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The genus Cephaleuros comprises plant parasitic algae distributed in tropical and subtropical zones
globally. This study aimed to select culture media and optimize the culture conditions for Cephaleuros
species. An extensive survey was conducted in southern Thailand and five species were found, namely,
Cephaleuros diffusus on baegu leaves, C. expansa on orange jasmine leaves, C. karstenii on cacao
leaves, C. pilosa on mangosteen leaves, and C. virescens on soursop leaves. To select suitable culture
media, the five Cephaleuros species were cultured on Bold’s basal medium (BBM), bristol medium, high
salt medium (HSM), trebouxia medium, trebouxia bristol medium, and modified BBM. All the Cephaleuros
species grew well in BBM, followed by HSM and bristol media. Bold’s basal medium amended with indole-
3-acetic acid (IAA) was found to be the most suitable for growth of all these Cephaleuros species when
compared with plain BBM. Furthermore, culture under 24 h light maximized growth of the five
Cephaleuros species. The results showed that BBM amended with IAA was the most suitable medium for
Cephaleuros species cultures under incubation with 24 h light. Gametangia-like body and sporangia were
formed on BBM after 3 mo of incubation. Further research is needed regarding cultures of pure

Cephaleuros species on synthetic media in genetic studies and in tests of pathogenicity in plants.
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Abbreviations: BBM - Bold’s basal medium, HSM - high salt medium, IAA - indole-3-acetic acid, PCR — polymerase
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INTRODUCTION

The Cephaleuros genus of algae belongs to Division
Chlorophyta, Class Ulvophyceae, Order Trentepohliales,
and Family Trentepohliaceae (Guiry and Guiry 2017).
Algae in this genus are subaerial and cause obvious
orange to dark brown velvety lesions on several
herbaceous and woody plants (Joubert and Rijkenberg
1971; Thompson and Wujek 1997; Suto and Ohtani 2009;
Suto et al. 2014). Among the 16 species that have been
included in this genus, four species grow intercellularly
(Cephaleuros biolophus, C. minimus, C. parasiticus, and C.
pilosa), whereas the remaining 12 species grow beneath the host
cuticles. Cephaleuros virescens is the most frequently
reported species worldwide and has a wide range of hosts
(Joubert and Rijkenberg 1971; Marlatt and Alfieri 1981;
Chapman and Good 1983; Holcomb 1986; Thompson and
Woujek 1997; Suto and Ohtani 2009; Sunpapao et al. 2015).

Cephaleuros growth on the upper leaf surfaces of a host plant
causes depletion of water and mineral nutrients from the
host tissues (Wolf 1930) and secretes harmful algal
metabolites (Joubert and Rijkenberg 1971). Cephaleuros
species have been recorded in tropical and subtropical
zones worldwide (Chapman and Good 1983). C. solutus
was first characterized in durian plantations of southern
Thailand (Pitaloka et al. 2014). Later studies in Thailand
have reported on species composition of Cephaleuros and
their hosts (Pitaloka et al. 2015; Sunpapao and Pitaloka
2015; Sunpapao et al. 2015, 2016a, 2016b, 2017).

Several studies have focused on the culture of
Cephaleuros on various synthetic media (Mann and
Hutchinson 1907; Wolf 1930; Suématu 1957; Joubert 1969;
Chowdary 1970; Joubert et al. 1975; Jose and Chowdary
1977, 1978; Ponmurugan et al. 2009, 2010; Suto and Ohtani
2011a). Culturing a pure Cephaleuros species on synthetic
media was necessary for DNA extraction and PCR
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amplification in a study of genetic relationships (Pitaloka
et al. 2014; Sunpapao et al. 2015). Pure culture of
Cephaleuros species is needed for the inocula in verification of
Koch’s postulate requirements of a plant pathogen (Suto
and Ohtani 2011a, 2011b), and in the conduct of
karyological studies (Jose and Chowdary 1977; Suto and
Ohtani 2011a). This study was conducted to select a
synthetic medium for Cephaleuros growth, and to
optimize the culture conditions most favorable for
Cephaleuros species.

MATERIALS AND METHODS

Sample Collection and Morphology Identification

Leaf samples containing algal thalli were collected from
baegu (Gnetum gnemon), cacao (Theobroma cacao),
mangosteen (Garcinia mangostana), orange jasmine
(Murraya paniculata) and soursop (Annona muricata) as host
plants in Hatyai City, Songkhla province, southern
Thailand. During collection from June to August 2016, the
temperature range was 27-30 °C, with 80-83% relative
humidity and 10-15 mm rainfall (Regional Meteorological
Center, Hatyai, Thailand, 2016). Algal thalli were
removed from the upper leaf surfaces with a razor blade
and placed on glass slides for morphology identification.
Macroscopic and microscopic features of the algal
specimens were observed under a stereomicroscope
(Leica S8APO, Leica,
microscope (Leica DM750, Leica, Germany), and were
identified based on the key to species by Thompson and
Wujek (1997).

Germany) and a compound

Isolation and Culture

Algal thalli isolations were conducted according to the
method previously described by Suto and Ohtani (2011a).
Leaf samples containing algal thalli were surface cleaned
with running tap water for 1 h, wiped with sterilized
paper, and dipped in 70% ethanol for 30 s, in 5% NaClO
for 30 s, and in sterilized distilled water three times. Algal
thalli were removed from leaf surfaces with a sterilized
razor blade as a thin layer (2-3 mm), and were placed on
synthetic media. The algal portions were transferred to
algal culture broth since this is an autotrophic medium
(Chapman and Henk 1985). The medium alternatives
tested were Bold’s basal medium (BBM) (Bischoff and
Bold 1963), bristol medium (Bold 1949), high salt medium
(Sueoka 1960), trebouxia medium (Atlas and Parks 1997),
trebouxia bristol medium (Keller et al. 1987), and
modified BBM (plus peptone 1.5 g L, dextrose 10 g L,
and yeast extract 0.5 g L1), with incubation at 28 + 2 °C,
and 12/12 h dark/light regime for 3-6 mo. Colonies of
algal growth on the synthetic media were measured, and
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morphologies of the algal filaments were observed.

Effects of Growth Hormone (Indole-3-acetic Acid) and
Light on Algal Growth
To investigate the effects of indole-3-acetic acid (IAA) on
algal growth, BBM and BBM amended with 2 mg L were
prepared. Each colony of Cephaleuros species, sampled
from the various host plants, was transplanted on BBM
and on BBM amended with 2 mg L, and incubated at 28
°C, with 12/12 h dark/light regime for 1 mo. Growth of the
algal colonies on the synthetic media was measured.
Light is the main physical factor required for
photosynthesis by several plants and green algae. To test
the effects of light period on algal growth, each colony of
Cephaleuros species was transplanted onto BBM and incubated
at 28 + 2 °C with alternative light and dark cycles of 6:18,
12:12 and 24:0 h for 1 mo. Algal growth was measured
afterwards.

Statistical Analysis

The effects of culture media, light and growth hormone
were normalized in terms of percentage relative to the
control. Algal growth diameter and dimensions were
measured on each medium. Data on colony size were
analyzed using SPSS software version 15 for Windows.
Statistical significance was evaluated using Tukey’s HSD
test at P <0.05.

RESULTS AND DISCUSSION

To identify the algae causing leaf spot disease on several
host plants, lesions with algal thalli were collected from
baegu, cacao, mangosteen, orange jasmine and soursop
leaves. The most obvious symptom was orange tufts
found on upper leaf surfaces, consisting of Cephaleuros
thalli. The lesions varied from small spots that were more
or less circular and raised, to flat discs with entire or
crenate margins. The general characteristics of
Cephaleuros, including growth habit and the dimensions of
filaments, setae and sporangia, were observed under
stereomicroscope and compound microscope (Fig. 1).
Based on the key to species used by Thompson and
Wujek (1997), the algal morphospecies were identified as
C. diffusus on baegu, C. expansa on orange jasmine, C.
karstenii on cacao, C. pilosa on mangosteen, and C. virescens
on soursop (Table 1). The growth habit of C. pilosa was
intercellular, while the growth habit of the other four
species was subcuticular.

Among the media alternatives tested for isolation and
culture of the five Cephaleuros species, Bold’s basal
medium (BBM) was found to be the most suitable,
whereas high salt medium (HSM) supported moderate
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orange to dark brown velvety spot lesions on leaf,
b) sporangiophores project from upper leaf
surface, c) filamentous cells of Cephaleuros

virescens, d) asexual reproductive structures
composed of sporangiophores (sp), head cells
(hc), and zoosporangia (zs), e) gametangia,
sexual reproductive structures (arrows), and f)
subcuticular growth habit of Cephaleuros species,
showing thallus (th), cuticle (cu), epidermis (ep),
and palisade cells (ps), and necrotic plant tissue
beneath the algal thallus (arrows).

growth (Table 2). Algal C. diffusus, C. expansa and C. pilosa
could grow on bristol medium, whereas the other species
could not. The thalli of all five Cephaleuros species on
any of the culture media were soft and floccose with
aerial greenish filaments (Fig. 2). The colony margin was
initially entire and became irregular in later stages (Fig.
2). The algal filaments were straight in all colonies of C.
diffusus, C. expansa, C. karstenii, C. pilosa and C. virescens
(Fig. 2e). Depending on the culture medium, the
filamentous cells sometimes swelled into globose to
ellipsoid shapes resembling gametangia (Fig. 2f), known
as gametangia-like bodies; sporangia formations also
developed in the greenish filaments (Fig. 2g). No gametes
produced by the gametangia-like bodies.
Hematochrome was observed in the filaments and
gametangia-like bodies appeared as small droplets (Fig. 2f

were

& 2g). These observations are in agreement with those of
Suto and Ohtani (2011a), who cultured five Cephaleuros
species (C. aucubae, C. biolophus, C. japonicus, C.
microcellularis, and C. virescens) without production of
gametes or zoospores, on BBM and CA media.

BBM was the most suitable for culturing the five
Cephaleuros species and was therefore selected to further test
the effects of growth hormone and light on algal growth.
Bold’s basal medium was amended with 2 mg L' TAA
and its effects were compared with the effects of using
BBM alone. BBM amended with IAA was found to give
maximum growth of the five Cephaleuros species (Fig.
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Table 1. Cephaleuros species detected from leaf
samples of select host plants.

Host Location Cephaleu-
ros Species
Common Scientific
Name Name
Baegu Gnetum Songkhla,  Cephaleuros
gnemon Thailand diffusus
Cacao Theobroma Songkhla, C. karstenii
cacao Thailand
Mango- Garcinia man- Songkhla, C. pilosa
steen gostana Thailand
Orange Murrayapa-  Songkhla, C. expansa
jasmine niculata Thailand
Soursop Annona Songkhla, C. virescens
muricata Thailand

i e—‘:‘?ﬁ\ iy v/:. // =
Culture characteristics of Cephaleuros
species: a) algal leaf spot lesions on a mature
leaf (arrows), b) growth of algal colonies on
high salt medium broth, c) growth of algal
colonies on Bold’s basal medium, d) magnified
view of a greenish colony of a Cephaleuros
species, €) greenish filaments of a
Cephaleuros species, f) gametangia-like
bodies (arrows), and g) sporangium formation
on a greenish filament (arrows).

3A, Table 3) compared with use of BBM alone. Mean
colony sizes of the five Cephaleuros species were 4.6-6.3
mm on BBM amended with 2 mg L1 IAA, and 1.6-2.6 mm
on BBM alone (Table 3). No reproductive structures
(gametangia or sporangia) developed in the algal colonies
cultured on either medium (Fig. 3B). To test the effects of
light on algal growth, the five Cephaleuros species were
cultured on BBM and incubated at 28 + 2 °C with
alternative light and dark cycles of 6:18, 12:12 and 24:0 h.
The results showed that 24 h light resulted in maximum
growth of the five Cephaleuros species, with mean colony
sizes of 3.0-3.6 mm at 1 mo of incubation, whereas the

The Philippine Agricultural Scientist Vol. 101 No. 1 (March 2018) 47



Growth Conditions for Algal Cultures

Table 2. Growth of Cephaleuros on synthetic media.
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Culture Media

Cephaleuros Species

C. diffusus C. expansa C. karstenii C. pilosa C. virescens
Algal culture broth "z - _ _ _
Bold’s basal medium +++ +++ +++ +++ o+
Bristol medium + + - + _
High salt medium + ++ + ++ ++

Trebouxia medium - -

Trebouxia Bristol - -
medium

Bold’s basal medium - -
(modified)

1 +++ Prominent growth, ++ moderate growth, + weak growth, — no growth

2Colony size > 2 mm = high growth, 1-2 mm = moderate growth, <1 mm = low growth at 3 mo of incubation

N~ Q S

Fig. 3. A: Colonies of Cephaleuros species on Bold’s
basal medium (BBM) (a-e), and on BBM +
indoleacetic acid (IAA) 2 mg L™ (f—j). The species
are Cephaleuros diffusus (a & f), C. expansa (b &
g), C. karstenii (c & h), C. pilosa (d & i), and
C. virescens (e & j). B: No reproductive structures
on filamentous cells of Cephaleuros spp. without
IAA (a) and with IAA (b).

light and dark cycles 6:18 and 12:12 h resulted in mean
colony sizes of 1.6-2.6 and 2.0-2.8 mm, respectively
(Table 4). Since Cephaleuros species are distributed in
tropical and subtropical worldwide, these
experiments were done at ambient room temperature (28
+ 2 °C) without testing for effects of temperature on algal
growth.

C. virescens cultured on agar medium containing mineral
salts and dextrose showed cushion-like filament mass
(Wolf 1930). Furthermore, cultures of C. solutus and C.
virescens on agar medium containing mineral salts, ferric

zones

citrate, citric acid, and micronutrient solutions have

Table 3. Growth of Cephaleuros species on Bold’s
basal medium (BMM) and indoleacetic acid (IAA).

Mean Colony Size (mm)

Cephaleuros BBM BBM+2mgL"
Species IAA
C. diffusus 2.33+0.57° 6.33+1.15°
C. expansa 1.66 +1.15° 6.00 + 1.73°
C. karstenii 2.66 + 1.52° 5.66 + 2.08°
C. pilosa 2.33+1.15° 6.00 + 1.00°
C. virescens 2.33 +1.52° 4.66 +0.57°

Different superscripts within a row indicate significant differ-
ence by Tukey’s HSD test (p < 0.05)

Mean +/- standard deviation from three replicates

shown fluffy types of thalli that are quite different from
those found on plant leaves (Jose and Chowdary 1977).
Reproductive structures such as gametangia-like bodies
and sporangia were formed by the five Cephaleuros
species, but zoospores or gametes were not observed on
agar media. C. virescens formed gametangia on Benecke’s
agar medium but no gametes were observed (Suématu
1957). Furthermore, gametangia and sporangia were
formed when C. virescens was cultured on nutrient agar
amended with growth hormones including auxin,
indolyl-3-acetic acid, indolyl-3-butyric acid,
indolyl-3-propionic acid (Chowdary 1969).
Recently, algae in the genus Cephaleuros were
considered novel as plant pathogens (Brooks et al. 2015).
That study on Cephaleuros focused particularly on
biology, host range, species identification, and seasonal
developments. Selection and optimization of the synthetic
medium for culturing Cephaleuros species may be useful

and
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Table 4. Effects of light on growth of Cephaleuros species on Bold’s basal synthetic medium.

Cephaleuros Species

Mean Colony Size (mm)

L:D 6:18" L:D 12:12 L:D 24:0
C. diffusus 1.6 £ 0.55° 2.0 £ 0.00° 34%054°
C. expansa 2.6 +0.54° 2.2 +0.84° 3.6 +0.54°
C. karstenii 1.6 +0.00° 2.8 +0.55° 3.4 +0.89°
C. pilosa 1.8 £ 0.45° 2.0+ 0.00° 3.0+ 1.00°
C. virescens 2.2 +0.44° 2.4 +0.00% 3.4 +1.00°

1Hours of light and dark in one cycle (L: D)

Different superscripts within a row indicate significant difference by Tukey’s HSD test (p < 0.05)

Mean +/- standard deviation from three replicates

because i) a pure Cephaleuros culture may be subjected to
DNA extraction and PCR amplification for genetic
inoculation by algal
fragments from a pure culture is required to verify Koch’s

relationship studies, and ii)
postulates of a plant pathogen (Suto and Ohtani 2011b).
Recently, Ratanapaiboonkit and Wannathong (2015)
reported that cultures of Cephaleuros on HSM and Bristol
media accumulated high levels of p-carotene, and might
be used as a new [3-carotene source for the food industry.
Our study indicates that BBM amended with 2 mg
IAA and incubated under 24 h light may be used as a
suitable condition,
culturing Cephaleuros species. Recently, Ponmurugan et
al. (2010) revealed that some amino acids found in C.
parasiticus filaments may relate to pathogenicity of these algae
to host plants. A knowledge of biochemistry may be
useful in understanding the physical relations between

medium and respectively, for

the host and the parasite in nature (Ponmurugan et al.
2007). Further studies are still needed on useful and other
biochemical components accumulated in plant parasitic
green algae Cephaleuros spp. when cultured on synthetic
media.

ACKNOWLEDGMENTS

The authors thank the Prince of Songkla University (grant
no. NAT590712S and NAT610511N) and the Center of
Excellence in Agricultural and Natural Resources
Biotechnology (CoE-ANRB) phase 2, Faculty of Natural
Resources, Prince of Songkla University, Thailand for
funding and other support to this project. The copy-
editing service of RDO/PSU and the helpful comments of
Dr. Seppo Karrila on the manuscript prior to submission
for publication are gratefully acknowledged.

REFERENCES CITED
ATLAS RM, PARKS LC. 1997. Handbook of Microbiological
Media, 274 ed. London: CRC Press.

BISCHOFF HW, BOLD HC. 1963. Phycological Studies IV. Some
Soil Algae from Enhanced Rock and Related Algal Species.

Univ. Texas Publ. No. 6318, Texas. 95 p.

BOLD HC. 1949. The morphology of Chlamydomonas
chlamydogama sp. nov.. Bull Torrey Bot Club 76: 101-108.

BROOKS F, RINDI F, SUTO Y, OHTANI S, GREEN M. 2015. The
Trentepohliales (Ulvophyceae, Chlorophyta): an unusual
algal order and its novel plant pathogen, Cephaleuros. Plant
Dis 99(6): 740-753.

CHAPMAN RL, GOOD BH. 1983. Subaerial symbiotic green
algae: interactions with vascular plant hosts. In: Goff LG,
editor. Algal Symbiosis: A Continuum of Interaction
Strategies. Cambridge, UK: Cambridge University Press. p.
173-204.

CHAPMAN RL, HENK MC. 1985. Observations on the habit,
morphology, and ultrastructure of Cephaleuros parasiticus
(Chlorophyta) and comparison with C. virescens. ] Phycol 21:
513-522.

CHOWDARY YBK. 1969. Induction of reproductive organs in
Cephaleuros virescens. Indian ] Microbiol 3: 153-158.

CHOWDARY YBK. 1970. Cultural and nutritional requirements
of Cephaleuros virescens Kunze. Indian Biologist 2: 75-79.

GUIRY MD, GUIRY G. 2017. AlgaeBase. Worldwide electronic

publication, National University of Ireland, Galway.

Retrieved on April 04, 2017 [http://www.algaebase.org/]

HOLCOMB GE. 1986. Hosts of the parasitic alga Cephaleuros
virescens in Louisiana and new host records for the continental
United States. Plant Dis 70: 1080-1083.

JOSE G, CHOWDARY YBK. 1977. Karyological studies on
Cephaleuros Kunze. Acta Bot Indica 5: 114-122.

JOSE G, CHOWDARY YBK. 1978. Effect of three nitrogen sources
on the growth of Cephaleuros Kunze isolates. Phykos 18: 69—
72.

JOUBERT JJ. 1969. Cultivation of Cephaleuros virescens Kunze
on an artificial medium. Rev Biol 7: 1-6.

JOUBERT ]JJ, RJKENBERG FHJ. 1971. Parasitic green algae.
Annu Rev Phytopathol 9: 45-64.

JOUBERT JJ, RJKENBERG FHJ, STEYN PL. 1975. Studies on the
physiology of a parasitic green alga, Cephaleuros sp.
Phytopath Z 84: 147-152.

KELLER MD, SELVIN RC, CLAUS W, GUILLARD RRL. 1987.

The Philippine Agricultural Scientist Vol. 101 No. 1 (March 2018) 49



Growth Conditions for Algal Cultures

Media for the culture of oceanic ultraphytoplankton. ] Phycol
23: 633-638.

MANN HH, HUTCHINSON CM. 1907. Cephaleuros virescens
Kunze: the ‘Red rust’ of tea. Mem Dept Agr India Bot Ser 1: 1-
33.

MARLATT RB, ALFIERI SA Jr. 1981. Hosts of a parasitic alga,
Cephaleuros Kunze in Florida. Plant Dis 65: 520-522.

PITALOKA MK, PETCHARAT V, SUNPAPAO A. 2014.
Cephaleuros solutus Karsten, as a causal agent of durian (Durio
zibethinus Murray) algal spot disease in Thailand. Khon Kaen
Agric ] 42 (Suppl 3): 644-648.

PITALOKA MK, PETCHARAT V, ARIKIT S, SUNPAPAO A.
2015. Cephaleuros virescens, the cause of an algal leaf spot on Para
rubber in Thailand. Australasian Plant Dis Notes 10: 1-4.

PONMURUGAN P, BABY Ul, RAJKUMAR R. 2007. Growth,
photosynthetic and biochemical responses of tea cultivars
infected with various diseases. Phytosynthetica 45: 143-146.

PONMURUGAN P, SARAVANAN D, RAMYA M. 2010.
Cultural and biochemical analysis of a tea algal pathogen,
Cephaleuros parasiticus. ] Phycol 46: 1017-1023.

PONMURUGAN P, SARAVANAN D, RAMYA MV,
SRINIVASAN TR, BABY Ul, AJAY D. 2009. Studies on
Cephaleuros parasiticus Karst, a pathogenic alga causing red rust
disease in tea plantations. Short Sci Rep 37: 70-73.

RATANAPAIBOONKIT K, WANNATHONG T. 2015. Isolation
and pigment investigation of plant pathogenic algae genus
Cephaleuros. KMUTT Res Dev ] 38: 367-382.

SUEMATU S. 1957. Notes of the cultivation-form of Cephaleuros
virescens. Jpn ] Phycol 5: 38—43.

SUEOKA N. 1960. A statistical analysis of deoxyribonucleic acid
distribution in density gradient centrifugation. Proc Nat Acad
Sci 45: 1480-1490.

SUNPAPAO A, BUNJONGSIRI P, THITHUAN N, ARIKIT S.
2016a. Cephaleuros parasiticus, associated with algal spot
disease on Psidium guajava in Thailand. Australasian Plant
Dis Notes 11: 1-4.

Penpadsorn Bunjongsiri and Anurag Sunpapao

SUNPAPAO A, BUNJONGSIRI P, THITHUAN N, ARIKIT S.
2017. First report of Cephaleuros virescens causing algal leaf
spot of Manilkara zapota in Thailand. Plant Dis 101: 636.

SUNPAPAO A, PITALOKA MK. 2015. A new record of plant
parasitic green algae, Cephaleuros diffusus (Trentepohliaceae,
Chlorophyta), on Acacia auriculiformis hosts in Thailand.
Biodiversitas 16(2): 116-120.

SUNPAPAO A, PITALOKA MK, ARIKIT S. 2015. The genus
Cephaleuros Kunze ex E. M. Fries (Trentepohliales, Ulvophyceae)
from southern Thailand. Nova Hedwigia 101(3-4): 451-462.

SUNPAPAO A, PITALOKA MK, ARIKIT S. 2016b. Algal leaf
spot associated with Cephaleuros virescens (Trentepohliales,
Ulvophyceae) on Nephelium lappaceum in Thailand.
Biodiversitas 17(1): 31-35.

SUTO Y, GANESAN EK, WEST JA. 2014. Comparative
observations on Cephaleuros parasiticus and C. virescens
(Trentepohliaceae, Chlorophyta) from India. Algae 29: 121-
126.

SUTO Y, OHTANI S. 2009. Morphology and taxonomy of five
Cephaleuros species (Trentepohliaceae, Chlorophyta) from Japan,
including three new species. Phycologia 48: 213-236.

SUTO Y, OHTANI S. 201la. Morphological features and
chromosome numbers in cultures of five Cephaleuros species
(Trentepohliaceae, Chlorophyta) from Japan. Phycol Res 59:
42-51.

SUTO Y, OHTANIS. 2011b. Inoculation of the aerial algae of five
Cephaleuros species to living leaves of various woody plants. Jpn |
Phycol Sorui 59: 131-138 (in Japanese with English summary).

THOMPSON RH, WUJEK D. 1997. Trentepohliales: Cephaleuros,
Phycopeltis, and Stomatochroon: Morphology, Taxonomy, and
Ecology. Enfield, NH, USA: Science Publishers Inc. 67 p.

WOLF FA. 1930. A parasitic alga, Cephaleuros virescens Kunze,
on citrus and certain other plants. ] Elisha Mitchell Sci Soc 45:
187-205.

50 The Philippine Agricultural Scientist Vol. 101 No. 1 (March 2018)



