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Abstract Sugarcane yellow leaf virus, the causal
agent of yellow leaf, is transmitted from plant to
plant by aphids. Understanding and evaluating the
epidemic risks due to spread of yellow leaf by aphids
is an important feature for sugarcane production. Four
distinct sugarcane trials were set up with disease-free
plants to study the relationship between spread of
yellow leaf, the vector dynamics and environmental
conditions that may favour yellow leaf epidemics.
The study was performed by surveys of vector
populations and determination of plant infections.
Sugarcane cultivar SP71-6163, highly susceptible to
yellow leaf, was analyzed spatially at different dates
in all four trials and compared to commercial cultivars
in two of the four trials. These surveys allowed us to
identify a correlation between the aphid dynamics in

the field and yellow leaf progress. Additionally, a
negative correlation was found between rainfall
during the first weeks after transferring sugarcane
plants to the field and aphid dispersal within the field.
This later result revealed an impact of rainfall on
aphid invasion and subsequent plant infection by
SCYLV. If aphids are the key factor for disease
spread, plant response varied also according to
cultivar resistance with high variation depending on
rain conditions.
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Introduction

Yellow leaf is an important and widely spread disease of
sugarcane, causing severe yield losses in susceptible
cultivars (Comstock et al. 1999; Lockhart and Cronjé
2000; Rassaby et al. 2004; Vega et al. 1997). The most
characteristic symptom is a yellowing of the sugarcane
leaf midrib, but the midrib can also turn pink. These
symptoms are not specific to yellow leaf and can be
caused by various biotic and abiotic stresses (Lockhart
and Cronjé 2000; Schenck 2001; Vega et al. 1997).
The disease is caused by Sugarcane yellow leaf virus, a
Polerovirus belonging to the Luteoviridae family
(D’Arcy and Domier 2005). This virus is transmitted
from plant to plant by aphids in a persistent, circulative
and non replicative manner. The virus particles are

Eur J Plant Pathol (2011) 129:71–80
DOI 10.1007/s10658-010-9693-y

J. H. Daugrois (*) : C. Edon-Jock : S. Bonoto
Département BIOS, UPR 75 Amélioration génétique
d’espèces à multiplication végétative, CIRAD,
Station de Roujol,
97170 Petit-Bourg, Guadeloupe F.W.I., France
e-mail: jean-heinrich.daugrois@cirad.fr

C. Edon-Jock : J. Vaillant
Département de Mathématiques et Informatique,
UFR Sciences Exactes et Naturelles,
Campus de Fouillole,
97159 Pointe-à-Pitre, Guadeloupe F.W.I., France

P. Rott
CIRAD, UMR BGPI,
Campus International de Baillarguet, TA A-54K,
34398 Montpellier Cedex 5, France



ingested with the sap when aphids feed on infected
leaves (Gray and Gildow 2003), and aphid species
Ceratovacuna lanigera, Melanaphis sacchari, Rhopa-
losiphum maidis, and R. rufiabdominalis are known to
be vectors of SCYLV (Schenck and Lehrer 2000; Zhou
et al. 2006; Rott et al. 2008). However, M. sacchari
has been shown to be the most efficient aphid vector of
SCYLV when compared to R. maidis, and R. rufiab-
dominalis (Schenck and Lehrer 2000).

SCYLV was first identified in Guadeloupe in 1996
(Daugrois et al. 1999) and M. sacchari is the only
vector of this virus that was found in sugarcane fields
on this island (Edon-Jock et al. 2007). Because
sugarcane is not native from the Caribbean Islands
and sugarcane is the only known host of this pathogen,
SCYLV was most likely introduced into Guadeloupe
through sugarcane germplasm from other countries.
Nowadays, this virus is present in all commercial
sugarcane cultivars and in all sugarcane growing areas
in Guadeloupe, and SCYLV incidences vary from 0 to
21% (Edon-Jock et al. 2007). The sugarcane growing
areas cover about 40% of the island farmland.
Moreover, sugarcane is a structuring element of the
local economy and tourism and the industry produces
sugar, alcohol and energy. Deciphering the modalities
that favour disease spread and amplification is there-
fore critical to limit losses caused by SCYLV to
sugarcane producers in Guadeloupe.

Occurrence of five different genotypes of SCYLV
has been reported (Abu Ahmad et al. 2006a; Moonan
and Mirkov 2002; Viswanathan et al. 2008), and three
of these genotypes have been found in Guadeloupe
(Abu Ahmad et al. 2006b). Variation in pathogenicity
among some of these genotypes has also been reported
(Abu Ahmad et al. 2007). However, few data are
available to characterize epidemics of yellow leaf.
Spatial distributions of sugarcane plants colonized by
aphids and infected by SCYLV were studied under the
continental climatic conditions of Louisiana. In this
geographical location, spread of yellow leaf disease
and dispersal of its aphid vector showed mainly a
random distribution with some cases of aggregation
(McAllister et al. 2008). However, Louisiana has a
marked winter which results in a rupture of the aphid
population dynamics, and the climatic conditions of
Louisiana are therefore not representative of the usual
tropical or subtropical sugarcane growing areas. A
spatio-temporal analysis was performed to characterize
SCYLV spread in a disease- free plot in the humid

tropical environment of Guadeloupe (Edon-Jock et al.
2009). This analysis showed a two-phase disease
development in this geographical location. The first
one is random due to alate aphid arrivals from outside
of the field, in the early stage of plant growth, before
the soil is covered by the leaf canopy. The second
phase is aggregative and due to neighbourhood
colonization over short distances by apterous aphids
(Edon-Jock et al. 2009). Short distance transmission
within a field was also observed in Hawaii (Lehrer et
al. 2007). However, population dynamics of the vector
and their impact on plant infection by SCYLV was not
considered so far in these epidemiological studies. The
aim of this paper was therefore i)to analyze the impact
of variation in SCYLV vector populations on spread of
sugarcane yellow leaf and ii) to identify the origin of
the variation of these aphid populations.

Materials and methods

Plant material

All experiments were conducted with disease-free
tissue cultured plantlets of cultivar SP71-6163 (highly
susceptible to yellow leaf, Vega et al. 1997) and
commercial cultivars B5992 (tolerant to yellow leaf,
Edon-Jock et al. 2007) and R570 (tolerant to yellow
leaf, Rassaby et al. 2003; Edon-Jock et al. 2007).
Absence of SCYLV in these plants was verified by
RT-PCR as described by Comstock et al. (1998).
Plants were propagated in vitro and transferred to the
greenhouse, as previously described (Feldmann et al.
1994). Four-week-old greenhouse plants were used to
set up the field experiments.

Experimental trials

Field experiments were established at the CIRAD
experimental station at Petit-Bourg, Guadeloupe F.W.
I. The first and second trials (Trials A and B) were
planted with 1987 and 1742 virus–free plants of
cultivar SP71-6163, respectively, in December 2001
and December 2003. Plants were distributed in 18 and
17 rows in trial A and B, respectively, with an inter-
row spacing of 1.5 m. Each row of trial A comprised
107 to 111 plants but only the first 107 plants (total of
1926 plants) were used for the analyses. In trial B,
rows 1 to 16 comprised 103 plants, row 17 comprised
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94 plants, and plants on a row were separated by
0.5 m. Plants were fertilized at the time of field
planting and irrigated twice a week during the first
3 months of growth, when needed.

The third trial (Trial C) was established in August
2006 with disease free plants of cultivars SP71-6163,
B5992 and R570 in a three block design. As in trials
A and B inter-row spacing was 1.5 m and distance
between plants on the row was 0.5 m. Each of the
nine plots contained 48 plants and was formed by four
rows of 12 plants each, with no additional space
between plots. The trial was surrounded by a 3 m
border of cultivar SP71-6163: two lines each on the
left and the right side of the field, and six plants
separated by 50 cm were located in the front and the
back of each of the 16 rows (12 plot rows and 4
border rows). Thirty-one plants from the borders were
damaged during the experiment and were not
replaced, resulting in a total of 306 SP71-6163 border
plants. All SP71-6163 plants (450 plants), including
the border plants, were considered in the analyses of
virus spread in this particular cultivar.

A fourth trial (trial D) was added to this study but
was not surveyed for M. sacchari dispersal. Trial D
was established in December 2005 with disease-free
plants of cultivars SP71-6163, B5992 and R570 in a
6 × 6 complete block design with two repetitions of
each cultivar in each orthogonal direction of the trial.
Each individual plot contained three rows of 16 plants
each, with an inter-row spacing of 1.5 m and distance
between plants of 0.5 m. There was no additional
space between plots. Consequently, each cultivar was
present in 12 plots with a total of 576 plants.

All trials were set up next to other sugarcane
breeding trials in an anthropized area away from
commercial fields and rain forest. No SCYLV vector
(M. sacchari) was artificially introduced into the trials
and alate aphids arrived and colonized the field under
natural conditions.

Serological assays for SCYLV

SCYLV was diagnosed in leaf samples by TBIA as
described by Schenck et al. (1997) with few modifica-
tions. The youngest unfolded leaf (leaf F1) of each
plant of the trial was collected. The leaf midrib section
was blotted for two seconds on Schleicher & Schuell
OPTICRAN BAS 85 0.45 μm reinforced nitrocellulose
membranes. Membranes were blocked with 3% bovine

albumin (SIGMA) diluted in TBS (2.42 g/l of TRIS,
8 g/l of NaCl) for 30 min and then incubated in
1/10,000 anti-SCYLVAS-R2 IgG (kindly provided by
Pr B.E.L. Lockhart) diluted in TBS-Tween (0.05%)-
BSA (1%) for 90 min. Membranes were rinsed three
times with TBS-Tween (0.05%). They were then
incubated in 1/10,000 anti-rabbit IgG alkaline phos-
phatase conjugate antibody produced in goat (SIGMA)
diluted in TBS-BSA (1%) for 75 min. Membranes
were rinsed three times with TBS-Tween (0.05%) and
incubated in FASTTM BCIP/NBT (one tablet for 30 ml
of distilled water) until appearance of a blue colour-
ation in SCYLV infected phloem tissue. All steps were
run at room temperature (25°C). Positive reactions
(blue colouration) were determined using a stereomi-
croscope after wetting the nitrocellulose membranes
with distilled water.

Determination of aphid dispersal and aphid
populations

Aphid dispersal was evaluated by assessing visually the
presence of M. sacchari on leaves of all SP71-6163
plants. A plant was considered as colonized by M.
sacchari when at least one nymph, one winged aphid,
or one apterous aphid was observed on a leaf on weeks
4, 6, 8, 10, 13, 17 and 22 for trial A, weeks 2, 5, 9, 13,
18 and 22 for trial B and weeks 7, 11, 18 and 22 for
trial C. A plant observed once with an aphid was
considered colonized by aphids for the rest of the
experiment as SCYLV infection may have occurred.

Aphid population conditional densities were esti-
mated on colonized plants with the same 40 randomly
sampled plants 4, 10, 13, 17 and 22 weeks after
transferring plants to the field in trial A and 5, 8, 11,
12, 15, 16, 18, 21 and 22 weeks after transferring
plants to the field in trial B. For trial B, 20 plants were
observed at weeks 21 and 22. For trial C, aphid
populations were determined for each cultivar with
the same six randomly chosen plants per block (total
of 18 plants per cultivar) 7, 10, 13, 16, 18 and
25 weeks after transferring plants of the three
sugarcane cultivars to the field.

Sample collection for SCYLV detection

Leaves were collected from one plant every 10 plants 8,
13, 16, 18, 19, 21 and 30 weeks after transferring plants
to the field and from all plants on week 25 for trial A.
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Leaves were collected from all plants 6, 11, 15, 19, 23
and 30 weeks after transferring plants to the field in trial
B; 6, 11, 15, 20, 24 and 30 weeks in trial C; and 8, 12,
16, 20, 24, 28 and 32 weeks in trial D.

Rainfall

Daily rainfall values were obtained from Cirad’s
automatic weather station located at Roujol, Petit
Bourg.

Statistical analyses

Progress of aphid population densities on colonized
plants (conditional density) of cv. SP71-6163 ob-
served in trials A, B and C were analyzed after log10
transformation of aphid counts under GLM procedure
of SAS software 9.1.3 (SAS institute Inc., Cary, NC,
USA). For each trial, sampling dates were compared
and means per sampling date were used to compare
the population conditional density on cv. SP71-6163
plants in the 3 trials. Comparison of aphid population
conditional densities according to sugarcane cultivar
in trial C were analysed after log10(count) transfor-
mation under GLM procedure with cultivar and block
as variation sources and sampling dates as repeated
measures. Cultivars were also compared under GLM
procedure by a student t-test with lsmeans for each
sampling date. Additionally, proportions of aphid
colonized plants out of the 6 plants sampled per
block were compared for each date after arcsine
square root transformation of the proportion of aphid
colonized plants under GLM procedure with cultivar
as variation source.

Cultivar infection by SCYLV in trials C and D was
analyzed with the GLM procedure of SAS software
after arcsine square root transformation of the
proportion of infected plant in each plot with cultivar
as variation source.

Regression curves between the area under disease
progress curve and under aphid dispersal progress curve,
rainfall and SCYLV incidence, and rainfall and aphid
dispersal were calculated with Sigmaplot 10 software.

Spatial autocorrelation was tested based on Moran’s
index with a neighbourhood effect defined for a given
distance between plants. Each p-value was calculated
from the rank of the observed spatial Moran index
among the whole set of simulated and observed
indexes. Moran index statistics were performed with

the SPDEP package developed for R (R Foundation for
Statistical Computing, Vienna, Austria). In addition,
spatial autocorrelation for infected plants were also
analyzed under the join count test with a neighbour-
hood effect between infected plants as described by
Pethybridge and Madden (2003), except that the
calculations were performed with the SPDEP package.

Results

Aphid dispersal and populations

Aphids appeared on plants during the first week after
transferring plants from the greenhouse to the field in
trials A, B and C. However, the rapidity of aphid
dispersal on sugarcane cv. SP71-6163 varied between
field trials (Fig. 1). Areas under aphid colonized plants
progress curve (AuApc) from week 0 to week 22 after
field planting were 475, 1079, and 1383 for trials A, B
and C, respectively, indicating that M. Sacchari
dispersal was different in each trial. Mean conditional
densities of aphid population varied from 4 to 69
aphids per colonized plant in trial A according to the
week of observation, with the lowest population level
observed at weeks 13 and 17 when dispersal of aphids
within the field was reduced. In trials B and C, mean
conditional densities of aphid population on cv. SP71-
6163 varied from 35 to 74 and from 15 to 51 aphids,
respectively. Aphid population dynamics was similar in
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trials B and C, although aphid dispersal started earlier
in trial C (Fig. 1). High variation of aphid populations
was observed between plants in each trial but overall
mean conditional densities of aphid population were
not different between the trials at the 5% level (8.3,
21.6 and 10.1 aphids per colonized plant for trials A, B
and C, respectively) (Fig. 1). In trial C, conditional
densities of aphid population were similar on all three
sugarcane cultivars (B5992, R570, SP71-6163) during
all experiments (Fig. 2). However, some variation was
observed regarding the number of plants hosting
aphids, especially at week 25 when cv. R570 showed
significantly fewer plants hosting aphids than the two
other cultivars. Additionally, cv. B5992 showed the
highest proportion of aphid colonized plants but this
result was significant only at week 13. Conditional
density of aphid population of susceptible cv. SP71-
6163 was similar to density of the two other cultivars,
and number of aphid colonized plants was in the same
range, if not lower, than the one of cv. B5992. (Fig. 2).

Detection of SCYLV

SCYLV was first detected in about 1% of cv. SP71-
6163 sampled leaves at week 16 in trial A and at the
first sampling date (week 6) in trial B and C (Fig. 3).
SCYLV was also detected at the first sampling date
(week 8) in trial D but, at this stage, 65% of the plants
already tested positive for SCYLV. Incidence of the
virus increased up to 6%, 33%, 36% and 98% at the
last sampling date (30 and 32 weeks) for trials A, B,
C, and D, respectively (Fig. 3). At 6 weeks in trial C,

no SCYLV infected plant was detected in cv. R570
and cv. B5992. First positive samples were identified
for cv. R570 and cv. B5992 at weeks 11 and 15,
respectively. Virus incidence in these two sugarcane
cultivars remained low until the end of the sampling
period (4.2% and 1.5% for cv. R570 and cv. B5992,
respectively), and these two cultivars were signifi-
cantly less infected than susceptible cv. SP71-6163
(34% SCYLV positive plants) (Fig. 4). In trial D,
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SCYLV incidence at the first sampling date (week 8)
was very high for cv. SP71-6163 (65%) and it
increased up to 98% at week 32. The two other
cultivars (cv. R570 and cv. B5992) were significantly
less infected but at higher levels than in trial C: virus
incidence in cv. R570 and cv. B5992 plants was 24%
and 25% at week 8, respectively, and it reached 49%
and 73% at week 32, respectively (Fig. 4). At all
seven sampling dates, cv. SP71-6163 was more
infected than the two other cultivars (data not shown).
SCYLV incidence in cv. R570 was similar to SCYLV
incidence in cv. B5992 at weeks 8 and 12, but it was
significantly higher in cv. B5992 than in cv. R570 at
all other sampling dates.

Areas under SCYLV Incidence progress curve
(AuIpc) measured at week 30 with cv. SP71-6163
was 79, 297, 445 and 2180 in trials A, B, C and D,
respectively, indicating a strong environmental effect
on virus spread.

Spatial disease dispersion

Spatial dispersion of SCYLV was already described
for trial B (Edon-Jock et al. 2009), using the first
48 m of rows in order to design homogenous
quadrates. Briefly, analyses indicated a random
infection in the early stage of sugarcane plant growth
followed by a non random plant infection with a
significant neighbour effect when the distance
between plants ranged from 0.5 to 2 m. Short distance
infection was also observed in trial A, as a non
random distribution of pair-wise plants with the same
status was found mainly for neighbourhood distances
below 2 m at week 25, when all plants were sampled
(Fig. 5). Additionally, the join count test indicated a
non random distribution of pair-wise infected plants
for distances between plants from 0.5 to 1.5 m (with
28 observed infected-infected links versus 18.76
expected under a random distribution of infections,
and with p-value of 0.01). P-values were not
significant for distances between pair plants above
1.5 m. In trial C, random infection was observed in
cv. SP71-6163 in the early stages of growth followed
by aggregative plant infection as it was found in trial
B (Fig. 5). The neighbourhood distance effect on
Moran’s index was not clearly observed in trial C,
most likely because of the trial design. This trial was
smaller and discontinuous compared to others because
of the presence of two additional cultivars that were

more resistant to SCYLV than cv. SP71-6163. On the
other hand, when infected material of sugarcane cv.
SP71-6163 was analyzed with the join count test,
aggregation was no longer effective for neighbour-
hood distances between 2 and 4 m, whereas it was
highly significant for distances between 0 to 2 m in
trial C (Table 1), or below 2 m when infection level
was low such as in trial A.

Dispersal of aphids and spread of yellow leaf

Trials A, B and C were simultaneously surveyed for
aphid dispersal and SCYLV spread. Comparisons
between aphid dispersal and SCYLV spread in the
different fields were made by regression observation
of AuApc and AuIpc obtained from the curves shown
in Figs. 1 and 3. AuApc and AuIpc were significantly
(R²=0.99) correlated by a linear regression (AuIpc=
0.3938AuApc–110.75) with a p-value of the correla-
tion test of 0.036, indicating the involvement of aphid
dynamics in virus spread.
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Rainfall impact on M. sacchari dispersal

Daily rainfall was cumulated up to 140 days after
transferring plants to the field in trials A, B and C, and
correlated for each day to aphid dispersal represented by
AuApc obtained after 22 weeks of field growth.
Cumulative rainfalls from day 10 to day 46 were
negatively correlated with aphid dispersal, with a
determination coefficient above 0.9. After this period,
a few positive correlations between rainfall and final
AuApc were found between weeks 13 and 17, with R²
around 0.3. Cumulative rainfall during the first 46 days
of the trial was negatively correlated to aphid dispersal
with a p-value of the correlation test of 0.038 and a
determination coefficient of 0.99 (Fig. 6).

Rainfall impact on infection of sugarcane by SCYLV

Because rainfall during the first 46 days of plant
growth had an impact on aphid dispersal, cumulative

rainfalls of the first 46 days was compared to final
trial infection in trials A, B, C and D. Sugarcane trial
contamination was negatively correlated to the cumu-
lative rainfall observed during the first weeks of plant
growth. An exponential decay regression [Incidence=
198.059*exp(−0.0083*Rainfall)] was found between
rainfall and trial contamination (R²=0.999) with
p-value of the regression test of 0.0004 (Fig. 6).

Discussion

Studies on spread of sugarcane yellow leaf in Guade-
loupe started in 2001, and the four trials described herein
were established sequentially until 2006. Incidence of
SCYLV in sugarcane cv. SP61-7163, that is highly
susceptible to yellow leaf (Vega et al. 1997), increased
between subsequent experiments: from 6% in trial A to
98% in trial D, each time after 30 to 32 weeks of
exposure of healthy plants to M. sacchari and SCYLV.
Because yellow leaf is considered to be an emerging
disease, our first hypothesis to explain these data was
an increase in local virus inoculum sources associated
with an increase of viruliferous vectors, as it occurred
for other vectored diseases in the Caribbean basin
(Rocha-Pena 1995; Brown and Bird 1992). However,
when aphid dynamics were compared between our field
trials, time of aphid arrival, and rapidity of aphid
dispersal were different according to the trial.

A correlation exists between aphid dispersal and
SCYLV incidence The delay for first observation of
aphids in the field was the shortest in the highest
SCYLV-infected trial. Additionally, in contrast to
observations in the least virus-infected trial (trial A),
aphid dispersal within the field increased regularly

Table 1 Joincount test for neighbourhood effect according to distance between pairs of sugarcane plants (cv. SP71-6163) on SCYLV-
infected pairs at weeks 15, 20 and 24 in trial C

Neighbor-
hood distance

Number of links
per plant

WEEK15 WEEK20 WEEK24

Observed
statistic

Expected
statistic

P
value

Observed
statistic

Expected
Statistic

P
value

Observed
statistic

Expected
Statistic

P
value

0.5-1.5 4.63 25 21.5 0.196 65 54.31 0.037 109 92.14 0.0103

1.5–2 6.73 29 31.26 0.669 86 78.97 0.185 155 133.96 0.0160

2–2.5 5.80 31 26.94 0.268 84 68.05 0.019 121 115.4 0.284

2.5–3 4.22 25 19.62 0.094 55 49.56 0.192 89 84.08 0.264

Cumulative rainfall 46 days after transferring plants to the field
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and rapidly in the two other trials surveyed for aphid
dynamics (trials B and C). Within 22 weeks, aphids
were present on 88% of the plants in trial A and on all
plants in trials B and C. Aphid dispersal in the field,
expressed by an increasing number of plants colo-
nized at least once by aphids, had a significant impact
on SCYLV incidence. A correlation was found
between aphid dispersal within the field and SCYLV
incidence, indicating the importance of the rapidity of
first arrival of aphids and their dispersal under humid
tropical climatic conditions. Importance of time of
first aphid arrival was also outlined in modelling
epidemic risks of Barley yellow dwarf virus (BYDV).
Time of first arrival of aphids is one of the three major
determinants of the rate of BYDV spread in wheat
crops in a Mediterranean-type environment (Thackray
et al. 2009). On the other hand, mean aphid
populations per colonized plant of cv. SP71-6163
were similar in each trial, suggesting that the number
of aphids per plant was not the best factor to explain
variation in virus incidence. Similarly, when three
sugarcane cultivars were compared in trial C, there
was no significant variation in aphid populations per
colonized plant between the three tested cultivar.
Additionally, cv. B5992, which showed the highest
numbers of plants hosting aphids, was the least
SCYLV-infected cultivar, suggesting that resistance
level of sugarcane to SCYLV was also a key factor in
spread of the virus. However, other features that may
have an impact on disease incidence, such as the
number of aphid immigrations per plant or the
number of viruliferous incoming vectors, were not
analysed herein.

A negative correlation exists between rainfall at early
stage of sugarcane growth and aphid dispersal
Because rapidity of aphid dispersal seemed to play a
major role in SCYLV incidence, we explored envi-
ronmental data to identify key factors involved in
aphid population dynamics in a humid tropical
location such as Guadeloupe. Regulation of insect
populations by cold weather conditions (winter) does
not occur in Guadeloupe. However, numerous predators
of M. sacchari were observed in all our field trials
(ladybugs, syrphid larvae, arachnids), and these may
have regulated aphid numbers as it occurred elsewhere
on other plants (Schmidt et al. 2003; Milne and Bishop
1987). On the other hand, only few variations in aphid
numbers per plant were observed between the

surveyed field trials and we therefore assumed that
aphid predators did not play a major role in variation
of aphid dispersal. Climate conditions have an effect
on aphid populations in continental temperate loca-
tions. Warm temperature has a beneficial effect on
aphid populations, whereas rainfall has a negative
effect (Cocu et al. 2005; Klueken et al. 2009). Because
temperature variations are very low in Guadeloupe,
only rainfall effect on aphid dispersal was considered
herein. We found a significant negative correlation
between cumulative rainfall in the early stage of the
sugarcane crop and aphid dispersal in the field
(represented by AuApc). Because aphids can only
land on plants when contrasted colours are detected
(Döring et al. 2004), main alate aphid immigration
occurs during the first stages of plant growth and until
the soil is covered by the leaf canopy. Because tropical
rain can disturb aphid flights, rain most likely impacts
alate aphid immigration in the field and reduces aphid
dispersal in humid tropical conditions.

Rainfall at early stage of sugarcane growth impacts
aphid dispersal and SCYLV incidence Importance of
alate immigration in the first stages of plant growth
was also underlined by the results of the analysis of
disease spread within the fields. Disease spread was
shown to be random during the first 3 months after
transferring healthy plants to the field. These random
virus infections were mainly due to primary infections
that originated from outside the field and were
vectored by alate aphids. Secondary infections result-
ing in aggregated diseased plants were observed later
when the plant canopy covered the field, allowing
apterous aphid migration within the field over short
distances (Edon-Jock et al. 2009). Random primary
infections (or background infections) followed by
short distance infection are common in vectored virus
patho-systems such as citrus-CTV-Aphis gossypii
(Gottwald et al. 1999), and described in spatio-
temporal models for epidemic spread of aphid
vectored diseases in orchards (Filipe and Gibson
1998). Because secondary infections originate from
primary infected plants, the level of primary infection
is critical for SCYLV spread by aphids. As discussed
above, the amount of rainfall at the beginning of
sugarcane growth in the field impacted aphid dispersal.
Consequently, rainfall also impacted sugarcane field
contamination by SCYLV. We found a highly signif-
icant correlation (exponential decay) between the
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number of virus infected plants at the end of the survey
and the cumulative rainfall observed during the first six
weeks of plant growth in the field. Absence or low
rainfall during early plant growth resulted in a high
level of SCYLV infection, especially in highly suscep-
tible sugarcane cv. SP71-6163. Two other cultivars,
B5992 and R570, which are grown commercially in
Guadeloupe, showed low incidence of SCYLV (below
5%) under medium aphid pressure (medium rainfall)
when incidence of SCYLV in cv. SP71-6163 reached
34%. Under high aphid pressure (low rainfall), the
incidence of SCYLV in cvs R570, B5992 and SP71-
6163 increased by an additional 45–65%. This is the
first time that high variation in sugarcane infection by
SCYLV is explained by variation in climatic con-
ditions, and especially rainfall during alate aphid
immigrations. Consequently, environmental variations
will affect healthy sugarcane nursery schemes and
sugarcane cultivar ratings based on SCYLV incidence
determined by leaf sampling. Therefore, adequate
controls must be used for yellow leaf rating and
screening for resistance, or other criteria must be
investigated to assess sugarcane resistance to yellow
leaf.
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