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Viral diseases in strawberry are not easily detected 
because most single virus infections are symptomless on 
commercial cultivars. However, virus outbreaks have the 
potential for epidemics and economic losses. A mixed virus 
infection of strawberry mild yellow edge virus (SMYEV) 
and strawberry mottle virus (SMoV) was identified in 
several southeastern states during the 2012–13 season, 
resulting in millions of dollars in losses. 

This updated version of a previous publication offers basic 
information on viral diseases of strawberry, with emphasis 
on viruses of potential threat to the strawberry industry in 
Florida. The primary target audience of this publication 
includes growers and industry personnel, Extension 
agents, and pathologists working with strawberry. 

Plant Viruses 
Biology 
Viruses are submicroscopic parasites that are smaller than 
bacteria or fungi and not visible by light microscopy. 
Viruses have a variety of sizes and shapes (spherical, rod-
shaped, isometric, etc.) and consist of DNA or RNA and 
protective proteins. Some viruses are among the most 
significant plant pathogens because they reduce plant 
vigor, yield, and market value, and can even cause death. 
Viruses multiply by inducing host cells to produce more 
virus particles. Plant viruses are obligate parasites that 
cannot be grown in artificial media and require a host 
plant for their survival and multiplication. 

Symptoms 
Virus-infected strawberry plants may be symptomless, or 
the symptoms may be confused with those caused by 
bacteria, viroids, insect feeding, herbicide damage, 
nutritional deficiencies, high temperatures (Figure 1), air 
pollutants, or genetic abnormalities (Converse 1987). 

 
Figure 1. Symptoms caused by high temperature in F. vesca.  
Credit: Catalina Moyer, UF/IFAS 

Virus symptoms may include mottle (uneven areas of light 
and dark yellowing) (Figure 2), ringspot (circular 
chlorotic spots), mosaic (mixed areas of mottled and 
normal tissue) (Figure 3), chlorosis or yellowing (pale or 
yellow areas) (Figure 4), malformation, leaf distortion, 
stunting (irregular growth, dwarfing, and loss of vigor), 
and reduced yield and fruit size. 

 
Figure 2. Strawberry leaf with mottle symptoms.  
Credit: Catalina Moyer, UF/IFAS 
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Figure 3. Strawberry plant showing a mosaic pattern on the 
leaves.  
Credit: Catalina Moyer, UF/IFAS 

 
Figure 4. Strawberry leaf showing chlorosis.  
Credit: Catalina Moyer, UF/IFAS 

Detection 
Detection and diagnosis of viral infections can be achieved 
by biological assays, such as graft or sap inoculation of 
species or cultivars that are especially sensitive and show 
obvious symptoms (Martin 2004). If symptoms develop on 
these indicator plants, then the plant in question is positive 
for the virus (Figure 5). This technique can detect many 
viruses, although it will not necessarily diagnose a specific 
virus. 

 
Figure 5. Fragaria virginiana indicator plants: right, healthy; 
left, leaf distortion and stunting symptoms after grafting with 
virus-infected tissue.  
Credit: Catalina Moyer, UF/IFAS 

Enzyme-linked immunosorbent assay (ELISA) is a 
serological test that detects the presence of a specific 
antigen (protein) in plant tissue. Leaf sap from virus-
infected plants (containing the antigen) is mixed with the 
antibody for the specific virus in a microplate. If the 
antigens and antibody match, a color develops, indicating 
the presence of the virus in the sample (Figure 6). The 
wells in the microplate can be read visually as positive or 
negative or quantified with a colorimeter. 

 
Figure 6. ELISA microplate showing colorimetric reaction of 
virus-infected samples.  
Credit: Catalina Moyer, UF/IFAS 

Nucleic acid analysis is another technique to confirm viral 
infection. Small amounts of DNA or RNA are amplified 
many times using polymerase chain reaction (PCR) and 
then detected with agarose gel electrophoresis or high-
resolution melting analysis. Nucleic acid analyses are very 
useful in detecting organisms that cannot be cultured or 
that are present in very small amounts. However, detection 
of an organism does not necessarily indicate disease, 
because PCR does not discriminate between alive, dead, or 
infectious. 
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New technologies such as next-generation DNA sequencing 
(NGS) are now being used for the detection of known and 
novel viruses. NGS can provide very detailed information 
about the DNA or RNA molecules that make up viruses and 
other organisms. These technologies allow more accurate 
detection and identification of viruses on plants and insect 
vectors even when they are present in minuscule amounts, 
aka “low titer” (Barba et al. 2014; Villamor et al. 2019). 

Dissemination 
Plant viruses are disseminated through seed or pollen, 
vegetative propagation, or vectors (aphids, thrips, mites, 
whiteflies, leafhoppers, plant hoppers, beetles, and 
nematodes), or mechanically (Converse 1987). 
Dissemination of viruses is highly dependent on the 
presence of vectors and clonal plant propagation (Martin 
and Tzanetakis 2013). 

Management 
The most practical way to minimize the risk of infection in 
commercial strawberry fields is to use clean plant material 
(tissue-cultured and virus-tested) and to follow best 
management practices for insect and weed control 
(Biswas, Hossain, and Islam 2007; Martin and Tzanetakis 
2006). 

Viruses in Strawberries 
Numerous viruses infect strawberry (Table 1), but the 
most prevalent in the United States in recent years are 
strawberry veinbanding virus (SVBV), strawberry crinkle 
virus (SCV) (Figure 7), strawberry mottle virus (SMoV), 
and strawberry mild yellow edge virus (SMYEV), which are 
all transmitted by aphids, as well as strawberry pallidosis-
associated virus (SPaV) and beet pseudo yellows virus 
(BPYV), transmitted by whiteflies. 

Viral infections of commercially grown strawberries are 
rare because most viruses are eliminated during early 
stages of propagation. Cultivars go through a clean 
propagation program where meristem culture, heat 
treatment, and disease testing are conducted before plants 
are delivered to registered nurseries for mass propagation. 
However, strawberry fields may become infected with 
viruses that have hosts other than strawberry, such as 
bean, clover, tomato, and weed species, among others 
(Cupertino et al. 1984; Klose et al. 1996). 

 
Figure 7. Close-up of a strawberry plant showing leaf crinkle 
virus symptoms.  
Credit: Catalina Moyer, UF/IFAS 

A single virus infection does not cause symptoms in most 
cultivars. However, viruses that seem harmless by 
themselves may become problematic in combination with 
others (Martin and Tzanetakis 2006). Plants with these 
mixed infections may develop more severe symptoms than 
those harboring a single viral pathogen. 

In 2012, strawberry growers in the southeastern states 
experienced the results of a mixed virus infection. Plants 
that showed no symptoms in the nursery and appeared 
healthy after establishment in fruiting fields later became 
stunted, with yellowing/reddening of the leaves. The 
plants produced few and very small fruit and, in some 
cases, died (Figure 8). Samples from the different states 
were submitted for testing at USDA-ARS in Corvallis, OR, 
and two strawberry viruses were detected consistently: 
strawberry mild yellow edge virus (SMYEV) and 
strawberry mottle virus (SMoV). The infection was traced 
back to strawberry plants produced in Nova Scotia, 
Canada. Fortunately, the disease was not spread in the 
fruiting fields to plants from other nursery sources. 
However, the economic losses were estimated in the 
millions of dollars for the fruit growers and the nursery 
involved (Samtani et al. 2017). 

https://edis.ifas.ufl.edu/hs1343
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Figure 8. Top, leaf-reddening symptom associated with virus 
infections in ‘Strawberry Festival’. Bottom, stunted plants in a 
field planted in October 2012 (photo taken on January 16, 
2013).  
Credit: Dr. Natalia Peres, UF/IFAS 

Virus detection is an important step for disease 
management and throughout the plant propagation 
process. Negative results for diagnostic tests only indicate 
that plants are free of those viruses for which they have 
been tested. Therefore, plants that have tested negative 
should be called "virus-tested" and not "virus-free." 
Nonetheless, the term "virus-free" could potentially apply 
to plants tested using NGS with the caveat that detection of 
an unknown virus will require further evaluation to 
determine the biological effects and significance for each 
crop. 

Registration and certification programs are in place to 
confirm the health of propagation material. However, it is 
not possible or practical to sample every plant in a field. 
Therefore, detection of viral infections will depend on the 
sampling method, and errors in both processes may result 
in an outbreak of certified material. 

The following viral diseases have occurred in strawberry 
plants grown in Florida and are considered high-risk 
strawberry diseases in the region. 

Strawberry Mottle 
SMoV is the most common virus of strawberries, and all 
Fragaria species are susceptible even though no symptoms 
are visible on commercial cultivars. SMoV is found more 
often in mixed infections with other viruses causing 
significant damage in strawberries. 

Dissemination occurs by aphids (Chaetosiphon spp. and the 
melon aphid, Aphis gossypii) in a semipersistent manner in 
which the virus is acquired and transmitted in a few 
minutes (Martin and Tzanetakis 2006). The aphids probe 
infected plants and then move to healthy ones. If most 
plants in the field are healthy, the rate of infection will be 
reduced, because the virus will only reside in aphid stylets 
for a few hours. Moreover, this virus is heat-sensitive and 
therefore easily eliminated with heat treatment (Maas 
1998). 

SMoV can be detected by transmission to indicator plants, 
but because SMoV is often mixed with other viruses, 
definite identification is better achieved with PCR. 

In 2014–2015, viral infection sources in strawberry fields 
of Quebec, Canada, were surveyed. SMoV alone or in 
combination with other viruses was the most predominant 
virus found, and the greatest source of infection was virus-
infected vectors followed by alternate plant hosts near 
strawberry fields (Bonneau et al. 2019). The incidence of 
SMoV is proportional to the aphid population in the field, 
and thus pest management practices are likely to reduce 
infection rates. 

Strawberry Mild Yellow Edge 
This disease is part of the yellows complex, one of the 
major diseases of strawberries, caused by a mixture of 
SMYEV with SMoV or SCV or both (Maas 1998). SMYEV is a 
very common virus in cultivated strawberries around the 
world; however, there is limited information about effects 
on strawberry in single infections. Torrico et al. (2018) 
found that plants with a single infection of SMYEV had 
reduced yields of 28%–63% even though plants were 
asymptomatic. However, they suggest that infection during 
the first fruit cycle may not influence productivity. 

SMYEV is transmitted by some aphids (Chaetosiphon 
genus) in a persistent circulative manner; that is, the aphid 
needs to feed on an infected plant for hours or days to 
acquire the virus, which then spreads throughout the 
aphid and remains inside the aphid for life. Nonetheless, 
successful transmission depends on the virus strain and on 
the efficiency of the vector (Converse 1987). 

Virus detection can be achieved by grafting sensitive 
indicator hosts. However, specific identification of SMYEV 
can be faster and more practical using RT-PCR (reverse 
transcription-polymerase chain reaction) and or ELISA 
(Martin and Tzanetakis 2006). This virus can survive heat 
treatment, and virus titer is higher during high summer 
temperatures. Therefore, diagnosis can be affected by the 
time of sampling (Converse 1987; Torrico et al. 2018). 

Strawberry Decline or Pallidosis-Related Decline 
This disease is caused by infection by multiple viruses 
from different sources. Symptoms vary among strawberry 
species and cultivars: infected plants may exhibit chlorosis, 
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purple coloration of leaves, stunting, and dieback (Martin 
and Tzanetakis 2013; Dara 2015). The virus identified in 
diseased plants were BPYV, SPaV, SMYEV, SMoV, and a 
newly identified virus, strawberry polerovirus 1 (SPV1) 
(Tzanetakis et al. 2006; Xiang 2015). 

Strawberry decline was considered rare, but in 2000 and 
2003, it affected the strawberry industry on the West Coast 
from Canada to Southern California. Then, in 2012, a new 
outbreak occurred on the West Coast causing significant 
economic losses. A YouTube video made by the University 
of California Cooperative Extension shows an overview of 
SD (http://www.youtube.com/watch?v=m1YRRE_PY8s). 

Strawberry Necrotic Shock 
For many years, strawberry necrotic shock disease was 
thought to be caused by a strain of tobacco streak virus 
(TSV). Tzanetakis, Mackey, and Martin (2004) found that 
strawberry necrotic shock disease is caused by a different 
virus and not by a strain of TSV. The name "strawberry 
necrotic shock virus" (SNSV) was then suggested for this 
virus instead of TSV. 

SNSV was detected in Florida at the end of the 2008–2009 
strawberry season in research fields at the UF/IFAS Gulf 
Coast Research and Education Center. However, yields 
were not noticeably different from those in previous years. 
Thus, it was assumed these were new infections of SNSV 
that were transmitted in Florida; however, the hypotheses 
that the plants were infected in the nurseries could not be 
dismissed because plants were not tested early in the 
season. 

During the 2009–2010 strawberry season, leaf samples 
were collected from multiple cultivars and different 
nursery sources at three times during the season. SNSV 
was confirmed in 'Florida Radiance' from all nursery 
sources, 'Florida Elyana' from one source, and 'Strawberry 
Festival' from two sources. Despite the presence of SNSV in 
'Florida Radiance' since the beginning of the season, yields 
did not seem to be affected, and SNSV was not detected in 
other cultivars planted nearby. This indicated that 
transmission and infection by SNSV did not progress 
rapidly in strawberry fields. However, it is possible that the 
colder-than-normal temperatures during the 2009–10 
strawberry season prevented more rapid spread of SNSV. 

Conclusions 
In general, infection by a single strawberry virus does not 
significantly affect strawberry growth and yield. However, 
mixed infections by multiple viruses have the potential to 
cause serious losses. For this reason, it is important to 
minimize the risk of virus infections by using plants that 
have been properly propagated using meristem culture, 
heat treatment, and virus testing, and by ensuring best 
pest management practices in the field to minimize 
incursion of new viruses. 
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Table 1. Viral diseases of strawberries 
Virus Name 
and Vector 

Genus Possible Symptoms 
of Infection 

Detection Geographic 
Distribution 

Host Range 

Aphids 

Cucumber 
mosaic virus 
(CMV) 

Cucumovirus Leaf malformations 
and yellowing 

ELISA, RT-
PCR 

Worldwide Widest 

Strawberry 
crinkle virus 
(SCV) 

Cytorhabdovirus Deformed leaves, 
crinkled, distorted 
petioles, small leaves 
and fruit 

RT-PCR Fragaria spp. 

Strawberry 
mottle virus 
(SMoV) 

Sadwavirus Mild leaf mottle, 
stunting, distortion 

RT-PCR Fragaria spp., 
Duchesnea spp. 
(Indian strawberry), 
Potentilla sundaica 

Strawberry mild 
yellow edge 
virus (SMYEV) 

Potexvirus Dwarfing, marginal 
chlorosis, leaf 
distortion, small fruit 

ELISA, RT-
PCR 

Fragaria spp., 
Duchesnea spp. 
(Indian strawberry) 

Strawberry 
polerovirus-1 

(SPV-1) 

Polerovirus Stunting, 
purple/reddish 
coloration of foliage, 
dieback, small fruits 

RT-PCR North America, 
South America 

Fragaria spp. 

Strawberry 
veinbanding 
virus (SVBV) 

Caulimovirus Chlorosis in some 
cultivars 

PCR Worldwide Fragaria spp. 

Strawberry 
pseudo mild 
yellow-edge 
virus (SPMYEV) 

Carlavirus None ELISA Asia, North 
America 

Fragaria spp., 
Duchesnea spp. 
(Indian strawberry), 
Rubus parvifolius 
(native raspberry) 

Strawberry 
chlorotic fleck 
virus (SCFaV) 

Closterovirus None RT-PCR North America Fragaria spp. 

Nematodes 

Tomato ringspot 
virus (ToRSV) 

Nepovirus None or symtoms like 
those of Verticillium 
wilt 

ELISA, RT-
PCR 

Worldwide Wide 

Tomato black 
ring virus (TBRV) 

Nepovirus Yellow blotching, ring 
spots, stunting, 
crinkling 

Europe, Asia 

Strawberry 
latent ringspot 
virus (SLRSV) 

Listed as 
Sadwavirus 

Severe in mixed 
infections 

Worldwide, 
except South 
America 

Arabis mosaic 
virus (ArMV) 

Nepovirus Dwarf plant and 
chlorosis on some 
cultivars 

Worldwide 

Raspberry 
ringspot virus 
(RpRSV) 

Nepovirus Yellow blotching, ring 
spots, stunting, 
crinkling 

Europe, Asia 

Thrips, Pollen, Seed 
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Virus Name 
and Vector 

Genus Possible Symptoms 
of Infection 

Detection Geographic 
Distribution 

Host Range 

Apple mosaic 
virus (ApMV) 

Illarvirus None ELISA, RT-
PCR 

North America Wide 

Fragaria 
chiloensis cryptic 
virus (FCCV) 

Deltapartitivirus RT-PCR South America Fragaria spp. 

Fragaria 
chiloensis latent 
virus (FCILV) 

Illarvirus ELISA, RT-
PCR 

North America, 
South America 

F. chiloensis 

Strawberry 
necrotic shock 
virus (SNSV) 

Australia, Asia, 
Europe, North 
America 

Fragaria and Rubus 
spp. 

Tobacco streak 
virus (TSV) 

Worldwide Wide 

Whiteflies 

Beet pseudo 
yellows virus 
(BPYV) 

Crinivirus Stunting and 
reddening of leaves in 
mixed infections 

ELISA, RT-
PCR 

Worldwide Wide 

Strawberry leaf 
curl virus (StLCV) 

Begomovirus Unknown Africa Unknown 

Strawberry 
pallidosis 
associated virus 
(SPaV) 

Crinivirus Stunting and 
reddening of leaves in 
mixed infections. 
Masked in summer 
months. 

RT-PCR Australia, Europe, 
North America, 
South America 

Fragaria spp. 

Oomycete (Fungus-like Organisms) 

Tobacco necrosis 
virus D (TNVD) 

Necrovirus Dwarf plant with leaf 
and root necrosis 

ELISA, RT-
PCR 

Worldwide Wide 
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