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INTRODUCTION
Avocado sunblotch viroid (ASBVd) is found in many 
avocado-growing regions of the world, where it af-
fects fruit yield and quality. Symptomless carrier trees 
play an essential role in the epidemiology of ASBVd, 
as they have been described as the primary sources 
of infection for spreading the disease through bud-
ding and grafting practices. Studies have shown that 
ASBVd can significantly reduce the yield and quality of 
avocado fruit (Da Graça, 1985; Saucedo-Carabez et 
al., 2014). Avocado sunblotch viroid-infected symp-
tomless carrier trees could lead to between 50% to 
80% yield reductions compared with symptomatic 
trees, which cause a yield reduction between 15% and 
30% (Saucedo-Carabez et al., 2014). 

We hypothesised that ASBVd-affected asymptom-
atic trees will have an impact on fruit quality and 
yield. The purpose of the study, therefore, was to 
assess the impact of ASBVd on tree morphology, fruit 
maturity, yield and quality of ‘Hass’ avocado trees in 
South Africa. 

MATERIALS AND METHODS
Field selection of symptomless carrier trees 
and seasonal monitoring of trees
An experimental ‘Hass’ orchard, located at a com-
mercial farm in Mbombela, province of Mpumalanga, 
South Africa, was selected for the study. Thirty trees 
were utilised for all the investigations of the study in-
cluding 15 ASBVd infected symptomless carrier trees 
(selected by molecular screening) and 15 ASBVd neg-
ative trees (confirmed negative with molecular screen-
ing and hereafter referred to as ‘healthy’ trees). Trees 

with different ASBVd infection levels were selected for 
the study. Since ASBVd infected symptomless carrier 
trees are difficult to identify in the field, infected trees 
showing fruit symptoms were first identified. In their 
immediate vicinity, trees were screened using mo-
lecular testing. Screening was also conducted in the 
immediate areas where confirmed positive trees had 
been removed. 

Infected and healthy trees were monitored for 
three consecutive seasons from 2019 until 2021, 
from the flowering stage until harvest. These in-
cluded observations of differences in tree morphol-
ogy (branches, leaves, and reproductive structures), 
flowering patterns, and fruit sets that could be physi-
cal indicators of ASBVd symptomless carrier trees in 
avocado orchards. 

Determination of the dry matter content (% 
DM) of fruit, yield, fruit ripening and quality, 
fruit firmness, colour rating, fruit quality, and 
data analyses
The degree of ripeness of avocado fruit was deter-
mined by measuring the % DM content of fruit at 
four different intervals before harvest in the years 
2019 and 2020. The yield per tree was determined 
by counting the number of fruit on each tree in the 
years 2020 and 2021. Thirty fruit were harvested 
from each of the 30 trees in this study (infected 
and healthy), except in the case of highly infected 
trees because they produced less than 30 fruit and 
all available fruit were harvested. Fruit firmness was 
measured using an automated Sinclaire IQ instru-
ment (51DFTB, International Ltd, Jorrold, Bowthorpe 
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Norwich, NR5, 9.D, England). The colour change was 
monitored visually using a six-point rating where: 1 - 
emerald; 2 - forest green; 3 - approximately 25% co-
loured; 4 - approximately 75% coloured; 5 - purple; 
6 - black (White et al., 2009). Statistical analyses of 
variance were obtained using STATISTICA 8 and the 
means were separated using the Post-hoc Tukey HSD 
test at a significance level of p ≤ 0.05. 

RESULTS AND DISCUSSION
The ASBVd infection had a dramatic effect on the 
phenology of the trees, and quantity and quality of 
fruit. Results clearly showed that trees with high and 
medium ASBVd infection levels had a lower yield than 
healthy trees (Fig. 3). A few signs of infected trees 

Figure 1: A comparison between flower development of a ‘Hass’ healthy tree (A) and ASBVd infected ‘Hass’ tree (B) 
towards the end of September 2020. ASBVd infected symptomless tree displaying a large amount of flower abscission 
at the end of the flowering stage (C). 

Figure 2: A comparison between the ‘Hass’ healthy tree (A) and the ASBVd infected 
tree (B) late October. The healthy tree had already reached full fruit set a few weeks 
before the ASBVd infected tree where a lack of fruit set is visible. 

that can enable their identification were observed. 
Firstly, ASBVd-infected symptomless carrier ‘Hass’ 
trees produced excessive flowers and shed leaves in 
the process (Fig. 1). Therefore, the flowering stage 
of 'Hass' can be useful in identifying the symptomless 
carrier trees in the field, before trees recover their 
canopy. 

Secondly, infected 'Hass' trees also tend to remain 
in the flowering stage longer than healthy trees that 
are already at the fruiting stage at the same time 
interval (Fig. 2). 

Lastly, infected 'Hass' trees produce very little 
to no fruit at all and by the end of the season, the 
trees will have recovered from the loss of canopy ap-
pearing greener and healthier just like healthy trees  
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Figure 3: Average fruit yield counts of ASBVd infected 
symptomless ‘Hass’ carrier trees and healthy avocado 
trees for the 2020 and 2021 seasons. Values represent 
means ± standard errors (SE). Bars with the same letters 
did not differ significantly at P ≤ 0.05 (Tukey HSD). 

(Fig. 3). These observations can be incorporated as 
part of ASBD management strategies in 'Hass' or-
chards and those of other cultivars. Postharvest 
fruit from infected trees ripened faster than normal 
fruit and were more prone to fungal infections dur-
ing the ripening process. Because infected trees do 
not display symptoms, regular systematic indexing 
of orchards, especially trees for budwood and seed 
sources, is required. 

CONCLUSION
The study confirmed that the presence of ASBVd 
contributes to yield reduction in symptomless carrier 

trees regardless of whether trees alternate between 
off and on-crop years. All the field observations, yield 
and postharvest outcomes from this experiment are 
specific to the 'Hass' cultivar, and similar studies on 
other important cultivars will benefit the understand-
ing of the relationship between ASBVd infection and 
yield losses.

Acknowledgements
Funding was received from the South African Avo-
cado Growers’ Association (SAAGA) and the Agri-
cultural Research Council-Professional Development 
Programme (ARC-PDP). We further acknowledge the 
avocado grower in Mbombela for allowing access to 
avocado orchards and the provision of fruit used in 
this study. 

REFERENCES
DA GRAÇA, J.V. & VAN VUUREN. 2003. Viroids in Af-

rica. In Hadidi, A., Flores, R., Randles, J.W. and Se-
mancik, J.S. (Eds.) Viroids (1st ed., pp-291). Aus-
tralia.

SAUCEDO-CARABEZ, J.R., TELIZ-ORTIZ, D., OCHOA-
ASCENCIO, S., OCHOA-MARTINEZ, D., VALLEJO-
PEREZ, M.R. & BELTRAN-PENA, H. 2014. Effect of 
avocado sunblotch viroid (ASBVd) on avocado yield 
in Michoacan, Mexico. Eur. J. Plant Pathol. 138: 
799-805. https://doi.org/10.1007/s10658-013-
0354-9

WHITE, A., WOOLF, A., HOFMAN, P. & LU ARPAIA, M. 2009. 
The international avocado manual. HortResearch, 
2005. ISBN 0478068379,9780478068375 


