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ABSTRACT: Various factors influencing the amount of disease on the stem-base of wheat, when grown as a component
of a bicrap, with white clover, are described. The amount of crop debris on the soil surface remained higher in monocrop
than bicropped plots. Furthermore, the rate of debris decay was faster in bicrops than in monocrops. Population levels
of P. herpotrichoides and Fusarium spp. were higher on debris within bicrops than en debris within menocrap plots.
However, because debris decamposition was more rapid in bicrops, inoculum availability was of shorter duration in bicrops
than monocrop plots. In soil, populations of P. kerpotrichoides were greater in bicropped plots than in monoerops,
although no significant differences were ohserved for Fusarium spp. population levels. Pathogen cress-infection between
bicrop components and changes in microclimate within crop canopies were shown to occur, and isolates of Fusarim from
clover were shown to induce significant levels of disease on cercal seedlings. The effects of each of these factors on
disease development are discussed in relation to previous reports of disease levels in the field.

cereal-clover bicropping system, which utilises

white clover (Trifolium repens 1..) as a permanent
understorey, has previously been shown to have
considerable potential for growing winter cereals with
greatly reduced inputs of agrochemicals, especially
nitrogen (Jones and Clements, 1993). However,
although Soleimani (1977) and Soleimani er al. (1999)
have shown that the severities of fusarium foot-rot and
evespot respectively tend to increase with successive
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seasons at a faster rate in bicrops than in monocrops,
the causes of this increase in disease have not been
clarified.

Pseudocercosporella  herpotrichoides  (Fron)
Deighton and Fusarium spp. are two of the pathogens
commonly associated with the wheat foot-rot disease
complex. Both pathogens are splash dispersed by
rainfall. Spores are dispersed, in the case of P.
herporrichoides, generally less than 1 m from the
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infection source, although some can travel distances of
up to 2 metres (Fitt and Nijman, 1983). When wheat
is bicropped with an understorey of white clover, the
number of spores dispersed by splash droplets is
significantly reduced (Soleimani er al., 1996). Under
controlled conditions, using simulated rain, it was
found that the number of splash droplets and splash
dispersed spores caught at distances of up to 30 ¢m
from the spore source were approximately halved in a
bicrop compared to a wheat monocrop (Soleimani ef
al., 1996). However, in the field, sufficient inoculum
potential exists for eyespot and fusarium foot-rot levels
to be greater in wheat-clover bicrops than in wheat
monocrops (Soleimani, 1997; Soleimani er al., 1999).
Clearly, other factors are important in determining the
rate of increase in disease severity within bicropping
systems. Temperature and relative humidity at the site
of infection, which is usually below the clover canopy,
are likely to be less variable within a bicrop than in a
wheat monocrop. Spore production on crop debris and
the rate of decomposition of crop debris are also likely
to vary significantly between cropping systems. In the
case of Fusarium species, especially F. avenaceum
which is a known pathogen of clover, there is the
potential for the clover to act as a reservoir of wheat
disease between and within cropping seasons. This
report describes results from a series of experiments
conducted in order to evaluate the effect of various
environmental and biotic factors on wheat stem-base
diseases when grown with white clover as a component
of a bicropping system.

Materials and Methods

Field trials at the Institute for Arable Crops
Research, Long Ashton, UK, were established and
maintained, from 1993-1996, as described by Soleimani
etal. (1999). During 1995/96 wheat straw debris from
the previous season (when treatment locations had been
identical) was collected from 1 m® quadrats laid at 3
locations within the 3 replicates of the 4 experimental
treatments (Table 1). The collected straw was dried to
a constant weight and the mean dry matter m™ for each
treatment was calculated.

Prior to drying, 10 g of the collected straw was
cut to give straw lengths of 1-2 cm. The straw was
washed in 100 ml sterile distilled water containing a
small amount of surfactant (Tween 20) to aid spore
removal. The numbers of Fusarium and P.
herpotrichoides conidia g straw (based on 3 separate
counts from each replicate plot) were calculated for
each treatment.

During the 1994/95 and 1995/96 growing seasons,
soil samples (depth 0-15 cm) were collected from 3

TABLE 1

Summary of treatments used fo evaluate the effect of cereal-
clover bicropping on eyespot development in winter wheat
cv. Hereward.

Treatment Clover cv.* Ploughed
A Donna Mo
B Milkanova MNa
C Mone Mo
D Mone Yes

*ev Donna s a small leaved clover variety, ov. Milkanova has large leaves

randomly located sites within each replicate of the 4
treatments. Soil samples were air dried at 35°C and 10
g of each sample was sieved and used for assessment.
The isolation of pathogen propagules from soil was
done by the dilution plate method (Nelson ef al., 1983)
on selective media for P. herpotrichoides (Sumino et
al., 1990) and Fusarium (Nash and Synder, 1962).
The appropriate dilution factor was selected by
choosing that which gave 10-20 colonies per Petri dish.

The potential of clover to act as a reservoir of
Fusarium infection was assessed during the 1993/94
season. During April and July, 20 clover plants were
taken at random from a diagonal transect of the low
input bicrop treatments (plots A and B, Table 1).
Small segments (0.5 - 1.0 cm) of roots were surface
sterilized in 10% sodium hypochlorite for 5 minutes
followed by rinsing (3 times) in sterile distilled water.
Clover samples were plated on a selective medium
(Nash and Synder, 1962) and incubated at 25°C. The
frequency of isolation (disease incidence) of F.
avenaceum from root pieces was recorded as a
percentage of the roots sampled.

To test the potential of F. avenaceum from clover
to cause disease on wheat, two isolates from clover and
a single isolate from wheat (cv. Hereward), taken from
a sample originating from the same field trial, were
used in cross inoculation tests, Seed of cv. Hereward
was soaked for 1 min. in a suspension of F. avenaceum
spores at a concentration of 2 x 10° conidia ml”'. The
seeds, including controls soaked in sterile distilled
water, were sown in sterilized soil-based compost in 20
cm pots, with 8 seeds per pot. Ilmmediately after
sowing the pots were watered with 50 ml of the F.
avenacewm spore suspension; control pots were
watered with an equivalent volume of sterile distilled
water.,  Four replicate pots were used for each
treatment. Plants were assessed for disease symptoms
after 10 weeks growth in a glasshouse at 20°C using
the disease index rating (DIR) scale of Celetti et al.
(1990). The number of tillers produced by each plant
was also recorded.
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During 1995/96, data loggers (Tinytalk II, RS
Components Ltd, Corby, UK) with appropriate sensors
for recording canopy air temperature and relative
humidity, were installed within crop canopies in the
wheat-clover bicrop and wheat monocrop experimental
plots. Air temperature was measured with thermister
probes placed 15 cm above ground level. Relative
humidity (RH) within crop canopies was recorded with
shielded RH probes placed 15 cm above ground level
in replicate plots. Measurements of temperature and
RH were monitored at 2.4 hour intervals from late
December to the end of the growing season, Before
harvest the data from the loggers was down-loaded and
the mean daily air temperature and RH in each
treatment was calculated.

Results

DEBRIS DECOMPOSITION: Wheat debris persistence in
the crop canopies during the growing season, expressed
as total dry matter (DM) m, is shown in Table 2. The
amounts of debris remained higher in monocrop direct
drilled plots than in other plots. In December the
amount of debris on the soil of bicropped plots (25.5g
m?), was 35% of that on the soil of monocrops (73.3g
m*, Table 2). By June the amount of stubble in bicrop
plots (7.5g m™) was 17.8% of the amount on monocrop

spore production was higher on stubble within bicrops
than on stubble from monocrops. The results were
similar for P. herpotrichoides with the exception of the
final sample date (Table 3). There were no consistent
significant differences between plots with different
clover varieties for either pathogen. Similarly, there
were no consistent differences on spore production
levels, of either pathogen, from stubble collected from
ploughed and non-ploughed monocrop treatments.

PATHOGEN ISOLATION FROM SOIL: Table 4 shows mean
data on pathogen population levels in soil taken from
the four experimental plots. Population levels for both
pathogens were, with the exception of plot B, higher in
1995/96 (third wheat) than 1994/95 (second wheat).
Population levels of P. herpotricheides in bicropped
plots (6.7 and 7.3 propagules g™ in 1994/95, and 10.0
and 4.3 propagules g’ in 1995/96) were significantly
higher (P < 0.05) than in monocropped plots (2.8 and
0.7 propagules g’ in 1994/95, and 3.7 and 4.0
propagules g in 1995/96).

TABLE 2
Amounts of wheat stubble (gm”) persisting in wheat

macocrop and cereal-clover bicrap plots at varieus dates
during the growing season of wheat cv. Hereward.

plots (42.1g m?, Table 2). The amount of debris e S el Lok
within plots of monocrop wheat sown following il e g h
ploughing was low throughout the season (Table 2). 11.02.96 21.8 42.5 1.2
011.03.96 15.6 48.1 2.1
FUSARIUM SPP. AND P. HERPOTRICHOIDES CONIDIAL 08.04.96 0.2 6.4 (.t
PRODUCTION ON CROP DEBRIS: Numbers of conidia (g’ 14.06.96 75 £11 0.4

wheat debris) of Fusarium spp. and P. herpotrichoides
are shown in Table 3. On all sample dates Fusarium

! Amounts of stubble collectad from treatments A and B (see Table 1) were
combined

TABLE 3

Mean number (thousands) of P. herpotrichoides conidia and Fusarium spp. spores g” of wheat stubble in wheat monocrop

and cereal-clover bicrop plots af winter wheat cv. Hereward,

Sample Date
Trearment” 13.12.95 11.02.96 01.03.9 28.04.96 14.06. 9%
P, herpatricholdes
A 6.1 110.0 6.0 Q.0 200
B 111.0 43,5 89.0 13.5 105.10
C 55 23.5 20.0 31.5 0.0
D 220 27.0 28.5 46.5 0.0
LSD 62.0 100.0 50.0 235 39.0
Fusarium Spp
A 61.5 71.5 138.00 121.5 5.0
B 221.5 26.5 227.0 153.5 Ug.5
C 28.0 55.0 109.5 61.0 50.0
D S0.0 16.5 50.5 05.5 0.0
LSD 131.5 32.5 132.0 35.3 44.0

Mean of 3 replicates; * see Table 1
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There were no consistent significant differences in P.
herpotrichoides population levels between plots with
different clover varieties, or between monocrop plots
sown by direct drilling or sown following plough
cultivations. There were no consistent significant
differences in Fusarium spp. levels between monocrop
and bicrop treatments, or between treatments with
different clover varieties, or between monocrops
established following direct drilling and plough
cultivations { Table 4).

ISOLATION OF F. AVENACEUM FROM CLOVER: The
frequency of isolation of F. avenaceum from clover cvs
Donna and Milkanova in April and July 1994 is shown
in Table 5. The isolation frequency of F. avenaceum
increased greatly from low levels in April (3.6% and
6.0% of clover plants yielding isolates in treatments A
and B respectively) to high levels in July (53.0% and
1.0% of clover plants vielding F. avenaceum isolates).
There were no significant differences in disease
incidence between the two clover varieties.

FUSARIUM CROSS INFECTION FrOM CLOVER TO
WHEAT: The mean DIR scores resulting from
inoculation by each F. avenaceum isolate is shown in
Table 6. The DIR was greatest (90.63) in wheat
inoculated with the wheat isolate of F. avenacewm.
Wheat inoculated with F. avenaceum from clover
caused less severe symptoms (DIR = 74.38 and 69.38
for the two isolates) than the wheat isolate but had
significantly (P < 0.05) more severe symptoms than
the control (DIR = 10.00). Wheat tiller number was
shown to be significantly (P < 0.05) lower in plants
inoculated with F. avenaceum isolated from wheat
{1.80 tillers per plant) than in wheat inoculated with F.
avenaceum isolated from clover (3.70 and 3.50 tillers
per plant for the two isolates). Tiller number in the
control plants (3.68 tillers per plant) was not

TABLE 4
Soil population levels' (propagules g’ soil) of P.

herpotrichoides and F. avenaceum in wheat monocrop and
cereal-clover bicrop plots of winter wheat cv. Hereward.

P herpotricoides F. avenaceum

Treatment” 04105 05/9% 94/95 05/96
A 6.7 10.0 20 4.1
B 1.3 4.3 4.1 10
C 28 37 2.5 la
D 0.7 4.0 1.2 3.0
LSD 5 2.3 1.7 4.1

“Mean of 3 replicates; " see Table 1
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TABLE 5

Mean incidence (%) of F. avenaceum infection of clover
from wheat-clover bicrops.

Treatment”
Dhate A B
20.04.94 36 6.0
01.07.84 53.0 61.0

* Mean of 3 replicates; © see Table |

significantly different from tiller number per wheat
plant inoculated with the clover isolates of F.
avenaceun.,

TEMPERATURE AND RELATIVE HUMIDITY DIFFERENCES
BETWEEN MONOCROP AND BICROP CANOPIES: During
the early part of the growing season, when the clover
plants were still close to the ground, temperature
differences between the treatments were small. As the
season progressed the increased clover growth
produced shading at the base of the wheat stems and
consequently temperatures were lower than those in the
monocrop treatments. As a result, between the period
20 March to 5 May, the total number of days when the
mean air temperature was optimum for eyespot
infection (7-8°C, Fitt and White, 1988) was 33 days in
the wheat clover bicrop, and 19 days in the wheat
MONoCrop.

Similarly, during the early part of the season when
wheat and clover growth was slow and the crop
canopies were less than 10 cm in height, there was no
significant difference between the in-crop humidity
levels. As the season progressed, humidity at the
wheat stem-base was higher (>853%) in the wheat-
clover bicrop compared to the wheat monocrop. The
air within the clover canopy remained saturated for
prolonged periods. This occurred during the time
when the clover canopy was developing rapidly,
eventually providing complete ground cover between
the wheat plants. During the 45 day period from 20
March to 5 May the mean daily RH in the bicrop was
greater than 85% on 30 days, the level necessary for
eyespot infection (Fitt and White, 1988). In the wheat
monocrop, over the same period, the number of days
with RH > B5% was 17.

Discussion

Within any intercropping system, including the
wheat-clover bicropping system, different factors are
likely to cause increased or decreased disease pressure.
Soleimani er al. (1996) have shown that within the
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wheat-clover system, the sieving effect of the clover
results in fewer spores of wheat pathogens, such as P.
herpotrichoides, being effectively splash dispersed from
sporulating lesions, or crop debris, to healthy plant
material. Similar results have also been reported for
foliar pathogens of wheat such as Septoria tritici, when
the cereal is grown as an intercrop component (Bannon
and Cooke, 1998). Thus, under the controlled
conditions employed by Soleimani er al. (1996), disease
pressure in an intercrop may be less than in a
monocrop.  Under field conditions, however, there is
likely to be redistribution, by rain splash, of pathogen
spores sieved out by the clover. A proportion of these
redistributed spores will be deposited onto wheat
plants. Indeed, Soleimani er al. (1996) have shown that
such redistribution is greater from clover foliage than
from soil.

In the current study, wheat debris remaining from
the previous cropping season was removed, by
decomposition, at a faster rate in the bicrop than in the
wheat monocrop established by direct drilling of seed
(Table 2). However, Table 3 shows that pathogen
spore  production (Fusarium spp. and P.
herpotrichoides) was greater on debris within the
bicrop compared to the monocrop. Conditions under
the clover canopy, within the bicrop, were presumably
more conducive, in terms of RH, for spore production
than in a wheat monocrop. An analysis of the
relationship between spore production on crop debris in
wheat monocrops and wheat-clover bicrops, at different
levels of input, has indicated a positive relationship
between P. herpotrichoides spore numbers produced
and disease levels expressed as the area under the
evespol disease progress curve (Soleimani, 1997).

~ Table 4 indicates that the soil propagule
population level of P. herpotrichoides was higher in
bicrop plots than monocrop plots. This may be a
reflection of the higher levels of spore production on
crop residue within the bicrop system. Rowe and
Powelson (1973) have shown that crop debris
represents the major source of inoculum for eyespot
infection. It is, therefore, unhikely that the raised level
of propagule population in soils within bicropped
treatments contributed to the increased level of disease
observed in this treatment by Soleimani (1997},

The observation that F. avenaceum disease
incidence on clover can increase to 50% (Table 5) may
have serious implications for an intercropping system
containing crops which share common pathogens. F.
avenaceum is a severe pathogen of wheat in the UK
(Jenkinson and Parry, 1994). It is also recognised as a
serious pathogen of clover and other legumes (Booth,
1971). Ina field survey, most of the Fusarium species
isolated from common broad-leaved weeds were
pathogenic on winter wheat (Jenkinson and Parry,
1994),
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TABLE 6

Mean disease index rating (DIR) and tiller number on
wheat (cv. Hereward) inoculated with F. avenaceum isolated
from wheat and clover.

Treatment Mean DIR? Tiller number
F. avenaceum (clover 1) 74,38 370
F. avenaceum (clover 1) 69,38 350
F. Avenagceum {(wheat) G063 1.80
Control 10O 3.68
LsD B.78 (.86

* Mean of 5 replicates

In low input systems, weeds may cause problams
where herbicide doses are reduced. Within wheat-
clover bicrops, F. avenacewm has been shown to cause
significant levels of disease on the wheat crop
{Soleimani, 1997). In the current study, isolates of F.
avenacenm from clover caused significant levels of
disease on the wheat seedlings (Table 6). Although the
broad host range of this pathogen is well established
{Booth, 1971), the degree of host specialisation within
individual isolates is unclear. However, the results
suggest that within bicrops there could be a significant
risk to the wheat crop from inoculum originating from
the clover component, Furthermore, F. avenaceum
might be able to maintain pathogenicity and virulence
on the legume crop between wheat crops. Further
investigations are needed to determine the rate of F.
avenaceum build-up in the soil of bicropping systems
through a single growing season, and the role of clover
in maintaining a potential reservoir of inoculum
between seasons,

Data obtained from the temperature sensors
indicates that during the part of the season when the
risk of eyespot infection was highest (November -
March in the UK, Hollins and Scott (1980)), the
temperature within the bicrop was lower and the
number of days when conditions were favourable for
infection was greater. Eyespot infection is greatly
influenced by factors affecting sporulation on infected
straw, dispersal of conidia and latent period before
symptoms become visible (Fitt and White, 1988).
Temperature is one of the main factors which
influences sporulation on debris, production being
particularly abundant at temperatures of 0-15°C (Scott,
1971; Higgins and Fite, 1984).

Infection of wheat by P. herpotrichoides is most
effective when RH is greater than 85% (Firt and White,
1988). In the current study, during the 45-day period
from 20 March-5 May, RH conditions were favourable
for evespot infection on 30 days in the bicrop but only
17 days in the monocrop.  When favourable
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temperature and RH conditions are combined, the
current results suggest that during the same period 53 %
of days were suitable for eyespot infection in the bicrop
compared to 20% of days in the monocrop.
Furthermore, Hollins and Scott (1980) have suggested
that increased evaporation, leading to reduced moisture
on and in the host tissue, is an important cause of
reduced rates of eyespot infection in summer relative to
spring months. In the current study, the humidity at
the wheat stem-base was little different in monocrops
and bicrops until April; subsequently the RH was
significantly higher in the bicrop. It is likely therefore
that new infections could be initiated over a longer
period within the bicrop.
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