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Photosynthesis of Blueberry Leaves as Affected  
by Septoria Leaf Spot and Abiotic Leaf Damage 

I. Roloff and H. Scherm, Department of Plant Pathology, and M. W. van Iersel, Department of Horticulture, Uni-
versity of Georgia, Athens 30602 

The blueberry industry in Georgia and 
other southeastern states has experienced 
considerable growth during the past 30 
years due to improved cultivars and mar-
keting opportunities (13,22). This expan-
sion is likely to continue in the near future, 
with consumer demand increasing due to 
the widely publicized health benefits of 
blueberry fruit (12,20) and with producers 
seeking alternatives to traditional row 
crops which have become less profitable. 
Indeed, a recent producer survey in Geor-

gia indicated that the area planted to blue-
berry may increase by as much as 35% 
within 5 years (23). In 2002, the statewide 
blueberry acreage totaled >1,800 ha, and 
utilized production was valued at $17.4 
million (2). 

As blueberry acreage and production in-
tensity have increased, disease problems 
have become more prevalent (23). Leaf 
spot diseases, in particular, have been a 
recent cause for concern in Georgia and 
neighboring states (6,7,21). Leaf spots are 
most apparent after harvest during late 
summer and fall, and severe infection dur-
ing this period can result in premature 
defoliation (7,19). A recent field survey in 
Georgia (21) revealed a high incidence of 
leaf spots on cultivars of both rabbiteye 
blueberry (Vaccinium ashei) and southern 
highbush blueberry (V. corymbosum inter-
specific hybrids), the two blueberry spe-
cies grown commercially in the state 
(13,22). Septoria albopunctata (17) and 
Gloeosporium minus (16) were the patho-
gens most commonly associated with se-
vere leaf spotting. However, leaf damage 
not associated with specific pathogens also 
was prevalent, especially on rabbiteye 

cultivars. Symptoms of this abiotic damage 
ranged from edema-like leaf blotching on 
both leaf surfaces to flecking and water 
soaking on the abaxial leaf surface; the 
latter symptom appeared to be associated 
with arthropod or mechanical injury, pos-
sibly blowing sand or mechanical harvest 
damage (21). 

Regardless of its cause, severe leaf spot-
ting and early loss of leaves could nega-
tively impact initiation of flower buds 
during the fall due to reduced carbohydrate 
supply (9,10), which, in turn, could result 
in decreased fruit yields in the following 
year. Indeed, when blueberry bushes were 
defoliated artificially (by clipping off 
leaves) in the fall, subsequent flower bud 
set or yield was reduced (15,31). Although 
these results suggest that leaf spots may 
affect blueberry yields primarily via pre-
mature defoliation, it is important to con-
sider that yield reductions are likely to 
occur even in the absence of defoliation if 
infected leaves contribute little to photo-
synthesis. For example, in a comparative 
study of 10 foliar pathosystems across a 
range of crops, reductions in leaf photo-
synthesis associated with a 10% disease 
severity level ranged from 20 to 50% (25). 
If reductions of a similar magnitude occur 
on blueberry leaves affected by leaf spots, 
yield losses are very likely even in the 
absence of defoliation, given the evidence 
for carbohydrate source limitation to fruit 
and vegetative growth in blueberry (27). 

This study was undertaken to document 
and quantify the effects of leaf spots on 
photosynthesis of blueberry leaves in the 
field. The investigation focused on Septo-
ria leaf spot, caused by S. albopunctata, 
and on edema-like abiotic leaf damage, 
presumed to be caused by over-irrigation 
following a prolonged period of drought 
during the summer.  

MATERIALS AND METHODS 
Field sites. The study was carried out in 

the fall of 2002 on field-grown, mature 
blueberry bushes at the University of 
Georgia Horticulture Farm near Watkins-
ville (Oconee County) and on a commer-
cial farm near Homerville (Clinch 
County). Test plants at both sites had re-
ceived no fungicide applications during the 
growing season. At the Watkinsville site, 
two cultivars of rabbiteye blueberry were 
studied: Premier, severely affected by Sep-
toria leaf spot; and Climax, free from bi-
otic leaf diseases but afflicted by edema-
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like leaf blotching. The latter symptom 
was characterized by reddish to dark-
brown, irregularly shaped and slightly 
raised lesions that appeared initially as 
chlorotic areas. Microscopic examination 
and isolation attempts on standard micro-
biological media did not reveal any fungal 
or bacterial pathogens associated with 
these symptoms. Consistent with the etiol-
ogy of edema development, symptoms 
appeared after a prolonged hot and dry 
period followed by excessive irrigation. At 
the Homerville site, measurements were 
carried out on Bluecrisp, a southern 
highbush blueberry cultivar severely af-
fected by Septoria leaf spot. 

Photosynthesis measurement and dis-
ease assessment. On two separate dates 
for each cultivar (8 and 12 September for 
Premier, 8 and 30 September for Climax, 
and 16 September and 2 October for Blue-
crisp), net CO2 assimilation rate (NAR) 
and leaf conductance were measured on 
individual leaves using a portable photo-
synthesis monitoring system (CIRAS-1; 
PP Systems, Hitchin, Hertfordshire, UK). 
Plants were well watered at the time of 
measurement, and maximum air tempera-
tures ranged from 26.2 to 32.2°C. At least 
20 mature leaves formed during the spring 
growth flush and located in the upper third 
of the canopy in arbitrarily chosen plants 

were selected per cultivar and date, such 
that a wide disease severity range (from 0 
to >50% necrotic leaf area) was repre-
sented. All measurements were taken 
within 1 h of solar noon at a photosyn-
thetic photon flux density usually above 
1,000 µmol m–2 s–1; light saturation in 
blueberry leaves occurs at photon flux 
densities between 500 and 800 µmol m–2 s–1 
(11,33). Following measurement, the area 
of the leaf that had been enclosed by the 
cuvette of the photosynthesis monitoring 
system was indicated with a marker pen, 
and leaves were detached and taken to the 
laboratory in a cooler. Disease severity of 
the 2.5-cm2 photosynthesis measurement 

 

Fig. 1. A and B, net CO2 assimilation rate and C and D, leaf conductance in relation to Septoria leaf spot severity (caused by Septoria albopunctata) on 
Premier rabbiteye blueberry and Bluecrisp southern highbush blueberry. E and F, relationship between net assimilation rate and leaf conductance for the two 
cultivars. Each data point consists of a single measurement on an individual leaf in the field. Open and solid symbols represent two separate trials, and solid
lines correspond to the curves of best fit for pooled data from both trials.  
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area was determined by computer image 
analysis (29) and expressed as percent 
necrotic leaf area. 

Data analysis. Values of NAR and leaf 
conductance were plotted against disease 
severity and against each other, and linear 
and nonlinear regression analysis was ap-
plied to explore relationships among vari-
ables. Nonlinear regression analysis, fitted 
with PROC NLIN in the Statistical Analy-
sis System (v. 8.02; SAS Institute, Cary, 
NC), utilized the equation px = p0(1 – 
x/100)β, where px is NAR, x is disease 
severity, and p0 and β are parameters that 
can be interpreted as NAR in the absence 
of disease and virtual lesion size, respec-
tively (4). The virtual lesion size represents 
the ratio of the leaf area in which photo-
synthesis is reduced due to indirect effects 
of the disease and the leaf area that shows 
visible necrosis; it serves as a convenient 
parameter to express the physiological 
effects of disease on photosynthesis of the 
remaining green leaf tissue.  

RESULTS AND DISCUSSION 
NAR on healthy leaves (i.e., those with-

out visible necrosis) varied between 6.9 
and 12.4 µmol m–2 s–1 across cultivars and 
measurement dates (Fig. 1 and 2); the cor-
responding average values predicted by the 
zero intercept of the nonlinear regression 
ranged from 9.0 to 9.6 µmol m–2 s–1 (Table 
1). These values are similar to those re-
ported previously for blueberry. For exam-
ple, maximum NAR on healthy leaves of 
field-grown lowbush blueberry (V. angusti-
folium) in Nova Scotia ranged from 9 to 10 
µmol m–2 s–1 (11). In a study on green-
house-grown potted plants (33), values of 
NAR were comparable for Tifblue rabbiteye 
blueberry (7.8 to 9.0 µmol m–2 s–1) but no-
ticeably lower for Sharpblue southern 
highbush blueberry (4.5 µmol m–2 s–1). 

Infection by S. albopunctata had a sig-
nificant negative effect on photosynthesis 
of Premier and Bluecrisp blueberry leaves: 
as disease severity increased, NAR de-
creased exponentially (Fig. 1A and B). 
Consistent for both cultivars, NAR was 
reduced by approximately one-half at 20% 
disease severity, and values approached 
zero for leaves with >50% necrotic leaf 
area. Estimates of p0 and β obtained by 
nonlinear regression analysis were not 
significantly different between Premier and 
Bluecrisp, as shown by the overlap be-
tween means ± asymptotic standard errors 
(Table 1); thus, the two cultivars, which are 
members of different blueberry species, 
responded similarly to disease-induced leaf 
necrosis. It should be noted, however, that 
leaf spots caused by S. albopunctata gen-
erally expand more rapidly on Bluecrisp 
(and other highly susceptible southern 
highbush blueberry cultivars) than on Pre-
mier (H. Scherm, unpublished); thus, a 
given level of leaf necrosis (and associated 
reductions in NAR) can occur with a 
smaller number of individual infections in 

the former cultivar than in the latter. This is 
an important consideration when develop-
ing leaf spot count-based decision thresh-
olds for managing the disease across a 
range of blueberry cultivars and species. 

In general, assimilation may be affected 
at two levels. If leaf conductance is de-
creased, CO2 diffusion into the leaf is 
slowed, thereby reducing photosynthesis 

(32). Photosynthesis also may be reduced 
due to changes in leaf metabolism. Exam-
ples include increased respiration, inhibi-
tion of photosynthetic electron transfer, 
reductions in the amount or activity of 
photosynthetically active pigments or en-
zymes, and altered solute relations within 
affected host cells (24). In the present 
study, leaf conductance decreased expo-

 

Fig. 2. A, net CO2 assimilation rate and B, leaf conductance in relation to severity of abiotic leaf 
damage on Climax rabbiteye blueberry. C, relationship between net assimilation rate and leaf conduc-
tance. Each data point consists of a single measurement on an individual leaf in the field. Open and
solid symbols represent two separate trials, and solid lines correspond to the curves of best fit for 
pooled data from both trials. There was no significant relationship between leaf conductance and
necrotic leaf area (P = 0.145).  
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nentially with increasing severity of Septo-
ria leaf spot (Fig. 1C and D). Furthermore, 
there was a positive correlation between 
NAR and leaf conductance (Fig. 1E and 
F), suggesting that the disease may have 
reduced photosynthesis via decreased CO2 
diffusion into affected leaves. Septoria leaf 
spot likely reduces leaf conductance by 
rendering stomata in necrotic areas non-
functional, while any toxins that may dif-
fuse into the surrounding leaf tissue may 
affect stomatal functioning in those areas 
as well. Several previous studies with other 
host–pathogen combinations also docu-
mented a close correlation between assimi-
lation rate and leaf conductance (14,24). In 
cherry leaves infected by the leaf spot 
pathogen Blumeriella jaapii, however, 
disease had the strongest negative effect on 
carboxylation, although leaf conductance 
also was reduced (18). More comprehen-
sive gas exchange measurements are 
needed to determine the relative contribu-
tion of reduced CO2 diffusion versus 
changes in cell metabolism to reductions in 
photosynthesis in blueberry leaves infected 
by S. albopunctata. 

The virtual lesion size associated with 
infection by S. albopunctata was β = 3.1 ± 
0.40 (standard error) for Premier and 2.8 ± 
0.29 for Bluecrisp (Table 1). Thus, the leaf 
area in which photosynthesis was impaired 
was about three times as large as the area 
covered by necrosis. The virtual lesion 
sizes obtained in this study are similar to 
values reported by Bastiaans (4) for field-
grown rice infected by Pyricularia oryzae 
(β = 3.0 ± 0.18). In other studies with ne-
crotrophic pathogens, virtual lesion sizes 
ranged from 1.7 for Stagonospora 
nodorum on wheat to 11.0 for Cercospora 
arachidicola on peanut (30). The latter 
three pathogens all are known to produce 
host-specific toxins (1,5,28), and diffusion 
of these compounds could be partly re-
sponsible for reductions in photosynthesis 
outside the necrotic leaf area. Toxin pro-
duction has been reported for several spe-
cies of Septoria (3,8,26) but has yet to be 
demonstrated for Septoria albopunctata. 

Lesions associated with edema-like 
damage on leaves of Climax were larger 
and more irregularly shaped than those 
caused by S. albopunctata on Premier and 
Bluecrisp, but overall severity of leaf dam-

age was within the same range. There was 
a significant negative relationship between 
NAR and affected leaf area (Fig. 2A), but 
the scatter about the regression line was 
more pronounced than in the NAR–disease 
severity relationships for S. albopunctata 
on the other two cultivars (Fig. 1A and B). 
No significant correlation was observed 
between leaf conductance and necrosis on 
these leaves (Fig. 2B), suggesting that 
mechanisms other than reduced CO2 diffu-
sion were responsible for the observed 
reductions in photosynthesis. 

The virtual lesion size associated with 
leaf damage on Climax leaves (β = 1.9 ± 
0.33) was significantly smaller than that 
caused by S. albopunctata on the other two 
cultivars (Table 1). Although this result 
should be interpreted with caution because 
it is based on data from only one cultivar 
in one growing season, a smaller virtual 
lesion size would not be unexpected for 
leaves affected by abiotic damage because 
there are no pathogen structures or diffus-
ible toxins that could extend from the 
symptomatic tissue to the surrounding 
green tissue. In a comparative study in-
volving a range of foliar pathosystems, 
Shtienberg (25) also observed a pro-
portionally greater reduction in photosyn-
thesis beyond the symptomatic area in 
leaves infected by pathogens compared 
with those affected by abiotic damage. 

Leaf spots caused by pathogenic fungi 
or abiotic factors can be prevalent and 
severe on blueberry in the southeastern 
United States (21). Recent field studies to 
document potential yield losses associated 
primarily with Septoria leaf spot have 
emphasized the importance of premature, 
disease-induced defoliation (7,19), given 
prior evidence for reductions in flower bud 
initiation in the fall or fruit yield the fol-
lowing year on manually defoliated blue-
berry plants (15,31). The present study, 
however, suggests that a sole focus on 
premature leaf loss may be inappropriate, 
given the significant reductions in photo-
synthesis that occur in affected leaves in 
the absence of defoliation. Indeed, average 
leaf spot severity values around 20%, 
which reduced NAR by approximately 
one-half in the present study, are not un-
common on susceptible cultivars in Geor-
gia during the fall (21). Given the potential 

for marked reductions in photosynthesis of 
blueberry leaves affected by biotic and 
abiotic leaf spots, together with the critical 
need for adequate carbohydrate supply 
during the fall for optimal flower bud set 
and yield (9,10,27), further research focus-
ing on quantitative yield loss relationships 
and practical treatment thresholds clearly 
is warranted.  
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