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Comparative Performance of Chemical and
Biological-based Products in Management of
Algal Leaf Spot on Magnolia

Fulya Baysal-Gurel1, Ravi Bika1, Christina Jennings1,

Cristi Palmer2, and Terri Simmons1

ADDITIONAL INDEX WORDS. biorational products, Cephaleuros virescens, fungicides,
‘Jane’ magnolia, Magnolia grandiflora, nursery production, southern magnolia

SUMMARY. Magnolia trees (Magnolia sp.) are a popular choice for consumers when
choosing flowering woody plants for landscapes. Magnolia species grow in a wide
variety of both temperate and tropical locations. Southern magnolia (Magnolia
grandiflora) is one of the more popular magnolias due to its pleasing aesthetics:
large showy flowers in a range of colors and evergreen foliage. However, magnolias
can be affected by algal leaf spot. Algal leaf spot is caused by Cephaleuros virescens,
which is a widespread plant parasitic green alga. There has been little research on
how to treat algal leaf spot on magnolia plants. This study focuses on identifying
effective biological- and chemical-based fungicides for the management of algal leaf
spot disease of magnolia plants. Two experiments were conducted in a randomized
complete block design with six replications per treatment and a total of 12 treat-
ments, including a nontreated control. The first experiment (Expt. 1) was con-
ducted in a shade house (56% shade) at McMinnville, TN, using southern magnolia
plants. The second experiment (Expt. 2) was conducted at a commercial nursery in
McMinnvillle, TN, in a field plot planted with ‘Jane’ magnolia (Magnolia liliiflora
‘Nigra’ · Magnolia stellata ‘Rosea’). The algal leaf spot disease severity, disease
progression, plant marketability and growth parameters were evaluated. In both
experiments, all treatments reduced algal leaf spot disease severity and disease
progress in comparison with the nontreated control. In Expt. 1, copper octanoate,
copper oxychloride, chlorothalonil water-dispersible granules, chlorothalonil sus-
pension concentrate, didecyl dimethyl ammonium chloride, azoxystrobin D ben-
zovindiflupyr, hydrogen peroxide D peroxyacetic acid, and mono- and di-
potassium salts of phosphorus acid D hydrogen peroxide reduced the disease se-
verity and disease progress the most and were not statistically different from one
another. In Expt. 2, azoxystrobin D benzovindiflupyr, didecyl dimethyl ammo-
nium chloride, and copper oxychloride significantly reduced disease severity and
disease progress (area under disease progress curve). Treatments had no deleterious
effect on plant growth parameters such as height andwidth, and no phytotoxicity of
applied treatments or defoliation was observed. Treated magnolia plants had better
plant marketability compared with the nontreated control plants. The findings of
this study will help growers to achieve better management of algal leaf spot disease
on magnolia trees.

M
agnolias (Magnolia sp.) are
in the family Magnoliaceae,
and belong to a genus that

consists of �240 different species of
large shrubs and trees native to Cen-
tral America, South America, eastern
North America, the Caribbean, and
Southeast Asia (Knox et al., 2012).
These areas range from tropical to
temperate climates. When cultivated,
magnolias tend to do best in moist,
well-drained soils with full sun to
light shade (Knox et al., 2012). Mag-
nolias have been used for medicinal
purposes and timber but are most
commonly sought after for their land-
scape aesthetics contributed by both
flowers and foliage (Knox et al.,
2012).

Southern magnolia (Magnolia
grandiflora) is a popular species due
to its beautiful flowers, foliage, and
plant form. In addition, southern
magnolia is adaptable to a myriad of

different conditions. This has led to
a preference for southern magnolia in
the landscape by consumers and land-
scape architects, and it is the most
widely cultivated species of magnolia
(Knox et al., 2012). However, south-
ern magnolia, and other magnolias
such as ‘Jane’ magnolia (Magnolia
liliiflora ‘Nigra’ · Magnolia stellata
‘Rosea’), are susceptible to several
different pests and diseases, such as
algal leaf spot caused by Cephaleuros
virescens.

Cephaleuros is a genus of parasitic
green algae that thrives in warm,
moist conditions (Nelson, 2008; Pit-
aloka et al., 2015). Cephaleuros con-
sists mostly of parasitic or endophytic
species.C. virescens (previously known
asMycoidea parasitica) is a subcuticu-
lar species, and is the most regularly
reported algal pathogen in this genus
(Nelson, 2008; Zhu et al., 2017).

Cephaleuros virescens causes mostly
leaf spots but also causes fruit spots,
green scurf, and red rust in guava
(Psidium guajava), tea (Camellia
sinensis), and coffee (Coffea arabica)
(Nelson, 2008; Old et al., 2000;
Sunpapao et al., 2016; Suto and
Ohtani, 2009). Algal leaf spot is
found commonly between latitudes
32�N and 32�S in humid, tropical,
and temperate regions, and it has
been reported worldwide on a wide
variety of hosts (Old et al., 2000;
Rindi and Lopez-Bautista, 2008). In
theUnited States, it was first observed
in Florida (Swingle, 1894), and
reported in many plant species in-
cluding citrus (Citrus sp.) (Ruehle,
1936; Steven and Piper, 1941; Suit,
1949; Suit and DuCharme, 1946).
Algal leaf spot is present from theGulf
coast of the southern United States to
as far north along the Atlantic coast as
North Carolina (Holcomb, 1986;
Wellman, 1972). The pathogen is
dispersed by wind or splashing water,

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

29.5735 fl oz mL 0.0338
7.8125 fl oz/gal mL�L–1 0.1280
0.3048 ft m 3.2808
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937
0.5933 lb/yard3 kg�m–3 1.6856

28.3495 oz g 0.0353
7.4892 oz/gal g�L–1 0.1335
6.8948 psi kPa 0.1450

(�F – 32) O 1.8 �F �C (�C ·1.8) + 32
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which causes hosts to be inoculated as
sporangia are deposited on suscepti-
ble tissue.

The most common form of par-
asitism by C. virescens is leaf spot
infection. The leaf spot infection
starts as a yellow-green pinpoint that
usually appears on the topside of the
leaf (Fig. 1), but sometimes on the
underside of the leaf as an irregular
orange to red-brown disc. Leaf spots,
as they enlarge up to 2 cm diameter,
will often be raised and have a velvety
appearance (Nelson, 2008). Leaf spot
affects the lamina, veins, and petioles
(Joubert and Rijkenberg, 1971). In-
fections are consideredminor cosmetic
issues because algae are subcuticular
(Holcomb, 1986); however, subcu-
ticular foliar infections may serve as
a source of inoculum for more de-
structive stem infections (Joubert and
Rijkenberg, 1971). Stem infections
result in swelling, tissue damage, and
bark splitting, ultimately causing twig
death (Holcomb, 1986; Joubert and
Rijkenberg, 1971; Wolf, 1830). In
addition, defoliation of mango (Mag-
nifera indica) and coffee trees, due to
leaf spot infection, was observed un-
der high disease pressure (Wellman,
1972).

In ornamental production, where
the value of plants depends on the
aesthetic beauty and ornamental char-
acteristics, slight incidence of algal leaf
spot disease can decrease the market-
ability. When disease pressure is high,
copper fungicides are the only recom-
mended products to manage this

disease. Therefore, there is clear need
to determine whether additional tools
can effectively manage algal leaf spot
disease in nursery production.

At the IR-4 Environmental Hor-
ticulture Program Workshop in
2015, an algal leaf spot efficacy study
was selected as a regional special pro-
ject for the southern United States
(Palmer, 2015). The objective of this
project was to evaluate different bi-
ological- and chemical-based fungi-
cides for the management of algal leaf
spot disease on magnolia. Those fun-
gicides were also assessed for side
effects such as phytotoxicity and
growth impacts. The results of this
study will provide nursery producers
with potential treatments for algal leaf
spot management.

Materials and methods
Two experiments were con-

ducted in 2017. The first experiment
(Expt. 1) was conducted in a shade
house (56% shade) at the Tennessee
State University Otis L. Floyd Nurs-
ery Research Center in McMinnville,
TN, using southern magnolia plants
grown in 1-gal pots. Growing media
consisted of 100% pine (Pinus sp.)
bark amended with 11.12 lb/yard3

19N–2.1P–7.4K controlled-release
fertilizer (Osmocote Pro; ICL Spe-
cialty Fertilizers, Dublin, OH), 1.01
lb/yard3 micronutrient fertilizer
(Micromax; ICL Specialty Fertil-
izers), 1.01 lb/yard3 chelated iron
(Fe) [Sprint 330 (10% Fe); BASF,
Florham, NJ], and 0.34 lb/yard3

Epsom salts containing 9.8% of mag-
nesium (Mg) and 12.9% of sulfur (S)
(MagnaGrow; PQ Corp., Valley
Forge, PA). Each plant received 10 g
of 18N–2.6P–6.6K controlled-release
fertilizers (Florikan; Florikan, Sara-
sota, FL) on 16 May and 150 mL
24N–3.5P–13.2K of micronutrient
fertilizers (Miracle-Gro water-soluble
all-purpose plant food; Scotts Co.,
Marysville, OH) on 19 May. Plants
were hand watered daily as needed.
The second experiment (Expt. 2) was
conducted at a commercial nursery
(McMinnville, TN) in a field plot with
Waynesboro loam soil. ‘Jane’ magno-
lia plants were transplanted into the
field with 6 · 8-ft row spacing in Apr.
2015. A vegetation-free strip (3 ft
wide) was maintained within each
row with herbicide applications as
needed and rows were separated by
a 6-ft grass strip. Plants were top-

dressed with 72 g 19N–0.9P–6.1K
controlled-release fertilizer (Florikan)
in Aug. 2015, Apr. and Aug. 2016,
and Apr. and Aug. 2017. Plants did
not receive supplemental irrigation in
2015, 2016, and 2017. No mainte-
nance pesticides were applied in either
experiment other than test fungi-
cides. Eleven fungicides representing
10 active ingredients were evaluated
as protective foliar applications for
their ability to manage naturally oc-
curring infection by algal leaf spot
caused by C. virescens of magnolia
following the IR-4 Environmental
Horticulture Program protocol 17-
016 (IR-4 Project, 2017) (Table 1).
The treatments were applied accord-
ing to labeled rates provided by reg-
istrants. Each treatment had six single
plant replications, which were
arranged in a randomized complete
block design. Plants were sprayed
with treatments until runoff from
the foliage using a backpack carbon
dioxide (CO2)-pressurized sprayer
with a tapered edge flat spray pattern
stainless steel nozzle (TP8002VS;
TeeJet Technologies, Springfield,
IL) nozzle at 40 psi. The control
group did not receive any treatments.
All magnolia plants were naturally
infected with algal leaf spot. Symp-
tomatic leaves were collected from
both experimental sites to identify
the causative organism. Morphologi-
cal characteristics under light micro-
scope and colony characteristics on
Bold’s basal medium (Bischoff and
Bold, 1963) were consistent with
those for C. virescens (Thompson and
Wujek, 1997). No other plant patho-
gens were identified using potato dex-
trose agar and water agar media.

The first experiment was con-
ducted from 19 July 2017 to 23 Aug.
2017. The plants were evaluated for
algal leaf spot disease severity, phyto-
toxicity, and defoliation on 18 and 26
July, and 2, 9, 16, and 23 Aug. 2017,
and plant height and width were

Fig. 1. Algal leaf spot caused by
Cephaleuros virescens infecting
magnolia.
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measured on 19 July and 23 Aug.
2017. Plant marketability was evalu-
ated on 23 Aug. 2017. The average
maximum temperatures for 19 to 31
July and 1 to 23 Aug. were 33.0 and
30.6 �C, respectively. Average mini-
mum temperatures were 20.4 and
19.0 �C, respectively. Total rainfall
was 1.6 and 3.79 inches, respectively.

The second experiment was con-
ducted from 22 Aug. 2017 to 19 Sept.
2017. The algal leaf spot disease sever-
ity, phytotoxicity, and defoliation eval-
uations were conducted on 22 and 29
Aug. and 5, 12, and 19 Sept. 2017.
Plant height and width were measured
on 22 Aug. and 19 Sept. 2017. Plant
marketability was evaluated on 19 Sept.
2017. The average maximum temper-
atures for 22–31 Aug. and 1–19 Sept.
were 28.3 and 25.4 �C, respectively.
Average minimum temperatures were
16.1 and 13.5 �C, respectively. Total
rainfall was 0.72 and 4.72 inches,
respectively.

The observations on disease se-
verity, marketability, phytotoxicity,
and defoliation were made after ap-
plication of treatment in a weekly in-
terval for 5 weeks. Algal leaf spot
disease severity was evaluated based
on the percentage of foliage exhibit-
ing symptoms using a scale of 0% to
100% foliage area affected. The dis-
ease progress [area under disease
progress curve (AUDPC)] was calcu-
lated using the formula

P
{[(xi + xi –

1)/2] (ti – ti –1)}, where xi is algal leaf
spot disease severity rating on each

evaluation date and (ti – ti – 1) is the
number of days between evaluations.
The plant marketability was evaluated
using a scale of 1 to 10 (1 = perfect
plant, densely supplied with healthy,
vigorous leaves of normal size, shape,
color and texture, disease damage
barely perceptible; 6 = commercially
acceptable plant, well supplied with
leaves of normal size, shape, color and
texture, disease damage confined; 10 =
nonmarketable plant, fairly supplied
with leaves of small size, shape, chlo-
rosis, and abundant disease damage).
Phytotoxicity data were evaluated us-
ing a scale of 0 to 10 ordinal scale (0 =
no phytotoxicity, 10 = complete kill).
Defoliation was also evaluated using
0 to 10 ordinal scale (0 = no loss of
leaves, 10 = complete loss of leaves).

Disease severity, disease progress
(AUDPC), plant height and width,
plant quality/marketability, phyto-
toxicity, and defoliation were com-
pared among the treatments for both
experiments. One-way analysis of var-
iance (ANOVA) was performed using
general linear model (PROC GLM)
to partition the variance between dis-
ease severity, AUDPC, plant height
and width, plant quality/marketabil-
ity, phytotoxicity, and defoliation
into source attributable to treatments
and errors using statistical software
(SAS version 9.4 for Windows; SAS
Institute, Cary, NC). Treatment
means were separated using Tukey’s
Studentized range test (a = 0.05). All
data met the ANOVA assumptions of

normality and constant variance ex-
cept for disease severity, disease prog-
ress (AUDPC) of Expt. 1 and plant
marketability of Expts. 1 and 2, where
variances were unequal. The Box-Cox
transformation method was chosen
for the appropriate transformation
of data; however, it did not alleviate
the nonconstant variance. Instead,
Welch’s t test was chosen to partition
variance in disease severity, and dis-
ease progress for Expt. 1 into source
attributable to treatment and errors
assuming unequal variance (Welch,
1947; Zheng et al., 2012) and means
were separated by least square means
(a = 0.05). Kruskal-Wallis c2 test was
used to partition the variance in plant
marketability values (Expts. 1 and 2)
into source attributable to treatment
and errors (PROCNPAR1WAY) (a =
0.05).

Results

EFFICACY OF CHEMICAL AND

BIOLOGICAL-BASED PRODUCTS IN

MANAGEMENT OF ALGAL LEAF SPOT

ON SOUTHERN MAGNOLIA: EXPT. 1.
Algal leaf spot infection occurred
naturally, and disease pressure was
low with severity reaching 3.7% in
the nontreated southern magnolia
plants. All of the treatments signifi-
cantly reduced algal leaf spot disease
severity (F = 12.72, P < 0.0001) and
AUDPC (F = 24.35, P < 0.0001)
compared with the nontreated con-
trol (Table 2). The fungicides that
most effectively reduced algal leaf

Table 1. List of chemical- and biological-based products and application dates according to IR-4 protocol formanagement of
algal leaf spot, caused by Cephaleuros virescens, on container-grown southern magnolia and field-grown ‘Jane’ magnolia.

Treatmentz
Active ingredient

concn (%)
Application

datesy Trade name
Fungicide Resistance Action
Committee (FRAC) code

Azoxystrobin + benzovindiflupyr 30.0 + 15.0 1, 2, 3 Mural 11 + 7
Bacillus amyloliquefaciens strain D747 98.85 1, 2, 3 Double Nickel LC F6
Chlorothalonil suspension concentrate 54.0 1 Daconil WeatherStik M 05
Chlorothalonil water-dispersible granule 82.5 1 Daconil ULTREX M 05
Copper octanoate 10.0 1, 2, 3 Camelot O M 01
Copper oxychloride 86.2 1, 2, 3 COC DF M 01
Didecyl dimethyl ammonium chloride 7.5 1, 3 KleenGrow NCx

Hydrogen peroxide + peroxyacetic acid 27.1 + 2.0 1, 2, 3 ZeroTol 2.0 NCx

Mono- and di-potassium salts of phosphorus
acid + hydrogen peroxide

27.1 + 14.0 1, 2, 3 OxiPhos P 07

Potassium bicarbonate 85.0 1, 2, 3 MilStop NCx

Sodium carbonate peroxyhydrate 85.0 1, 2, 3 GCPRO NCx

z0.5 mL�L–1 azoxystrobin + benzovindiflupyr (Syngenta, Greensboro, NC), 10 mL�L–1 Bacillus amyloliquefaciens strain D747 (Certis USA, Columbia, MD), 1.56 mL�L–1

chlorothalonil suspension concentrate (Syngenta), 1.44 g�L–1 chlorothalonil water-dispersible granule (Syngenta), 10 mL�L–1 copper octanoate (SePRO, Carmel, IN), 1.20
g�L–1 copper oxychloride (Albaugh, Ankeny, IA), 1.95 mL�L–1 didecyl dimethyl ammonium chloride (Pace 49, Delta, BC, Canada), 20 mL�L–1 hydrogen peroxide +
peroxyacetic acid (BioSafe Systems, Hartford, CT), 20 mL�L–1 mono- and di-potassium salts of phosphorous acid + hydrogen peroxide (BioSafe Systems), 3 g�L–1 potassium
bicarbonate (BioWorks, Victor, NY), 4.79 g�L–1 sodium carbonate peroxyhydrate (BioSafe Systems); 1 mL�L–1 = 0.1280 fl oz/gal, 1 g�L–1 = 0.1335 oz/gal.
yExpt. 1: 1 = 19 July 2017, 2 = 26 July 2017, 3 = 2 Aug. 2017; Expt. 2: 1 = 22 Aug. 2017, 2 = 29 Aug. 2017, 3 = 5 Sept. 2017.
xNot classified.
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spot disease severity were copper octa-
noate, copper oxychloride, chlorotha-
lonil water-dispersible granules (WDG),
chlorothalonil suspension concentrate
(SC), didecyl dimethyl ammonium
chloride, azoxystrobin + benzovindiflu-
pyr, hydrogen peroxide + peroxyacetic
acid, and mono- and di-potassium salts
of phosphorus acid + hydrogen per-
oxide (Table 2). Plants treated with
biorational products sodium carbon-
ate peroxyhydrate, Bacillus amyloli-
quefaciens strain D747 and potassium
bicarbonate had significantly higher
disease severity than other treatments
(Table 2). The foliar applications of
copper octanoate, copper oxychloride,
chlorothalonil WDG, chlorothalonil
SC, didecyl dimethyl ammonium chlo-
ride, azoxystrobin + benzovindiflupyr,
hydrogen peroxide + peroxyacetic
acid, and mono- and di-potassium
salts of phosphorus acid + hydrogen
peroxide were more effective in re-
ducing disease progress than the foliar
applications of B. amyloliquefaciens
strainD747 and potassiumbicarbonate.

Initial plant heights and widths
did not vary among treatments, which
ranged from an average of 36.0 to
41.3 cm and 25.6 to 28.0 cm, re-
spectively (data not shown). After
completion of treatments, the final

plant heights and widths ranged from
an average of 51.5 to 58.0 cm and
33.0 to 37.1 cm, respectively (data
not shown). Plants treated with azox-
ystrobin + benzovindiflupyr and po-
tassium bicarbonate had significantly
higher incremental growth in plant
height compared with the nontreated
control magnolia plants at the end of
the experiment [F = 3.27, P = 0.0015
(Table 3)]. However, there were no
significant differences in incremental
growth in plant width between
treated and nontreated control mag-
nolia plants (F = 2.01, P = 0.042).

The plant marketability was sig-
nificantly better in all treated south-
ern magnolia plants compared with
the nontreated control plants at the
end of the experiment [c2 = 45.95,
P < 0.0001 (Fig. 2)]. However, all
plants including nontreated control
plants were commercially acceptable
(Fig. 2). Phytotoxicity and defolia-
tion were not observed in any of the
treated southern magnolia plants
(data not shown).

EFFICACY OF CHEMICAL AND

BIOLOGICAL-BASED PRODUCTS IN

MANAGEMENT OF ALGAL LEAF SPOT

ON ‘JANE’ MAGNOLIA: EXPT. 2. Algal
leaf spot infection occurred naturally,
and disease pressure was moderate,

with severity reaching 34.6% in the
nontreated ‘Jane’ magnolia plants. All
of the treatments significantly re-
duced algal leaf spot disease severity
(F = 137.13, P < 0.0001) and disease
progress (F = 56.22, P < 0.0001)
compared with the nontreated con-
trol plants (Table 2). The fungicides
that most effectively reduced algal
leaf spot disease severity were azox-
ystrobin + benzovindiflupyr, copper
oxychloride, and didecyl dimethyl
ammonium chloride (Table 2). The
foliar applications of azoxystrobin +
benzovindiflupyr, didecyl dimethyl
ammonium chloride, copper oxy-
chloride, chlorothalonil WDG, and
sodium carbonate peroxyhydrate
were more effective in reducing dis-
ease progress the foliar applications of
potassium bicarbonate, B. amyloli-
quefaciens strain D747, mono- and
di-potassium salts of phosphorus acid
+ hydrogen peroxide, and hydrogen
peroxide + peroxyacetic acid.

Initial plant heights and widths
ranged from an average of 186 to 207
cm and 120 to 141 cm, respectively
(data not shown). After completion
of treatments, the final heights and
widths of magnolia plants measured
from an average of 190 to 210 cm and
128 to 152 cm, respectively (data not

Table 2. Efficacy of protective foliar application of different chemical- and biological-based products (Table 1) in managing
algal leaf spot, caused by Cephaleuros virescens, disease severity and disease progress [area under disease progress curve
(AUDPC)] in container-grown southern magnolia (Expt. 1) and field-grown ‘Jane’ magnolia (Expt. 2). The control
treatment included the nontreated plants naturally infected with algal leaf spot.

Treatment

Expt. 1 Expt. 2

Final disease
severity (%)z

Disease progress
(AUDPC)y

Final disease
severity (%)z

Disease progress
(AUDPC)y

Azoxystrobin + benzovindiflupyr 0.0 dx 0.0 cx 7.5 hx 161.9 gx

Bacillus amyloliquefaciens strain D747 1.1 bc 10.2 b 23.8 c 370.4 bc
Chlorothalonil suspension concentrate 0.0 d 0.0 c 15.4 e 288.8 d-f
Chlorothalonil water-dispersible granule 0.0 d 0.0 c 11.3 fg 218.8 fg
Copper octanoate 0.0 d 0.0 c 14.2 ef 269.8 ef
Copper oxychloride 0.0 d 0.0 c 7.9 gh 177.9 g
Didecyl dimethyl ammonium chloride 0.0 d 0.0 c 8.8 gh 170.6 g
Hydrogen peroxide + peroxyacetic acid 0.1 d 0.9 c 17.5 de 307.7 c-e
Mono- and di-potassium salts of phosphorus
acid + hydrogen peroxide

0.3 cd 1.5 c 20.8 cd 348.5 b-d

Potassium bicarbonate 1.4 b 11.4 b 27.9 b 408.3 b
Sodium carbonate peroxyhydrate 0.6 bc 4.9 bc 14.2 ef 224.6 fg
Nontreated control 3.7 a 44.3 a 34.6 a 533.8 a

F 12.72 24.35 137.13 56.22
P <0.0001 <0.0001 <0.0001 <0.0001
zFinal disease severity evaluated on 23 Aug. 2017 for Expt. 1 and 19 Sept. 2017 for Expt. 2. Values were the means of six single plant replications in each treatment.
yDisease progress (AUDPC) values were mean disease progression during the entire experimental period and calculated using the formula:

P
{[(xi + xi – 1)/2] (ti – ti – 1)},

where xi is algal leaf spot disease severity on each evaluation date and (ti – ti – 1) is the number of days between evaluations. Values were the means of six single plant replications
that were evaluated from 19 July 2017 to 23 Aug. 2017 (Expt. 1) and 22 Aug. 2017 to 19 Sept. 2017 (Expt. 2).
xTreatment means within columns followed by different letters were significantly different (P £ 0.05). One-way analysis of variance was used to partition variance in disease
severity and AUDPC. Treatment means were separated using Tukey’s Studentized range test (a = 0.05).
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shown). There were no significant
differences in terms of incremental
growth in plant height and width
among treated and nontreated con-
trol magnolia plants [plant height in-
crement: F = 0.19, P = 0.99; plant
width increment: F = 1.25, P = 0.28
(Table 3)].

The plant marketability was sig-
nificantly better in all treated plants
compared with the nontreated control
plants at the end of the experiment
[c2 = 65.99,P < 0.0001 (Fig. 2)]. Plants
treated with azoxystrobin + benzovin-
diflupyr, copper oxychloride, and
didecyl dimethyl ammonium chloride
maintained the best plant marketability.
However, all plants including non-
treated control plants were commer-
cially acceptable (Fig. 2). Phytotoxicity
and defoliation were not observed in
any of the treated ‘Jane’ magnolia
plants (data not shown).

Discussion
Algal leaf spot is a threat during

nursery crop production, as it can
cause primary (direct) and also lead
to secondary (indirect) infection or
disease (Browne et al., 2019). With
primary infection, reduced transpira-
tion, photosynthetic rate, and stoma-
tal conductance were observed in
infected tea plants (Ramya and Pon-
murugan, 2012), whereas algal leaf

Table 3. Incremental growth of southern magnolia (Expt. 1) and ‘Jane’ magnolia (Expt. 2) plants treated with biological-
and chemical-based products (Table 1) for managing algal leaf spot, caused by Cephaleuros virescens, disease severity and
disease progress [area under disease progress curve (AUDPC)] . The control treatment included the nontreated plants
naturally infected with algal leaf spot. Values are the means of six single plant replications in each treatment.

Treatment

Expt. 1 Expt. 2

Increase in plant
width (cm)z

Increase in
plant ht (cm)

Increase in plant
width (cm)

Increase in
plant ht (cm)

Azoxystrobin + benzovindiflupyr 8.17 ± 0.25 ay 20.67 ± 0.80 ay 7.08 ± 1.50 ay 2.50 ± 1.71 ay

Bacillus amyloliquefaciens strain D747 8.20 ± 0.96 a 17.83 ± 0.79 a-c 7.92 ± 3.44 a 2.50 ± 1.12 a
Chlorothalonil suspension concentrate 9.00 ± 0.70 a 16.00 ± 2.37 a-c 8.33 ± 2.20 a 3.33 ± 1.05 a
Chlorothalonil water-dispersible granule 8.42 ± 0.55 a 16.00 ± 0.68 a-c 10.83 ± 3.07 a 3.33 ± 1.67 a
Copper octanoate 10.42 ± 0.72 a 13.50 ± 1.36 c 7.50 ± 1.44 a 3.00 ± 1.91 a
Copper oxychloride 8.67 ± 0.61 a 16.83 ± 1.17 a-c 7.92 ± 2.99 a 2.00 ± 1.63 a
Didecyl dimethyl ammonium chloride 7.50 ± 0.26 a 19.17 ± 1.08 a-c 10.00 ± 1.58 a 3.33 ± 1.67 a
Hydrogen peroxide + peroxyacetic acid 7.42 ± 0.44 a 18.50 ± 1.31 a-c 11.67 ± 2.55 a 4.17 ± 1.54 a
Mono- and di-potassium salts of phosphorus
acid + hydrogen peroxide

9.58 ± 0.92 a 17.00 ± 0.73 a-c 11.25 ± 4.69 a 4.17 ± 1.54 a

Potassium bicarbonate 8.42 ± 0.47 a 20.00 ± 1.37 ab 9.58 ± 3.12 a 4.17 ± 1.54 a
Sodium carbonate peroxyhydrate 8.67 ± 0.53 a 18.83 ± 1.22 a-c 6.25 ± 1.07 a 3.33 ± 1.67 a
Nontreated control 7.42 ± 0.65 a 14.33 ± 0.61 bc 6.67 ± 3.27 a 3.33 ± 1.67 a

F 2.01 3.27 0.45 0.19
P 0.04 0.001 0.92 0.99
z1 cm = 0.3937 inch.
yTreatmentmeans within columns followed by different letters were significantly different (P £ 0.05). One-way analysis of variance was used to partition variance in plant height
and width. Treatment means were separated using Tukey’s Studentized range test (a = 0.05).

Fig. 2. Plant marketability results of magnolia plants after foliar application of
different chemical and biological-based products (Table 1) for naturally occurring
algal leaf spot, caused by Cephaleuros virescens. Foliar applications of treatments
were made until runoff using the backpack carbon dioxide-pressurized tank
attached to a tapered edge flat spray pattern stainless steel nozzle. The plant
marketability was evaluated using a scale of 1 to 10 (1 = perfect plant, densely
supplied with healthy, vigorous leaves of normal size, shape, color and texture,
disease damage barely perceptible; 6 = commercially acceptable plant, well
supplied with leaves of normal size, shape, color and texture, disease damage
confined; 10 = nonmarketable plant, fairly supplied with leaves of small size,
shape, chlorosis, and abundant disease damage) on 23 Aug. 2017 (Expt. 1:
container-grown southern magnolia) and 29 Sept. 2017 (Expt. 2: field-grown
‘Jane’ magnolia). Values were the means of six single plant replications for each
treatment. The control treatment included the nontreated naturally infected
plants with algal leaf spot (nontreated control). Letters beside the bars represent
significant differences in plant marketability of magnolia plants between the
treatments compared with the nontreated controls (Expt. 1: x2 = 45.95, P <
0.0001; Expt. 2: x2 = 65.99, P < 0.0001).
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spot can form associations with other
pathogens resulting in severe symp-
toms. In addition, decreased leaf pig-
ments, nitrogen and amino acids,
sugar, and other essential biochemical
constituents were reported in infected
plants.

In this study, different biolog-
ical- and chemical-based fungicides
were evaluated for their ability to
manage algal leaf spot caused by C.
virescens in two different nursery
production settings using con-
tainer-grown southern magnolia
and field-grown ‘Jane’ magnolia
plants. Algal leaf spot disease sever-
ity and disease progress were high in
the field-grown ‘Jane’ magnolia
trial (Expt. 2) compared with the
container-grown southern magno-
lia trial (Expt. 1), likely due to
variability in magnolia species, crop
growth stage, crop maintenance,
and site conditions, including
weather patterns. Browne et al.
(2019) also observed variable algal
leaf spot disease severity among
locations and years due to variable
weather conditions or crop man-
agement practices.

B. amyloliquefaciens is a gram-
positive bacterium used commercially
as biofertilizer and biocontrol agent
to control different phytopathogens
(Chowdhury et al., 2015). B. amylo-
liquefaciens strain D747 (Double
Nickel LC; Certis USA, Columbia,
MD) showed good efficacy in reduc-
ing algal leaf spot disease severity in
magnolia plants. The antagonistic activ-
ity of the biocontrol agent is due to
competition for nutrients and niches as
well as production of antimicrobial me-
tabolites, and mycoparasitism (Chowd-
hury et al., 2015; Liu et al., 2013; Lopes
et al., 2015).

Copper-based products have
been used for the management of
algal disease in economically impor-
tant crops such as tea (Huq and Ali,
2010). Copper fungicides are classi-
fied as multisite and inhibit pathogen
growth by disrupting the cellular
protein (Chase, 2010). In this study,
copper oxychloride (COC DF;
Albaugh, Ankeny, IA) effectively con-
trolled algal leaf spot disease severity
and disease progress in both experi-
ments. This finding was similar to that
of Coates et al. (2009), where copper
oxychloride was effective in managing
algal leaf spot on mango. According
to Kumar et al. (2017), spraying of

0.3% of copper oxychloride was rec-
ommended for effective management
ofC. virescens on litchi (Litchi chinen-
sis). Copper octanoate (Camelot O;
SePRO, Carmel, IN) also substan-
tially reduced the disease severity
and disease progress in the current
study. Both copper fungicides, cop-
per oxychloride and copper octa-
noate, had statistically similar levels
of disease suppression in Expt. 1;
however, efficacy of copper oxychlor-
ide was statistically superior to copper
octanoate in Expt. 2.

Mono- and di-potassium salts of
phosphorous acid + hydrogen perox-
ide (OxiPhos; BioSafe Systems, Har-
ford, CT) substantially lowered the
disease severity and disease progress
compared with the nontreated con-
trol in this study. A similar result
was observed by Browne et al.
(2019), where potassium phosphite
(mono- and di-potassium salts of
phosphorous acid) significantly con-
trolled algal orange cane blotch in
blackberry caused by C. virescens.
Potassium phosphite acts directly
by inhibiting spore germination and
growth (Dobrowolski et al., 2008) or
activating the plant’s natural defense
mechanism against different phyto-
pathogens (Mucharromah and Kuc,
1991). In addition, hydrogen peroxide
causes oxidative damage of cells and
eventually death of the target patho-
gen (National Center for Biotech-
nology Information, 2020).

Potassium bicarbonate (MilStop;
BioWorks, Victor, NY) showed low to
moderate performance in reducing the
algal leaf spot disease severity and dis-
ease progress in both experiments
compared with the nontreated control.
Potassiumbicarbonate is a nonsystemic
fungicide and its efficacy depends on
the contact; it causes the collapse of
the hyphal wall and shrinkage of
conidia of the pathogen, reducing
the sporulation, growth and germi-
nation (Sawant and Sawant, 2008).
Similarly, Palmer et al. (1997) ob-
served that the anion of bicarbonate
primarily decreased the colony
growth of Botrytis cinerea spores in
an in vitro study. Other mechanisms
include the change in leaf surface pH,
and potassium imbalances.

Sodium carbonate peroxyhydrate is
a granular algaecide used to treat fila-
mentous algae and cyanobacteria (Geer
et al., 2016). In this study, sodium
carbonate peroxyhydrate (GCPRO;

BioSafe Systems) effectively reduced
the algal leaf disease severity and
disease progression in comparison
with nontreated controls. The anti-
algal activity of sodium carbonate
peroxyhydrate could be due to pro-
duction of reactive oxygen species
such as hydrogen peroxide (H2O2).
When sodium carbonate peroxyhy-
drate comes in contact with mois-
ture, it is transformed into hydrogen
peroxide and sodium carbonate,
which also have antifungal proper-
ties (Palmer et al., 1997). Hydrogen
peroxide causes oxidative damage to
mitochondrial cells and other criti-
cal components of target organisms
and ultimately kills them (National
Center for Biotechnology Informa-
tion, 2020).

Two sanitizers known for anti-
microbial properties were screened:
didecyl dimethyl ammonium chloride
(KleenGrow; Pace 49, Delta, BC,
Canada) and hydrogen peroxide +
peroxyacetic acid (ZeroTol 2.0, Bio-
Safe Systems). Didecyl dimethyl am-
monium chloride and hydrogen
peroxide + peroxyacetic acid showed
good efficacy in managing algal leaf
spot disease severity and disease
progress in magnolia plants. A simi-
lar result was observed by Baysal-
Gurel et al. (2014), where didecyl
dimethyl ammonium chloride sub-
stantially reduced the B. cinerea
incidence in tomato (Solanum lycoper-
sicum) fruit. These two treatments
cause the membrane disruption of
a target pathogen and inhibit patho-
gen growth and development (Gilbert
and Moore, 2005; Newman, 2004),
thus providing broad-spectrum con-
trol against algal leaf spot disease.
The efficacy of both products was
statistically similar in Expt. 1,
whereas didecyl dimethyl ammo-
nium chloride was more effective
than hydrogen peroxide + peroxy-
acetic acid in Expt. 2 when disease
pressure increased.

Chlorothalonil WDG (Daconil
ULTREX; Syngenta, Greensboro,
NC) and chlorothalonil SC (Daconil
WeatherStik; Syngenta) significantly
reduced algal leaf spot disease severity
and disease progression in this study.
No differences in leaf spot disease
severity and disease progression were
observed between these two treat-
ments in Expt. 1, whereas chlorotha-
lonil WDG reduced disease severity
and disease progression compared
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with chlorothalonil SC in Expt. 2.
Performance differences could be re-
lated to formulation, leaf area index,
the spray volume and percentage sur-
face area covered by products applied,
differential disease pressure, location,
and weather conditions. On contact
with a pathogen, chlorothalonil re-
acts in cells by replacing chlorine
with sulfhydryl groups of glutathione
and other low-molecular weight thiols,
thus inhibiting activity of thiol-depen-
dent enzymes (Barak and Edgington,
1984; Tillman et al., 1973). Efficacy of
chlorothalonil has not been docu-
mented before in management of algal
leaf spot of magnolia. Because chloro-
thalonil is a multisite contact fungicide,
it has been used as a rotational and tank
mix partner to avoid resistance devel-
opment in crop diseases (Brenneman
and Culbreath, 2000), and it is antici-
pated to act similarly for algal leaf spot.

The fungicide azoxystrobin +
benzovindiflupyr (Mural; Syngenta)
effectively controlled algal leaf spot
severity and disease progress in both
experiments. The benzovindiflupyr
belongs to the succinate dehydroge-
nase inhibitor group and azoxystro-
bin belongs to the quinone outside
inhibitor group of fungicide (Fungi-
cide Resistance Action Committee,
2020). Both fungicides interfere with
the cellular respiration process by
blocking the mitochondrial electron
transport system. This results in in-
hibition of the cellular energy cycle,
and ultimately the pathogen dies
(Veloukas and Karaoglanidis, 2012;
Zeng et al., 2015). The combination
of azoxystrobin + benzovindiflupyr
may have added flexibility (multiple
target sites) in their action against
algal leaf spot, providing better algal
leaf spot disease management com-
pared with other treatments.

Plant growth parameters such as
height and width were not influenced
by the application of treatments in
this study. However, treated plants
had better quality compared with the
nontreated southern magnolia and
‘Jane’ magnolia plants. The superior
quality of treated plants could be re-
lated to reduced symptom expression
even though photosynthetic potential
was not sufficiently improved to stim-
ulate significant increases in plant
growth.

The goal of this study was to help
growers obtain better management of
algal leaf spot disease on magnolia

trees. Azoxystrobin + benzovindiflu-
pyr, didecyl dimethyl ammonium
chloride, and copper oxychloride per-
formed best in both experiments
whereas copper octanoate, chlorotha-
lonil WDG, chlorothalonil SC, hy-
drogen peroxide + peroxyacetic acid,
and mono- and di-potassium salts of
phosphorous acid + hydrogen perox-
ide performed well with the light
inoculum load. Depending on the
disease pressure and necessity, the
fungicides and biorational products
should be rotated for effective disease
suppression and to avoid any resis-
tance development (Bika et al.,
2020). For example, mono- and di-
potassium salts of phosphorous acid +
hydrogen peroxide can be effective
if routinely sprayed in rotation among
other similar tools, but azoxystrobin +
benzovindiflupyr and copper oxy-
chloride should be reserved for higher
disease pressure and used in rotation
to guard against the development of
resistance to active ingredients. The
efficacy of fungicides and biorational
products hinges on different factors
related to plants and application of
products. This current study used
two cultivars of magnolia plants. Dis-
ease severity, disease progress, and
efficacy of products to maintain the
marketability should be evaluated in
different cultivars of southern mag-
nolia to get a more complete knowl-
edge of algal leaf spot management.
In addition, knowledge on timing of
application, concentrations, and
combining or rotation of fungicides
should be developed in future; the
current study does not address
these. A comprehensive study on
the effect of weather factors, such
as relative humidity and tempera-
ture, in disease development and
progression should be carried out
to allow better management of algal
leaf spot disease.

Under the current circum-
stances, where there is not much
information about algal leaf disease
management on magnolia, growers
should adopt an integrated disease
management strategy. A good
strategy would be incorporation of
fungicides and biorational products
with existing sanitary and cultural
practices and rotating single site fun-
gicides with multisite fungicides or
biorational products, which will help
to maintain the effectiveness and life-
span of available chemistries.
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