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ABSTRACT 
Sugarcane yellow leaf syndrome (YLS) causes significant yield losses in susceptible sugarcane varieties. In Brazil, YLS was not 
recognized as economical importance until early 1990s. However, with the drastic epidemics of the viral form of the disease in variety 
SP71-6163, breeders began to take into account its occurrence during the selection stages and its effects on vegetative development. The 
objective of the present work was to evaluate the effects of the Sugarcane yellow leaf virus (ScYLV), its main causal agent in Brazil, on 
sugarcane yield and root system development. The experiment was conducted in Ribeirão Preto, SP, Brazil, on Typic Hapludox soil, in 
variety IAC89-2135 during the plant cane cycle. ScYLV diagnosis was assayed by DAS-ELISA and RT-PCR for discrimination between 
infected and uninfected plants. Plants grown from ScYLV infected stalks showed typical infection symptoms as a consequence of virus 
perpetuation in the stalk. The infected plants showed significant reduction on roots dry weight and fresh weight of the above plant parts 
and an increase in Brix and sucrose content in the stalks. Although infected plants maintained regular root system vertical architecture, 
root dry weight was reduced and negatively correlated with fresh weight and stalk number, showing that alterations in root and vascular 
systems constitute important effects from ScYLV infection. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
Sugarcane diseases are amongst the main factors contri-
buting to sugarcane yield losses worldwide. Sugarcane 
yellow leaf syndrome (YLS) has been associated with ex-
pressive yield losses in susceptible sugarcane varieties (Abu 
Ahmad et al. 2006). Symptoms of infection are charac-
terized by intense yellowing of the midrib on the abaxial 
surface of mature leaves. Older leaves show a red colora-
tion of the midrib on the adaxial surface. Afterwards the 
leaf blade becomes bleached, proceeding from the tip 
toward the base of the leaf, and tissue necrosis can even-
tually take place (Gonçalves et al. 2005). Frequently, there 
is also reduction in growth resembling that of drought stress. 
Symptoms of YLS have been attributed to many causes, 
both biotic and abiotic. The cause of the disease known as 
yellow leaf of sugarcane in Brazil is the infection by Sugar-
cane yellow leaf virus (ScYLV) (Vega et al. 1997; Maia et 
al. 2000; Moonan et al. 2000). ScYLV has been shown to 
cause significant yield losses in susceptible cultivars in 
several sugarcane growing countries (Lehrer and Komon 
2008; Viswanathan et al. 2008; Xie et al. 2009). In Brazil, 
losses from 20 to 30% were reported in the variety SP71-
6163 in the early 1990s (Vega et al. 1997). The losses 
caused by ScYLV in other Brazilian commercial varieties is 
poorly known, but the virus became endemic in the main 
cultivated areas making the development of resistant cul-
tivars essential in sugarcane breeding programs. The Agro-
nomic Institute of Campinas (IAC) sugarcane breeding 
program works applying a phenotypical clone selection 
strategy that takes 6 to 7 years for the regional phase assess-
ments, and 10 to 12 years in total to release a genotype as a 

commercial variety (Landell et al. 2005). In IAC sugarcane 
breeding program, the main traits evaluated during selection 
of cultivars are productivity, sucrose content and disease 
resistance. The variety IAC89-2135 showed favorable cha-
racteristics and superiority compared to other commercial 
varieties until 1998, when the first symptoms of ScYLV 
infection were observed causing yield decline. Similarly, 
Comstock and Miller (2003) reported that in the CP-cultivar 
breeding program at Canal Point, USA, the incidence of 
samples with ScYLV infection generally increased from the 
first to the last stage of selection. Additionally, they em-
phasize that if marker assisted selection can be developed 
for ScYLV resistance, the process for the development of 
resistant cultivars would be greatly enhanced. 

Several works have discussed the effects of viruses 
upon the above ground plant parts (Schenck et al. 2001; 
Izaguirre-Mayoral et al. 2002; Fontaniella et al. 2003; Ras-
saby et al. 2003; Gonçalves et al. 2005; Lehrer et al. 2007), 
however, their effects on the root system are poorly under-
stood, partially because this type of study is extremely labo-
rious and the roots are also affected by the soil physico-
chemical variability (Vasconcelos et al. 2003). For this rea-
son, the present work was performed to investigate the 
effects of the ScYLV infection on variety IAC89-2135 root 
system development and its relationship with the yield. 

 
MATERIALS AND METHODS 
 
Field trials 
 
A field study was conducted in Ribeirão Preto, São Paulo state, 
Brazil, on a Typic Hapludox soil, in variety IAC89-2135 planted 
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in February 1999. The rainfall and air temperature averages during 
vegetative period were typical of the regional climatic conditions, 
showing dry period between May and August (Fig. 1). 

Field plots were 100 m wide by 50 m long, with 1.4 m between 
sugarcane rows. Nine months after planting, samples were ran-
domly taken from 5 places where plants showed ScYLV symp-
toms, and from other 5 places with symptomless plants. Stalks 
were counted in 1 m of row, cut and fresh weighed. In each plot, 
stalks were counted in 1 m of row (stalk number per meter), cut 
and fresh weighed (fresh weight per meter) and 10 stalks were 
taken for the pooled analysis of Brix (%), fiber (%) and sucrose 
contents (SC). The samples obtained in each randomly location, 
were taken as replications for statistical analysis. In each sampling 
location, the roots were quantified from 3 depths: 0 to 20 cm, 20 to 
40 cm and 40 to 60 cm. The trenches were dug under the cane row 
for extraction of soil monoliths with roots, measuring 150 cm, in 
the traverse sense to the line, and 20 cm longitudinal to the line. 
The roots were washed with pressurized water jet on 2 mm mesh 
sieves. Roots were collected and dried at 70°C, for 48 hours, until 
the weight was constant. After drying, the samples were sifted to 
separate vegetable impurity for subsequent weighing. Treatments 
were compared by the variance analysis (F statistics) and Tukey’s 
test. Linear regression was done, separately between root dry 
weight and above ground plant parts attributes for each treatment 
(healthy or infected). 
 
ScYLV diagnosis 
 
Twenty sugarcane plants from both treatments were randomly col-
lected and tested by DAS-ELISA using a ScYLV-specific poly-
clonal antiserum (Scagliusi and Lockhart 2000). Leaf tissue was 
diluted 1: 10 (w/v) in 100 mM sample buffer. Immunoglobulin-
alkaline phosphatase conjugate, prepared with the specific anti-
serum, was diluted 1: 500 in sample buffer and the readings at 405 
nm were performed after 30 min of incubation with the substrate 
p-nitrophenyl phosphate. As positive and negative controls were 
used 10 ng of purified virus and healthy plants grown in a green-
house, respectively. 

ScYLV infection in the same plants submitted to DAS-ELISA 
was also assayed by RT-PCR with the specific primer pair P1f/P2r 
(Gonçalves et al. 2002) based on the coat protein coding region of 
ScYLV (Fig. 2). The antisense primer P2r was used to reverse 
transcription reactions using total RNA extracted from leaf tissue. 

The reverse transcription was performed with 1 μl of antisense 
primer and 2 μg of RNA using the cMaster Rtplus kit (Eppendorf–
Netheler, Hamburg, Germany) according manufacturer instruc-
tions. The PCR consisted of 1 μl of 10 μM sense primer, 1 μl of 10 
μM antisense primer, 3 μl of cDNA samples and the reaction mix 
of cMaster Rtplus kit. PCR protocol followed as previously des-
cribed (Gonçalves et al. 2002). 
 
Perpetuation of ScYLV in stalks 
 
In order to test virus presence and transmission in the vegetative 
material from a planting cycle to another, stalks from infected and 
healthy plants were planted separately in adjacent areas of 4 rows 
of 3 m. Symptoms were monitored and plants were photographed 
to illustrate the hypothesis of virus perpetuation. However, quanti-
tative surveys of roots and above plant parts were not performed in 
these plots. At the end of the experiment, 20 symptomatic and 20 
symptomless plants were randomly collected and their leaves 
tested for ScYLV presence by DAS-ELISA and RT-PCR. 
 
RESULTS AND DISCUSSION 
 
The experiments led us to draw some insights on the impact 
of ScYLV in sugarcane yield and root system development, 
confirming that symptoms caused by ScYLV were not lim-
ited to leaves and stalks of the infected plants. 
 
Yield characteristics 
 
Among the five features used to evaluate the effect of 
ScYLV on sugarcane yield, stalk number and fiber content 
showed no significant differences between infected and un-
infected sugarcane plants. On the other hand, significant 
differences were observed for fresh weight, Brix and suc-
rose content (Table 1). 

Fresh weight reduction of ScYLV infected plants was 
expected since yellowing and reduction in plant growth are 
characteristic symptoms of ScYLV infection, resembling 
that of drought stress (Schenck et al. 2001). In this research, 
the soil conditions and water supply were favorable during 
the period of large vegetative development (Fig. 1) and 
these factors were not sources of interference to the pro-
cesses involved in absorption and transport of water and 
nutrients from soil to stalks and leaves. Therefore, the re-
duction in fresh weight was probably due to ScYLV infec-

Fig. 1 Experimental field rainfall and air temperature averages con-
ditions during 1999. Tm= air temperature. 

450 bp 

Fig. 2 Reverse transcription-PCR of total RNA extracted from 
sugarcane leaf samples. Lanes: 1, plant showing yellowing symptoms; 2, 
positive control (purified ScYLV); 3, negative control (healthy sugarcane 
plant); 4, 100 bp DNA molecular weight marker. 

Table 1 Sugarcane yield measurements of ScYLV infected and uninfected plants, at nine months after planting (immature plants). Means correspond to 
five samples per treatment. 
Trials Fresh weight 

(kg m-1) 
Stalk number 
(per meter) 

oBrix Fiber 
(%) 

Sucrose content 
(%) 

Uninfected plants  8.00 a* 13.80 a 9.18 b 8.61 a 3.10 b 
Infected plants 4.70 b 11.20 a 10.52 a 10.00 a 4.43 a 
F (variance analysis) 8.76  2.62  10.39  1.02  8.43  
Variation coefficient (%) 27.70  20.31  6.67  23.13  19.30  

* Means within a column followed by the same letters do not differ by Tukey’s test (P> 0.05) 
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tion interfering with the phloem sugar transport and conse-
quently in the normal plant development. As already shown, 
infection by ScYLV in sugarcane causes alterations in 
photosynthetic metabolism and disorders in plant carbo-
hydrate metabolism (Gonçalves et al. 2005; Lehrer et al. 
2007). 

Significant increase in Brix and consequently sucrose 
content, 14.6 and 42.9%, respectively, were observed in 
stalks of infected plants. It is well known that sugar is trans-
ported via phloem from leaves (blade and sheath) to stalks 
and then downward to roots. Thus, sucrose transport down-
ward to roots was probably reduced as an influence of the 
virus in the phloem, leading to sucrose over accumulation 
in the stalks and probably in the leaves as previously shown 
(Gonçalves et al. 2005). It has been demonstrated that leaf 
midribs of ScYLV infected plants show Brix values two to 
three times higher than uninfected plants (Comstock et al. 
1998). Sucrose contents in leaves are also increased in 
ScYLV infected plants and reduction in the content of suc-
rose in stalks could be expected as a secondary effect of low 
CO2 exchange rates (Gonçalves et al. 2005). However, 
Schenck et al. (2001) did not find significant differences in 
sucrose content in stalk juice of ScYLV infected and unin-
fected H87-4094 variety plants. Similar results were ob-
served in the variety Cuba 120-78 (Fontaniella et al. 2003). 
Corroborating our results, variation in response to ScYLV 
infection for yield characteristics such as stalk weight, 
height, diameter and sugar content were observed for three 
sugarcane cultivars (R570, R577 and R579) indicating that 
impact of ScYLV and tolerance of sugarcane to the virus 
may vary according to sugarcane variety (Rassaby et al. 
2003). 
 
Effect of ScYLV in the root system 
 
ScYLV infected plants had an average root dry weight 
decrease of 43% compared to healthy plants, probably 
related to reductions in the metabolic transport via phloem 
from leaves to roots. However, the proportion of roots at 
each depth was not affected by ScYLV infection, and its 
vertical architecture distribution was preserved (Fig. 3). In 
ScYLV infected plants, besides the reduction in the quantity 
of roots and in the water absorption surface, a reduction in 
the aboveground plant parts was observed, probably as a 
result of alterations in photosynthetic metabolism and in the 
uptake of nutrients. According to Gonçalves et al. (2005), 
the potential quantum efficiency for photochemistry of 
photosystem (PSII) is reduced in ScYLV infected sugarcane 
plants. Alterations in the filling up of plastoquinone pool as 
well as reduction in photosynthetic leaf pigments contents, 
and chlorophyll a and chlorophyll b ratio are also observed 
in ScYLV infected sugarcane plants. Additionally, the ac-
cumulation of sugars in stalks and leaves of infected plants 
is a possible effect of the virus on non-photosynthetic pro-
cesses, such as compartmentalization and metabolic trans-
port via phloem. Luteoviruses are confined to the phloem 
tissue of its hosts, with sieve elements and companion cells 
frequently occupied. Sugar loading, mainly sucrose, and its 
distribution to the sinks require passage through these cells 
(Lalonde et al. 2003), which are somehow modified during 
virus movement through the phloem. 

In healthy sugarcane plants, root dry weight was posi-
tively correlated with cane fresh weight, stalk number, Brix 
and SC contents (Figs. 4, 5). These results show that the 
root system development is crucial for proper plant growth 
as it provides aboveground plant parts with sufficient water 
and nutrients. However, for such a scenario to be valid, 
plants must be healthy. On the other hand, both roots and 
aboveground plant parts showed smaller dry weight in 
infected plants than in healthy plants; but amongst ScYLV 
infected plants root dry weight was negatively correlated 
with cane fresh weight and number of stalks (Figs. 4a, 4b). 
Therefore, if ones evaluate separately the infected plants, 
those that suffered the largest reductions in development of 
above plant parts did not necessarily showed the largest re-

ductions of the root system. Hence, nutrients like calcium 
that improves root growth (Ritchey et al. 1980) and is nor-
mally immobile in the phloem (Biddulph et al. 1958) might 
be allocated to the roots development. Our results show that 
a proper developed root system and greater water absorp-
tion surface do not necessarily implies in a good develop-
ment of the above plant parts in ScYLV infected plants. 
This supports the hypothesis of ‘spare capacity’ in the root 
system of sugarcane. Smith et al. (2005) suggest that sugar-
cane plants usually have more roots than are needed for 
maximum growth, and in typical field conditions this spare 
capacity effectively buffers the plant against root loss or a 
sub-optimal soil environment. 

Interestingly, Brix and sucrose content were not signifi-
cantly correlated with root dry weight in ScYLV infected 
plants (Figs. 5a, 5b), and negative correlation was not 
found as in the previous case, i.e., root versus fresh weight 
and number of stalks. This lack of correlation may be indi-
cative of a rupture in the phloem transport of photo-assimi-
lates and consequently xylem transport of nutrients between 
above plant parts and the root system. 
 
ScYLV detection 
 
The virus was not detected by DAS-ELISA in two of the 
tested symptomatic plants, probably due to the low virus 
titer in the leaf tissue. On the other hand, RT-PCR analysis 
revealed the presence of the virus in all twenty tested plants 
grown from stalks showing symptoms. Fragments of 450 bp, 
corresponding to the coat protein of ScYLV were amplified 
(Fig. 2). Plants grown from stalks without symptoms tested 
negative in RT-PCR. These results were confirmed at the 

Fig. 3 Root system quantity (mg.dm-3) and distribution in the soil pro-
file (0 to 60 cm). 
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end of the cycle, detecting the virus only in symptomatic 
plants. RT-PCR has been successfully used as a diagnosis 
tool for ScYLV detection (Chatenet et al. 2001; Viswana-
than et al. 2008; Xie et al. 2009). Although, in fewer cases, 
much contaminant RNA or PCR inhibitors can leads to false 
negatives, RT-PCR is more reliable than serological tests 
used for ScYLV detection, for instance DAS-ELISA and 
TBIA (Tissue-blot immunoassay) that depends on virus titer, 
which, in some cases, may be below the detection threshold 
of these serological techniques (Schenck and Lehrer 2000; 
Chatenet et al. 2001; Gonçalves et al. 2002). Our results 
corroborate these data, since DAS-ELISA did not show 
enough sensitivity to detect low virus titers in infected 
plants, as confirmed by RT-PCR analysis. 
 
Perpetuation of ScYLV in stalks 
 
Stalks of ScYLV infected plants whose virus infection was 
confirmed by RT-PCR analysis were planted in a plot field 
aside of stalks from virus free plants (uninfected). The 
plants grown from ScYLV infected stalks showed character-
istic disease symptoms while plants from uninfected stalks 
did not show any symptoms (Fig. 6). These observations 
confirm the perpetuation of ScYLV in stalks from infected 
plants and its transmission by mean of infected shoots. 
Among the forms of ScYLV transmission, the use of in-
fected stalk cuts from infected plants is the most important, 
as it constitutes the main propagation method for sugarcane 
planting (Rassaby et al. 2004). The virus is localized within 
plant phloem cells and chemical or heat treatment of stalks 
before planting is not effective enough to eliminate the 
virus from infected sugarcane (Schenck et al. 2001). More-
over, virus perpetuation has being reported in canes of sec-

ond growth cycle even after long hot water treatment ap-
plied between two quarantine cycles (Chatenet et al. 2001). 
Our results confirm these observations and showed the ef-
fects of virus perpetuation in the sugarcane crop. Although 
infected plants maintained the root system vertical archi-
tecture, both roots and aboveground plant parts had lesser 
dry weight than healthy plants. On the other hand, root dry 
weight was negatively correlated with cane fresh weight 
and stalk number, and roots were less affected than above-
ground plant parts. In general, changes in root and vascular 
systems were important effects of infection by ScYLV in 
sugarcane, leading to expressive reductions in yield. 
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fresh weight, (B) number of stalks. 
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