circumvent this
problem we use a combination of recombinant DNA manipulation and
bacterial genetics to get new genes into T-DNA at any desired location
(Matzke and Chilton 1981, Leemans et al. 1981). Details of one type of
procedure are shown in Figure 2. Slight modification of the strategy
allows us to delete small or large protions of the natural T-DNA during
the insertion process. This powerful but laborious procedure makes it
possible to rebuild T-DNA in any way we wish.

ENGINEERED
Ti PLASMID Ti PLASMID

INTERMEDIATE (EVICTED BY AN
VECTOR INCOMPATIBLE PLASMID)

Fig. 2. Strategy for insertion of foreign DNA into T-DNA on the Ti
plasmid. A subfragment (stippled region) of T-DNA (black region) is
cloned into a wide host range intermediate vector. Foreign DNA,
symbolized by YFG (your favorite gene) together with a selectable
genetic marker (antibiotic resistance), is cloned into the center of the
stippled region. The engineered intermediate vector is introduced into
Agrobacterium containing a Ti plasmid. Two recombination events (dotted
arrows) bring about rare exchange of the engineered trait onto the Ti
plasmid. The small arrows flanking T-DNA represent the border repeats
that define the region of the Ti plasmid transferred to the plant cell.

Simplification of the procedure has provided more convenient
methods for producing genetically engineered Ti plasmids (Comai et al.
1983, van Haute et al. 1983, Zambryski et al. 1983). However the
ultimate simplification was the discovery that T-DNA need not be on the
Ti plasmid: it can be on a separate MINI-Ti plasmid in Agrobacterium,
together with a "helper" Ti plasmid lacking T-DNA (Figure 3). The
helper plasmid provides all the functions needed to send T-DNA on its
way into the plant genome (De Framond et al. 1983, Hoekema et al.
1983). This MINI-Ti strategy offers great promise for design of
versatile, convenient vector systems into which desirable genes can be
inserted directly. A MINI-Ti vector consists of a wide host range
plasmid containing left and right T-DNA border signals and between the
borders, one or more unique cut sites for restriction endonucleases.
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Fig. 3. MINI-Ti Vector. A MINI-Ti plasmid vector contains left and
right borders on a wide host range plasmid. YFG is cloned between the
borders, and the vector is introduced into Agrobacterium containing a
helper plasmid. No recombination onto the helper plasmid is required:
T-DNA transfer is mediated by the helper plasmid in trans.

SELECTABLE MARKERS

Tumorous plant cells do not regenerate into complete healthy plants
as do their normal counterparts. Elimination of one (Barton et al.
1983) or more (Zambryski et al. 1983) genes in T-DNA solves this
problem. However it creates another problem: it is difficult to find
the transformed cells among large populations of untransformed cells.
(Tumor cells are easy to find: they grow on hormone-free agar, while
the normal cells die.) To allow easy detection or selection of
transformed cells, "chimeric" genetic markers have been constructed.
Bacterial genes, yeast genes and other very foreign types of genes do
not function in plants because the start and stop signals in plant genes
are different. Attaching plant start and stop signals to a bacterial
gene produces a chimeric gene structure that does function in the
plant. In most of the experiments reported thus far, the "plant"
signals were in fact cannibalized from a T-DNA gene, the nopaline
synthase gene. Chimeric bacterial drug resistance genes (Herrera-
Estrella et al. 1983, Bevan et al. 1983, Fraley et al. 1983)
and B-galactosidase (Helmer et al. 1984) have been shown to function in
plant cells after insertion by Ti plasmid T-DNA.
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TRANSFORMATION OF PROTOPLASTS BY A NON-T-DNA VECTOR

Recently Paszkowsky et al. (1984) have shown that plant protoplasts
can be transformed by naked plasmid DNA containing a selectable marker
but no T-DNA border sequences. A chimeric kanamycin resistance gene
with signals from a plant viral gene (cauliflower mosaic virus gene VI)
was introduced into tobacco protoplasts. After selection of the
transformed cells on kanamycin-containing medium, plants were
regenerated and shown to transmit kanamycin resistance to their progeny
as a dominant Mendelian trait. This finding points the way to a
transformation method for plants outside the host range of
Agrobacterium, which is restricted to dicots.

REGULATION OF FOREIGN GENES INTRODUCED INTO PLANTS

Chimeric genes formed from the nopaline synthase signals express 1n
all types of plant cells: they seem not to be developmentally
regulated. 1If the signals are taken from a light-regulated plant gene,
the resulting chimeric gene is also light-requlated (Herrera-Estrella et
al. 1984). It is plausible to suppose that signals from a plant gene
that expresses only in roots would provide chimeric genes that are root-
specific, etc. This will be important for some kinds of genetic
engineering projects: engineering a nematode resistance gene to express
in leaves would be uselss when the roots are the point of attack.
Herbicide resistance, on the other hand, might be needed only in leaves.

TECHNICAL PROBLEMS REMAINING

The major problems in vector design are solved for plants within
the host range of the Agrobacterium Ti plasmid. So far as we now know,
this is restricted to dicotyledonous plants. More detailed knowledge of
why Agrobacterium fails to produce tumors on monocots may reveal a means
of adapting the Ti plasmid to this group of plants. Alternatively, it
may be necessary to develop completely new strategies. Transformation
of plant protoplasts by naked DNA (Paszkowski et al. 1984) is an
attractive approach; however important cereal crops fail to regenerate
from protoplasts to complete plants. Transformation of pollen with DNA
would provide an ideal solution, yielding genetically engineered plants
with minimal in vitro manipulation.

Soybean, an important dicot crop that is susceptible to the Ti
vector strategies outlined above, is not readily regenerable from tissue
culture. Thus genetically engineered soybean plants have not yet been
produced. Several groups are currently reporting hopeful results in
soybean regeneration, and it appears likely that this challenge will be
met within a year.

A general problem for the genetic engineer wishing to produce
plants from engineered plant cells is the occurrence of high genetic
variability in regenerated plants of clonal origin. This "somaclonal"
variation, while it may prove useful in its own right as a source of new
kinds of genetic variation for plant breeders, is unwanted in
engineering new genes into existing desirable genotypes. An
understanding of the molecular basis of this variation might aid in
eliminating it during genetic engineering projects.
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The most challenging technical problem is the choice of single-
gene—encoded traits that can be used to improve the quality of a crop
plant. The most obvious choices are genes that confer resistance to
herbicides or other useful agricultural chemicals. Nicotiana
plumbaginifolia and N. tabacum plants resistant to the antibiotic
kanamycin have been engineered by introduction of chimeric genes that
detoxify kanamycin (Horsch et al. 1984, Paszkowski et al. 1984).

Neither of these plants is a major food crop, nor is kanamycin an
important agricultural chemical, but the success of these model
experiments augurs well for projects of this type. It is less clear how
to find or construct single genes that will solve other problems for the
farmer: resistance to fungal or bacterial pathogens, tolerance to
environmental stress, susceptibility to insects or nematodes, or
improvement of yield. Improvement of the amino acid balance of seed
storage protein can be attempted by manipulation of single genes that
are readily isolable from plants. This objective however, is not high
on the farmer's wish list. Many approaches are clear for combatting
viral diseases, but further basic research is needed to determine the
best method.

Foreign proteins introduced by genetic engineers may find
themselves in a hostile environment for which they have not been
prepared by natural selection. Plant proteases may cleave them, or low
pH environment in the plant cell may make them enzymatically inactive.
We have had too little experience to predict how frequently we may
encounter problems of this kind. It may prove important to direct the
engineered protein to a particular compartment of the plant cell in
order to allow it to function.

For some kinds of genetic engineering objectives, it will be
important to direct the expression of the foreign gene precisely.
Although results available thus far are encouraging (Broglie et al.
1984, Herrera-Estrella et al. 1984), the chimeric gene approach may not
solve all problems in this area. We may find that the position at which
the foreign gene is inserted in the host plant genome affects the
outcome. There are already isolated reports of changes in gene
expression after the new gene is transmitted by seed.

This 1li t of challenges clearly shows that the genetic engineer
still has important work ahead. There are few agriculturally
significant objectives that can be approached with complete confidence
today.

STRATEGIC PROBLEMS

In addition to the scientific problems outlined above, companies
working in genetic engineering face strategic problems in evaluating
project alternatives. It is not clear how to protect a product that is
a genetically engineered plant (Williams 1984). It is not clear whether
genetically engineered plants will, like novel chemicals, come under
governmental regulation. The criteria for acceptance, if regulation
comes into being, are completely unknown. These two important problems
introduce an element of risk into all genetic engineering projects.

An additional strategic problem in evaluation of many genetic

engineering projects is the estimation of their marketability. Genetic
engineers could, in principle, produce plant genotypes so novel that
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their marketability is completely unkown. For example, who will buy
high-protein potato tubers? Will they be susceptible to attack by new
kinds of pests? Will they require storage at temperatures inconsistent
with maintenance of the starch content? Will they have acceptable taste
and texture? Will the yield suffer?

CONCLUSIONS

Impressive progress in plant genetic engineering over the last five
years seems to predict a bright outcome to the significant scientific
challenges remaining. The problems of protectability and regulation add
an element of risk to all genetic engineering projects. The most novel
products to emerge from this new technology will carry the added
business risk of unpredictable marketability. It is clear that the
technology of plant genetic engineering is well-suited to certain kinds
of crop improvements. For other problems, it may never be useful.
Genetic engineering will provide plant breeders with a unigue new source
of genetic traits that will make significant contributions to
traditional breeding programs by the turn of the century.
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FREQUENCY OF SPRING BARLEY DAMAGE BY LEATHERJACKETS IN NORTHERN IRELAND

R.P. BLACKSHAW
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ABSTRACT

Northern Ireland grass supports large numbers of
leatherjackets but reports of leatherjacket damage to spring
barley are infrequent. It was postulated that this was because
cultivation reduced numbers and populations above a pre-
cultivation threshold were not common. This hypothesis was
tested by comparing the results of surveys of leatherjacket
numbers in brairding spring barley in 1983 and 1984 with the
predicted frequency of populatiops above an estimated pre-
cultivation threshold of 1.9 m ha™*, derived from 19 years data
on populations in grass. No significant difference was found
between actual and predicted frequencies of economically damaging
populations.

INTRODUCTION

Leatherjackets (Tipula spp.) have 1ong been considered as one of the
few serious pests of spring barley in Northern Ireland. Consequently an
annual leatherjacket survey has been undertaken since the winter of
1965/66. This survey samples leatherjacket populations in established
grass and is used to forecast the likelihood of Teatherjacket damage to
spring-sown cereals. However, even in years such as 1984 when
leatherjackets have been particularly numerous and caused extensive damage
to grass swards reports of damage to spring barley are relatively few.

A feature of leatherjacket populations in Northern Ireland grass is
that although high average populations are maintained the range of
population sizes is less than in other areas of the UK (Blackshaw, 1983).
Since mortality due to cultivation has been reported as 75% in Northern
Ireland (Anon, 1976) it is possible that few fields have pre-cultivation
populations of sufficient magnitude to leave numbers above the spray
threshold in the crop. A study was therefore made of the frequency of
damaging populations in spring barley in 1983 and 1984 and this was
compared to the expected probability of a damaging population occurring.

METHODS

In 1983 and 1984 a number of brairding spring-barley crops were
examined for the presence of Teatherjackets by searching twenty 30 cm
lengths of drill per field. The number of leatherjackets found and other
information, most notably the number of cultivations the field had
undergone since Jlast in grass, were recorded. Populations were converted
to thousands ha~l.

Separate years of the annual leatherjacket survey results were
allocated to Teatherjacket risk categories on the basis of the qgan annual
population. Three rfsk classes were used; 1o¥ (< 400,000 ha~*), medium
(400,000-675,000 ha~*) and high (> 675,000 ha~*). Probabijlities for the
occurrence of field populations were calculated for each risk category.
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Fig. 1 Probabilities of leatherjacket population sizes with changing
risk categories
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RESULTS

The mean leatherjacket populations found in the spring barley survey
are shown in Table 1. The spray threshold, as recommended by ADAS, is 15
leatherjackets pir ten 30 cm drill lengths examined at 18 cm drill spacings
(c 280,000 ha~ Only three fields in 1983 and two in 1984 had
popu]at1ons above this threshold and these were in fields out of grass.
The populations found for fields in their first year of cultivation were
compared (t-test) with the pooled data for fields that had undergone more
than one cultivation. The fields out of grass had significantly more
Teatherjackets in both 1983 (P<0.001) and 1984 (P<0.05).

Table 1 Mean leatherjacket numbers (ha'l) in brairding spring barley
categorised by the number of cultivations undergone by a field

Number of cultivations
3 4

122,413 , , : . i
105,735 , i : - i
31 2 . -

110,547 ~ . 37,383 9,346
171,984 > s - 13,5217
2

24 1]

The probability distribution of the three risk categories for
leatherjacket attack in any year are shown in Fig. 1. An approximation to
the reduction in leatherjacket numbers occurring between the time of the
survey (January/February) and brairding (late April/early June) was made by
comparing the mean annual 1eathe{3acket population in grass for 1983
(757,000 ha~*) and 1984 (854,000 ha~*) with the respective mean numbers in
fields in their first year of cult1vation (Table 1). The mean reduction
was 85.4%. Given a threshold of 280,000 ha™*, only fields that have
populations in excess of 1,918,000 ha™* in January/February will result in
economically damaging numbers after cultivation.

Both 1983 and 1984 were high risk years for leatherjacket damage. 1In
a high risk year the sum of the probabilities of a field population >
1,918,000 ha-l indicates an expected rate of economically damaging
populations of 6.7%. Pooling the data for 1983 and 1984 shows that there
were five fields with damaging populations out of 55 samq1 The expected
number of grass fields with populations > 1,918,000 ha™* was 3.69. There
was no evgdence for a s1gn1f1cant difference between observed and expected
values = 0.356) using Yates' correction for continuity (Snedecor and
Cochrane 1973)

DISCUSSION

Only those spring barley fields in their first year of cultivation
after grass were at risk of economic damage by leatherjackets. The
predicted levels of damaging leatherjacket populations in spring barley in
high risk years did not differ significantly from those observed in the
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field. If the probability levels do provide a reasonable means of
estimating the likelihood of damaging numbers cccurring then, in low risk
years we would expect 0.4% of fields to have damaging populations and in
medium risk years 5.2%.

The frequency of damaging populations in spring barley largely depends
upon two interacting factors; population distribution and the effects of
cultivation on leatherjacket numbers. Cultivation effects are drastic
enough to ensure that a high pre-cultivation population is necessary to
result in numbers in excess of the economic threshold in the crop and the
distribution of field populations in Northern Ireland means that these
populations do not frequently occur.
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WEED GRASSES AS HOSTS OF CEREAL APHIDS AND EFFECTS OF HERBICIDES ON APHID
SURVIVAL

B.D. SMITH, D.A. KENDALL, M.A. WRIGHT

Long Ashton Research Station, University of Bristol, LONG ASHTON, Bristol
BS18 9AF

ABSTRACT

The susceptibility to cereal aphids of a selection of grass weeds
commonly found in cereal crops was studied by measuring some
aspects of the settling and reproductive behaviour of
Rhopalosiphum padi and Sitobion avenae. Both aphids reproduced
ET%HT{iuantT? better on some weed gf;gsws than on others.
Prediction of the risk of aphid infestation on cereal crops may
need to include reference to plant species in assessments of
distribution and abundance of weeds.

Herbicides commonly used to control grass were sprayed onto a
weedy stubble and changes in aphid populations measured. Aphids
survived longer following glyphosate than paraquat/diquat treat-
ment. Herbicide choice may affect risk to ceveals.

INTRODUCTION

The bird-cherry aphid, Rhopalosiphum padi, and the grain aphid,
Sitobion avenae, are important vectors of barley yellow dwarf virus between

cereals and prasses (Plumb, 1977). Cereals may be infested with aphids
coming from grasses in a variety of situations: grass leys, permanent
pasture, hedgerows and field margins, grass weeds within crops, and grass
weeds between crops (the 'green bridge').

In a recent survey by the Weed Research Organisation (Chancellor and
Froud-Williams, 1984) the most common grass weeds of cereals in central
Southern England were found to be Agropyron vepens (couch grass), Avena

fatua (wild oat), Alopecurus myosuroides (black grass) and Poa trivialis
datua » alopecurus myosurold & 208 triylalls

(rough meadow grass). Other common grass weeds are Bromus sterilis

(barren brome), Poa annua (annual meadow grass), Agrostis gigantea (black
bent), Phleum pratense (large leaved timothy grass), Arrhenatherum elatius

(onion couch or false oat grass) and Phalaris paradoxa (canary grass).

Some of these grasses were included in a group of 20 tested for
susceptiblity to aphid infestation (Wright, Smith and Kendall, 1984); large
differences in susceptibility were found between the grass species, up to
three-fold with R. padi.

We report here results of similar tests with other important grass
weeds of cereals and for comparison some of the most susceptible and most
resistant species identified in earlier work have been included.

Herbicides are used to kill grass and other weeds before new crops are
established. The effects of two commonly used herbicides on aphid
populations in a stubble containing large populations of grass weeds are
described.




2A—2

MATERTIALS AND METHODS

The suitability of grasses for aphid settling was assessed on leaves of
two ages cut from potted plants of 9 grass species. The leaves were either
fully grown (mature)or half grown (young). Cut ends were put in water
through a slit in a parafilm membrane. Single apterous &4th instar aphids
were placed at the base of each leaf and their behaviour noted in a 3 min
period; 10 different aphids were used on each grass species. Aphids for
all tests were taken from a clonal culture on oats cv. Blenda. The
position on the leaf where aphids eventually settled was also noted (base,
mid part or tip).

Aphid reproduction was measured on single plants grown in pots and
kept in a growth room with a 16 h day, day temp 189C and night temp 15°C.
Ten apterous 4th instar R. padi or S. avenae were placed on each plant when
it had a total leaf area of 4-500 cm2. The number of offspring produced in
10 days from the onset of reproduction was noted in each of 10 replicates.

Reproduction was also measured in the same way on plants of Poa annua
either when flower-heads were present or on plants from which flower-heads
were removed.

The influence of herbicides on aphid populations was assessed on
4 x 4 m plots in an unreplicated field experiment at Long Ashton. Either
paraquat + diquat (Cleansweep, 4 litres/ha) or glyphosate (Roundup, 4 litres
/ha) was sprayed onto a barley stubble on 8 August 1983, which by then was
densely covered with a mixture of grass weeds. Aphid population samples
were taken every few days from different places in treated areas and from
neighbouring untreated plots using a 'D-vac' suction sampling machine.

RESULTS

Aphid behaviour and reproduction on grasses

Table 1 shows that significantly more R. padi settled at the base of
the leaf than at the tip in contrast to S. avenae which preferred the leaf
tips. This is consistent with their known field behaviour.

Table 2 shows that taking all grasses rogether significantly more
R. padi than S. avenae settled on young leaves in less than 2 mins but
there was no difference between species on mature leaves. Analysis of
settling on individual grasses however showed that whilst R. padi settled
more readily on some grass species the reverse was true for other grasses.




TABLE 1

Number of aphids, out of a sample of 10, settling on different
parts of leaves. Average of all grasses

Base

Leaves
Mature R. padi

S. avenae
. padi

. avenae .7

Overall . padi 5.6
XXk ns
. avenae 1.35 ? 4.20

SED (mature and young leaves) 0.601 0.670
SED (overall means) 0.425 0.474

Significant differences P = 0.01 indicated by ** and
P = 0.05 by *
TABLE 2

Number of aphids, out of a sample of 10, settling within different periods.
Average of all grasses

Leaves
Mature R. padi

avenae
. padi

. avenae

. padi

. avenae

SED (mature and young leaves)
SED (overall means)
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Table 3 shows that aphids reproduced significantly better on some
grasses than on others. Bromus erectus was least suitable for reproduction
and the order of preference was very similar for both aphids, the only
differences being that there were more R. padi en Bromus Stcrxllq than on

Poa annua, whilst the reverse applied to S. avenae.

TABLE 3

[Number of &4th and 5th instar aphids produced by 10 aphids in
v
10 days from the onset of reproduction

S. avenae

(a) Bromus erectus (upright-brome) «35
(b) Agropyron repens (couch) .40
(c) Agroctls Elganted (blakk b;nt) .53
(d) .16
(e) Phalaris paradoxa (Lanary EIJSS) .81
(f) Alopecurus myosuroides (black grass) <07
(g) Poa annua (annual meadow grass) 530

(h) Hordeum murinum (wall barley) 41

(1) Bromus Sttrlll% (barren brome) 47
}

SED = 0.371 fa < - < d < efghi
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Table 4 shows that the aphid species differed in their reproductive
capacity when they fed on Poa annua plants with flowerheads and plants of
the same age from which flowerheads had been removed. S. avenea reproduced
significantly better on plants with flowerheads unlike ﬁ. E;di, but the
latter was again somewhat more successful than S. avenea on this grass.
Whilst such differences were not large they could have considerable

influence on the size of field populations after several generations.

TABLE 4

J Number of 4th and 5th instar aphids produced
by 10 aphids in 10 days from the onset of
reproduction on Poa annua

R. padi

15

+ flowerheads 1235
ns

- flowerheads 11.80
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Effects of herbicides on aphid survival

Fig. 1 shows that aphids survived longer on glyphosate treated than on
paraquat/diquat treated plants. Whilst aphid populations had fallen 5 days
after paraquat/diquat treatment a similar population decline was not reached
on glyphosate treated grass for at least a further week. It was observed
that plants died more quickly when treated with paraquat/diquat.

1207

100 - Control

Aphid Nos.
as % of 80 4

Untreated Paraqual
Glyphosate
60 -
40

___________——.
®

T T T T T T 1

4 6 8 10 12 14 16

Days After Treatment

Fig. 1. Effect of paraquat/diquat or glyphosate sprays on aphid survival
in grass.

DISCUSSION

Whilst all the grass weeds in these experiments could act as alternate
hosts for the two main cereal aphid species, and most aphids settled to
feed on them within 2 minutes, R. padi was generally more successful than
S. avenae. R. padi is usually associated with transmission of the most
Hﬁmagin@ﬁstrgin;_ET Barley Yellow Dwarf Virus from grass to cereals. It has
been shown (Wright, Smith and Kendall, 1984) that grasses, including some
cereal weeds, can vary in their suitability as aphid hosts and in these
experiments other cereal weed grasses ranged between similar extremes.
Comparison of results reported here with those previously obtained shows
that among the least susceptible cereal weed grasses are Agropyron repens,
Arrhenatherum elatius, Phleum pratense and Agrostis gigantea whilst among
‘the best aphid>hosts are Bromus stur?ﬁ?é, Avena fatua, Poa annua and
Alopecurus myosuroides. Settling and reproduction appear to be related and
the correlation is most marked, with both aphid species, for aphids settling
on mature leaves in less than 2 mins. Reproduction, and possibly virus
spread, can be influenced by species but also by the age and nature of plant
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tissue, as shown by the experiments with Poa annua, and in assessments of
the importance of different sources of aphids and virus it may be necessary
to combine information on distribution and density of host plant species

with growth stage.

Differences in aphid survival after glyphosate compared with paraquat/
diquat treatment could affect the risk of Barley Yellow Dwarf Virus
infection spreading to following cereal crops, particularly if time is short
between herbicide treatment and emergence.

We are currently investigating relationships between aphid suitability
and virus infection in the main cereal weeds, and in collaboration with
ADAS, the influence of herbicide treatments at different times on the
carryover of aphids and virus from grass weeds in stubbles, and from grass
leys, to cereal crops.
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FACTORS AFFECTING CEREAL APHIDS IN FIELDS MONITORED BY RISCAMS IN 1983
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ABSTRACT

In a survey of wheat fields in the vicinity of three RIS
suction traps in Eastern England in 1983 the greatest numbers
of aphids, especially Sitobion avenae, were recorded in the
Broom's Barn area, and the least near Rothamsted in
Hertfordshire. Within each area insecticides had the greatest
effect on aphid numbers, but on unsprayed fields, early sown
crops supported more aphids than late sown. In the Writtle
area, less S. avenae were found on Rapier wheat than on other
varieties. Few fields had damaging levels of aphids due
largely to the depredations of natural enemies.

INTRODUCTION

In 1982, the Rothamsted Insect Survey Cereal Aphid Monitoring Scheme
(RISCAMS) surveyed 100 wheat fields in the vicinity of suction traps at
Rothamsted in Hertfordshire, Writtle in Essex and Broom's Barn in Suffolk,
to identify factors contributing to the variance in aphid numbers between
fields within and between different regions (Dewar, 1983). However aphid
numbers were generally low in all three areas in that year resulting in
little measurable variation, which was further reduced by differential
predation which masked the effects of agricultural practices on aphid
density. The survey was continued in 1983 in the same three areas in the
hope that, with greater aphid numbers, the effect of these agricultural
practices could be better quantified. The 1983 results are presented in

this paper.

MATERIALS AND METHODS

In 1983, ninety-seven wheat fields, all within 35 km of one of the
three RIS suction traps at Rothamsted, Broom's Barn and Writtle (Fig. 1),
were monitored for four weeks in June and early dJuly by three non-
entomologists trained in aphid identification, sampling procedures and data
recording. The numbers of Sitobion avenae, Metopolophium dirhodum and
Rhopalosiphum padi present were estimated by counting the proportion of
tillers infected with each species and converting this figure to actual
density using published regression equations (Rabbinge et al., 1980). In
practice R. padi was rare and data on this species is not presented here.
For each Tield records were obtained,of the cultural and chemical
treatments applied, the general topography, growth stage of the crop, and
presence of the more easily recognisable natural enemies, such as
coccinellids, syrphids, lacewings, parasite mummies and aphids infected
with Entomophthora.
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Fig 1. RISCAMS sample sites in 1983. Circles denote 35 km radius from
suction traps at Rothamsted (RT), Broom's Barn (BB) and Writtle (WT).

RESULTS

Regional differences

Aphids in 1983 were much more abundant than in the previous year and
there was much greater variation between fields within and especially
between regions. S. avenae was the predominant species in all fields with
M. dirhodum present only in very low numbers. The highest individual peak
density (>25 S. avenae per tiller) was recorded in a field near the Essex
coast, but the highest average densities were found in the Broom's Barn
zone, while numbers in the Rothamsted zone were generally lower than the
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Fig 2. The number of S. avenae (-@~) and M. dirhodum (—&—) per tiller in
wheat fields near Rothamsted, Broom's Barn and Writtle in 1983.

The effect of insecticides
Insecticides, not surprisingly, had the greatest effect on aphid
numbers and their effect is considered separately from the other factors.

The use of insecticides in the summer varied considerably between
regions, but reflected the comparative abundance of aphids in unsprayed
fields in those regions. Over 77% of fields in the Broom's Barn zone were
sprayed at least once, while 56% of those in the Writtle zone and only 29%
of those in the Rothamsted zone received an aphicide. Sprayed fields were
treated with either pirimicarb (56% of sprayed fields) demeton-S-methyl
(22%) or dimethoate (22%), but the effectiveness of each product could not
be evaluated in this survey as the fields were sampled at different times
after treatment. Most sprayed fields (87%) received only one spray but
several (11%) were sprayed twice and one received three sprays.

The only sample fields to receive autumn-applied insecticides were in
the Broom's Barn zone where they were used primarily to control Barley
Yellow Dwarf Virus (BYDV) in early sown crops. Of the thirteen sprayed
fields, ten were treated with cypermethrin, two with deltamethrin and one
with dimethoate. There were fewer aphids in these autumn-sprayed fields
than in untreated fields at the beginning of June, but, since most of them
(11) were sprayed with another aphicide during the sampling period, it was
not possible to determine whether this difference would have persisted,
except in the two fields which were not sprayed. In these latter fields,

numbers never rose above 2 per tiller.

The effect of other factors
Analyses of the effect of agricultural practices, other than
insecticide use, on aphid abundance could only be done on fields not
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receiving an insecticide. Thus, all the fields receiving an autumn
insecticide and a few that had been sprayed before the survey commenced

were excluded from the subsequent analyses. To maximise the number of
remaining fields, especially in the Broom's Barn zone, data from those that
were eventually sprayed were included in the analyses up until the date of
spraying. Although this procedure led to different numbers of fields being
included in the analyses from week to week, it resulted in more replicates
of each factor being examined, at least in the first week or two of the
survey. Only those factors which showed significant differences are
discussed here.

(a) Sowing date. More aphids (mainly S. avenae) were found in crops
sown before 14 October than crops sown later throughout the sampling period
in the Rothamsted and Writtle zones and for the first three weeks in the
Broom's Barn zone (Table 1). Late sown crops at Broom's Barn eventually

supported higher populations than early sowings.
TABLE 1

Mean aphid numbers (per tiller) in unsprayed wheat crops sown before and
after 14 October the previous year.

AREA

Sample week Rothamsted Broom's Barn Writtle
in June

sown sown sown sown Sown sown
early late early late early late

0.21(11) 0.11(23) 1.19(8) 0.13(9) 1.12(9) 1.67(23)
0.23(11) 0.15(21) 1.85(8) 0.41(9) 3.31(9) 0.58(20)
0.61(11) 0.46(17) 2.44(6) 2.09(9) 4.13(8) 1.31(20)

1.70(9) 0.95(15) 3.39(4) 5.23(9) 3.28(3) 1.38(13)

( ) refer to the number of fields in each category.

The larger number of aphids in the early sown crops was attributed to
their colonisation by alate aphids after emergence in the autumn., Late
sown crops avoided this immigration as they did not emerge until after the
autumn migration had ceased in early November (Taylor et al., 1983). S.
avenae increased gradually throughout the mild winter of 1982/83 on early-
sown crops (Dewar and Carter, 1984) giving rise to the higher observed
densities, which persisted until early July at Rothamsted and Writtle, and
late June at Broom's Barn.

(b) Varieties. Seventeen varieties or mixtures of varieties were
sown in the sample fields in 1983. Avalon and Norman were the most common
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varieties at Rothamsted and Broom's Barn but Rapier was most popular at
Writtle. Meaningful comparisons between these three varieties could only
be made in the Writtle zone where a number of fields were sown to each
variety.

Fewer S. avenae were recorded on Rapier than on Avalon and Norman
(Table 2). "These results confirmed other unpublished observations in
variety trials at Rothamsted when Rapier supported the lowest number of
aphids. Rapier was also found to be relatively resistant in breeding
trials at Cambridge (Lowe, 1982, 1984; and unpublished data).

TABLE 2

Mean number of S. avenae per tiller found on three varieties of wheat in
the Writtle area in 1983.

VARIETY

Sample week
in June Avalon Norman

1.21 (7) 1.00 (5)
1.08 (6) 1.24 (5)
2.28 (6) 2.63 (5)

2.76 (4) 2.40 (2)

() refer to the number of fields in each category.

0f the other varieties which were unsprayed, there were no obvious and
consistent differences in aphid numbers. The highest density (>25 per
tiller) was recorded in a field of Highbury - normally a spring variety,
but in this case sown in early October - but this result could be
attributed to the Tocation of the field on the Essex coast, where aphid
overwintering is traditionally more successful than elsewhere.

(c) Natural enemies. The method of recording the abundance of
natural enemies was not rigorous enough to allow statistical comparisons
between fields or regions, but the observations made suggested that they
were an important contributing factor limiting aphid numbers in many of the
fields. Detailed observations in trials at Rothamsted confirmed that
coccinellid, syrphid and lacewing larvae were the most important natural
enemy groups present in 1983 (Powell, unpublished data).

CONCLUSIONS

The RISCAMS survey in 1983 identified insecticide use, sowing date and
choice of variety as factors influencing the abundance of aphids within a
region, but the greatest variation occurred between regions. Surveys of
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this kind can help to pinpoint areas of the country which are most at risk
from aphids and can identify agricultural practices which exacerbate aphid
attack especially when insecticides are not applied. However the greatest
difference observed in the survey was between 1983 and 1982, thus
illustrating the need to continue RISCAMS in future years in order to
understand better the complex interactions between aphids and their host
crops.
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ABSTRACT

Evidence for both antixenotic and antibiotic resistance to the
grain aphid, Sitobion avenae, in wheat is presented. The
combined impact of these resistances on field populations of
S.avenae was studied in 2 years of field trials and more
extensively by means of a simulation model. Both of these
assessments indicated that by sowing resistant cultivars
aphid infestations can be reduced on average by 75%. Greater
reductions may be achieved by utilizing awned and early
maturing cultivars, although the latter character is
constrained by yield requirements. Nevertneless regular
reductions of aphid numbers by 85% are feasible. This would
decrease the frequency of aphid outbreaks and lessen tne need
for routine applications of insecticide during the summer.

INTRODUCTION

Tne prediction of pest outbreaks and the formulation of more
biologically based metnods of pest control are the two major approaches
to reducing tne high usage of insecticides on crops. This paper
considers the latter. with respect to nost-plant resistance, wnich is
widely acknowledged as an important component of pest management
scnemes. As yet. however, few crop cultivars resistant to insects have
been developed in the UK.

The grain apnid, Sitobion avenae, remains a prominent pest of
cereals in the UK and Carter, McLean, Watt & Dixon (1980) stated that
resistance was tne most viable alternative to insecticidal control.
Partial resistance in wneat to this aphid is well documented (Lowe,1980;
1981; 1984; Kay. Wratten & Stokes. 1981; Sotherton & van Emden, 1982;
Lee. 1984). In the lignht of this, a series of laboratory, field and
simulation model studies were carried out in order to determine the
level of control of tne grain apnid that could be acnieved on wheat
through utilizing resistance.

MATERIALS AND METHODS

Laboratory tests
A number of experiments were conducted at 20 C and a 16 hour

pnotoperiod to assess antibiosis in 4 spring wheat cultivars and
potential cultivars, 708/41, 320/30, Sandown and QY1/59. known to
represent the extremes of resistance to S.avenae (Lowe, 1984).
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Adult apterous S.avenae taken from culture were clip-caged on the
flag leaf of wheat plants at developmental stage (d.s) 38 and allowed to
reproduce one nymph before being removed. The nymphal developmental
time, nymphal mortality and 15 day reproduction, up to d.s 61, of these
individually caged aphids were measured on each of tne four wheat
stocks.

From these data and those of a similar experiment, estimates of two
widely recognized indices; mean relative growth rate (RGR) (van Emden,
1969), and the intrinsic rate of natural increase (r,) (Wyatt & White,
1977). were calculated for aphids feeding on each cultivar, thus
enabling the results to be compared with those of other workers.

Similar data on aphid performance were collected for aphids feeding
on tne ears of each cultivar from d.s 59-73.

Field trials

In 1983, 6 spring wheats, 708/41, 320/30, Sandown, QY1/59, 1199/298
and 896/12. were sown at two sites 1km apart at the Plant Breeding
Institute, Cambridge. They were sown in randomized blocks, witn one plot
per cultivar per block. Each plot measured 7.6 x 5.2m. Natural
infestations of each cultivar were monitored from tillering onwards,
until the peak populations were reached. 50 tillers per plot were
sampled each week and the aphids were recorded by morph and instar.
Similarly in 1984, plots of 708/41, 320/30, Sandown, QY1/59, 1169 and
Newmarket were sown on a single site at Cambridge, using a similar
experimental layout. The aphid populations on these plots were monitored
as above. The peak aphid populations on each cultivar in each year were
compared.

A measure of antixenosis was obtained by summing the number of
alates counted on each cultivar in 1983. This gives a good estimate of
alate colonization as alates produced on the crop remain tnere for only
a short period (Rabbinge, Ankersmit & Pak. 1979).

Simulations

To give a more extensive appraisal of the impact of resistance in
the field, the resistance was studied by means of a simulation model
that describes the population development of S.avenae on wheat. A full
description of the model is given in Carter, Dixon & Rabbinge (1982).

Antibiosis was simulated by incorporating the aphid reproductive
and developmental rates on each cultivar, measured in the laboratory
tests, in to the model. Antixenosis was simulated by varying tne number
of alates colonizing each cultivar and this was estimated from the
counts of alates made in the field. The model was run with thnis aphid
data along with the metereological, suction trap and natural enemy data
for Norfolk 1976-81. Then the predicted levels of reduction due to the
resistance in each year were applied to the peak numbers of aphids
observed in fields of cv. M.Huntsman, a highly susceptible cultivar
(Lowe, 1980;1981), in Norfolk from 1976-81. This gave an estimate of the




peak numbers of apnids in those years, had resistant cultivars been
grown.

The predicted range of infestation on tne most resistant and most
susceptible cultivars were compared with the actual range of infestation
observed in tne field in 1983 and 1984.

The value of the observed and predicted levels of resistance was
considered in terms of reducing outbreaks of S.avenae and hence reducing
tne incidence of prophylactic spraying of insecticides against tnis
apnid.

RESULTS

The expression of antibiosis as estimated by RGR and r. was not
very dramatic (Table 1). For example, the difference in r, between
cultivars is less than that between apterous and alate morpns of
S.avenae (Watt, 1979).

TABLE 1

Tne range of antibiosis expressed by 4
spring wheat cultivars., summarized as
RGR and r_ .

Cultivar
708/41 320/30 Sandown QY1/59
P 0.290 0.299 0.322 0.291

~

RGR 0.331 0.360 0.414 0.366

However, there is a four fold difference in alate colonization due
to antixenosis (Table 2), and because this antixenosis is associated
witn moderate levels of antibiosis the combined effect of the
resistances is very significant.

The resistance was expressed consistently in the field in 1983 and
1984. There were up to 90% fewer aphids on 320/30, the most resistant
cultivar. compared with the most susceptible cultivar. Sandown (Table

3J.
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TABLE 2

The number of alate S.avenae counted on 6 spring wheat cultivars on two
sites in 1983.

Cultivar
708/41 320/30 Sandown QY1/59 1199/298 896/12
Site 1 67 37 144 126 119

Site 2 58 217 134 104 132

(*¥** denotes significance at p<0.001)

Table 3

The peak numbers of S.avenae/tiller on naturally infested field plots in
1983 (2 sites) and 1984.

Cultivar
Year 708/41 320/30 S/down QY1/59 896/12 1199/298 1169 N/mkt H* sig.
1983  2.86 .12 4.18  4.84 3.06 3.88 Yr.i6 *xE
1.48 0.78 3.60 2.52 1.98 3.82

1984 T+93 353 37.58 0547 - 13,17 1690 104.0 ***

(Tt Kruskal-Wallis one way analysis of variance. *** denotes
significance at p<0.001)

The simulation studies revealed a similar level of resistance. Had
cultivars with resistance equal to that of 320/30 been grown during tne
period 1976-80 in Norfolk it is predicted that the numbers of aphids
infesting wneat would have been up to 75% fewer than those actually
observed on fields of cv.M.Huntsman. In 1981, when aphids overwintered
on the crop, the resistance was expressed less strongly (Table 4).




TABLE 4

The peak number of S.avenae/tiller observed on fields of cv. M.Huntsman
in Norfolk from 1976-81 and the predicted peak populations had a
resistant cultivar been grown.

Observed peak Predicted peak

(susceptible cv.) (resistant cv.)

4.
88.
5
9.
39.
Ts

DISCUSSION

Ine implication of tnese studies is that resistant cultivars would
regularly support 75% fewer S.avenae than susceptible wheat cultivars.
When aphids overwinter on the crop the resistance is less marked, due to
tnhe reduced effect of antixenosis. However, overwintering is not common
as autumn populations of S.avenae are often sprayed to protect crops
from the spread of Barley Yellow Dwarf Virus of which S.avenae is a
vector (Plumb, 1974).

The definition of an apnid outbreak causing economic damage varies
between authors (Vickerman & Wratten, 1979) but can be estimated as
20-30 aphids/tiller at peak. By tnis definition there were 3 outbreaks
in Norfolk between 1976 and 1981, and it is suggested that if resistant
cultivars had been grown tnese would not have occurred. Also, in the
field in 1984, damage of economic importance would nave been caused by
tne apnid infestations on the susceptible but not the resistant
cultivars. This reduction in outbreak frequency would make propnylactic
spraying of insecticide very uneconomic. Watt (1983) suggested tnat with
an outbreak probability of 0.2 or less prophylaxis should not be
considered.

Early maturing cultivars support fewer apnids than late maturing
cultivars (Acreman & Dixon. in prep) and awned cultivars support up to
40% fewer apnids than comparable awnless ones (Acreman, unpublished).
Hence cultivars could be found wnich would regularly reduce apnhid
infestations of wneat by 85%. Even so, in years wnen S.avenae is
particularly abundant (e.g Kolbe, 1969, recorded 200 aphids/tiller), the
resistance would need to be supplemented witn insecticides to prevent
economic damage.

In tne long term it may be possible to transfer tne strong
resistance to §;avenue observed in ancient wheats (Sotnerton & van
Emden. 1982; Lee. 1983) to modern whneat cultivars. Already tne
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resistance known to exist in modern cultivars could largely replace the
routine insecticidal applications now used to control S.avenae.
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PREVENTION OF BARLEY YELLOW DWARF VIRUS (BYDV) AND CONTROL OF YELLOW CEREAL
FLY (OPOMYZA FLORUM) IN WINTER CEREALS WITH DELTAMETHRIN
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ABSTRACT

Trials carried out in the U.K. between 1980 and 1984 have demonstrated
that deltamethrin, a synthetic pyrethroid, applied at 5.0-7.5 g a.i./ha
is a very effective treatment for controlling aphid vectors and thus
reducing the incidence of BYDV in winter cereals. In addition,
autumn/winter applications aimed at BYDV prevention have also given

a useful control of Opomyza florum. Sprays applied at egg-hatch of
this pest in late winter/early spring have similarly shown a good
reduction of 'dead-heart' symptoms. This paper reports and discusses
the results of these trials and compares with several years'

experience of similar usage of deltamethrin in France.

INTRODUCTION

With the continuing intensification of winter cereals, especially winter
barley, the incidence and importance of BYDV (barley yellow dwarf virus) has
become a major consideration among arable farmers over the last few seasons.
The virus is transmitted by aphids, particularly Rhopalosiphum padi (bird
cherry aphid), which migrate into newly-emerged cereal crops in the autumn.
Recent evidence also implicates Sitobium avenae (grain aphid) as a further
carrier. Winged aphid migration continues until late October/early November,
so crops emerging before this time are at risk from BYDV. As drilling dates
for winter cereals are tending to be earlier, this represents the majority
of crops grown.

Most infection is spread by wingless progeny of the invading aphids, and
symptoms, in the form of patches of stunted and discoloured plants, do not
normally show up until early spring. By this time, it is generally too late
to treat as the only effective control measure is to prevent viral trans-—
mission in the autumn. All types of winter cereal may be affected, although
traditionally winter barley is most seriously hit.

In addition to BYDV, attacks from Opomyza florum (yellow cereal fly)
have become a further threat to winter wheat growers. This pest causes 'dead-
heart' symptoms, similar to those of Delia coarctata (wheat bulb fly). Severe
attacks may lead to uneven ripening and a reduction in grain quality.
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