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In Sept. 2009, trichoderma rot was observed on ‘Fallglo’ tangerine fruit after harvest, degreening, and storage under
ambient conditions. The decay symptoms were as previously reported for trichoderma rot. The fungus was isolated from
the diseased peel of symptomatic fruit and its morphological characteristics were typical of Trichoderma, as described
previously. The fungus was identified as Trichoderma atroviride based on morphology and confirmed by sequencing
comparison to known isolates. ‘Fallglo’ fruit developed the same disease symptoms after being wound-inoculated with
a spore suspension of T. atroviride (2.1 × 107/mL) isolated from the original diseased tissue. This is the first report of T.
atroviride being pathogenic to citrus fruit.

Postharvest decay of fresh citrus is a major cause of product
losses after harvest (Wardowski et al., 2006). Diplodia stem-end
rot (Lasiodiplodia theobromae), green mold (Penicillium digitatum), brown rot (Phytophthora citrophthora), and early season
anthracnose (Colletotrichum gloeosporioides) are among the most
important diseases of Florida citrus. Trichoderma rot of citrus is
caused by Trichoderma viride Pers. ex Gray (syn. T. lignorum Tode
ex Harz) (Eckert and Brown, 2000). It was reported in California
in 1925 (Fawcett, 1925) and later reported to cause severe losses
to export shipments from California during the 1950s and 1960s
(Harding and Savage, 1962). The disease was rated as the second
most important disease after green mold in South Africa (Christ,
1964). In Florida, Trichoderma has been mentioned only in passing as a potential source of decay on Florida citrus (Smoot et al.,
1983). While not anticipated to be a significant source of decay
of Florida citrus, this manuscript identifies a different species of
trichoderma rot occurring on Florida ‘Fallglo’ tangerine that has
not been reported on citrus before.

when up to 68% of the fruit had developed diplodia stem-end
rot (Lasiodiplodia theobromae), small amounts (~3%) of an
unknown decay symptom appeared on some of the fruit (Fig.
1). There was no relationship between the development of this
unknown decay and the fungicide treatments, likely because of
its variable and low occurrence compared to the amount of fruit
lost to diplodia. Control fruit that had been dipped in water prior
to harvest and that developed the unusual decay symptoms were
placed into a plastic container with >95% RH to further observe
symptom development.
Isolation and purification. Diseased peel tissue from
symptomatic fruit was cut into small (~5 mm2) pieces using a
sterile knife and pieces were surface sanitized with 6% sodium
hypochlorite solution (The Clorox Company, Oakland, CA)
for 45 s and then rinsed three times with sterile, deionized (DI)
water. The tissue samples were placed into 100 × 15 mm petri

Materials and Methods
Source of fruit. Trichoderma rot was found on stored ‘Fallglo’ fruit harvested 24 Sept. and 5 Oct. 2009 from a commercial
grove located in Indian River County. The trees were managed
using commercial fresh fruit cultural practices and were used as
part of a preharvest fungicide study. The fruit had been dipped
with water or one of seven compounds, mostly fungicides, and
then harvested 3 or 14 d afterwards. After harvest, the fruit were
degreened for 5 d with 5 ppm ethylene at 29 °C and ~95% relative humidity (RH). After degreening, the fruit were stored under
ambient room conditions (~23 °C and 60% RH) and evaluated
weekly for decay and peel disorders. After 35 d of storage,
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Fig. 1. ‘Fallglo’ tangerine fruit with trichoderma rot after 35 d of storage at
about 23 °C.
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dishes containing potato dextrose agar (PDA; Becton, Dickinson
and Co., Sparks, MD) medium and incubated at 25 °C. Mycelia
growth was observed for more than 14 d. Pure cultures of the
isolates were obtained by transferring the colonies to PDA plates
via conidial transfer and were used to identify the fungal genus
(Kiraly et al., 1974).
Fruit inoculation. Five healthy ‘Fallglo’ fruit from the same
block were harvested and held at 10 °C for 35 d before transfer
to room temperature 2 h before surface disinfection with 75%
alcohol. The fruit were allowed to air dry and then each fruit was
punctured at two sites along the equator using a sterile needle
(28-G1/2, Becton Dickinson and Company, Frankin Lakes, NJ),
and approximately 5 µL of spore suspension from a 10-day-old
culture (2.1 × 107 CFU/mL) were placed on the surface of the
wounded sites. The fruit was immediately placed into a covered
plastic tray with high humidity maintained by placing a sterile
wet rag on the bottom of the tray, and kept on the lab bench at
about 24 °C. Two healthy fruit, which were wounded but not
inoculated, were included in the same tray as a negative control.
Species identification. The original fungal culture was used
to create new plates on PDA amended with chloramphenicol (177
mg/L) and streptomycin (263 mg/L) (PDA-SC). Hyphal tips were
excised from the thallus and placed in a modified Van Tieghem
cell (Tuite, 1969). The hyphal-tip culture was used to inoculate
potato dextrose broth (PDB) for DNA analysis and PDA plates to
characterize the fungus morphologically. The fungus was grown
at 25 °C with 12 h diurnal light provided by a bank of standard
34-W cool-white fluorescent bulbs. Morphological data was
submitted to the USDA, PEET Project Trichoderma interactive
key (Samuels et al., 2011).
For the DNA sequence analysis, one 5-mm plug was taken from
the edge of the actively growing mycelium and placed in 50 mL
of PDB. The mycelial mat from a 3-day-old culture was ground
in liquid nitrogen with a mortar and pestle. Genomic DNA was
extracted using the UltraClean™ Microbial DNA Isolation Kit
(MO-BIO Laboratories, Carlsbad, CA). The internal transcribed
spacer region was amplified using primers SR6 and LR1 (Abadi,
2008; Vilgalys and Hester, 1990). Amplification of a portion of
the translation elongation factor 1a (EF1-a) was performed using
primer pair EF-728F and Tef1R (Hanada et al., 2008). All reactions were performed in a PTC-200 MJ Research thermocycler
(Waltham, MA) with 2xGoTaq (Promega, Madison, WI). The
amplification products were gel electrophoresed (1% agarose)
and extracted from the gel using the QIAquick® gel extraction
kit following the manufacturer’s instructions (Qiagen Sciences,
Gaithersburg, MD). DNA concentration in the extracted products
was estimated using a ND-1000 spectrophotometer (Nanodrop
Technologies, Inc., Wilmington, DE) and extracted amplicons
were sequenced using primers for amplification on an ABI3730XL
automated sequencer at the USHRL DNA Sequence Support
Laboratory. DNA sequences were edited to remove ambiguous
bases using Sequencher 4.1 (Gene Codes Corp., Ann Arbor, MI)
and were submitted to TrichOKEY 2 (Druzhinina et al., 2005)
and TrichoMARK (Kopchinskiy et al., 2005) for analysis.
Results and Discussion
Symptoms and species identification. Trichoderma lesions on
‘Fallglo’ tangerine that developed after 35 d storage under room
conditions and high RH were as described by Eckert and Brown
(2000) (Fig. 1). Morphological characteristics that were evident
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in isolation plates were typical of T. atroviride as described by
Barnett and Hunter (1998). Koch’s postulates were performed
on healthy fruit using the organism isolated from original fruit
disease lesions; symptoms and fungal morphology that developed
on the inoculated fruit were identical to the initial decay. Control
fruit that were wounded but not inoculated did not develop decay.
Amplification of the rDNA resulted in an amplified sequence
of approximately 1180 bp. Four of four anchors were identified
by TrichoMARK for ITS1 and 2. The informative portion of this
sequence, containing the anchor sequences, was compared to the
sequences in the International Subcommission on Trichoderma and
Hypocrea Taxonomy (ISTH) database and had 100% identity to the
Hypocrea atroviridis/T. atroviride isolate CBS142.95 (GenBank
accession AY380906). Amplification of the partial sequence of the
elongation factor 1-a resulted in a product of approximately 640
bp. A BLAST nucleotide collection search using the megablast
option resulted in 100% identity of the putative citrus T. atroviride
isolate with T. atroviride strain GJS 02-96 (GenBank accession
DQ307550). These three combined pieces of information result
in the conclusion that the isolate is T. atroviride.
Decay of Florida citrus fruit has likely has been infrequently
caused by Trichoderma spp. since the early days of its production
(Smoot et al., 1983). However, specific reports positively identifying Trichoderma as the causal organism on Florida citrus have
not been found. This manuscript reports that the decay of Florida
‘Fallglo’ tangerine fruit was caused by T. atroviride P. Karsten.
This species has not been reported as causing decay on citrus
before. However, trichoderma rot is expected to remain a rare
occurrence in Florida and should be easily controlled by careful
handling, good sanitation practices, and the use of postharvest
fungicides (Eckert and Brown, 2000; Pelser, 1972). Rapid cooling and holding fruit below 10 °C also slows the development of
Trichoderma (Eckert and Brown, 2000)
Literature Cited
Abadi, K.M. 2008. Novel plant bio-protectants based on Trichoderma
spp. strains with superior characteristics. PhD Diss. Abstr. <http://www.
fedoa.unina.it/3296/1/salem_abadi_khaled_agrobiologia_xxi.pdf>.
Barnett, H.L. and B.B. Hunter. 1998. Illustrated genera of imperfect
fungi. APS Press, St. Paul, MN.
Christ, R.A. 1964. Postharvest diseases of South African citrus fruit. S.
Afr. Citrus J. 369:7–19.
Druzhinina, I., A.G. Kopchinskiy, M. Komon, J. Bissett, G. Szakacs, and
C.P. Kubicek. 2005. An oligonucleotide barcode for species identification in Trichoderma and Hypocrea. Fungal Genet. Biol. 42:813–828.
Available at <http://www.isth.info/tools/molkey/index.php>. Accessed
15 July 2011.
Eckert J.W. and G.E. Brown. 2000. Trichoderma rot, p. 45. In: L.W.
Timmer, S.M. Garnsey, and J.H. Graham (eds.). Compendium of citrus
diseases, 2nd Edition. APS Press, St. Paul, MN.
Fawcett, H.S. 1925. The decay of citrus fruits on arrival and in storage
at Eastern markets. Calif. Citrograph 10:79, 98–99, 103.
Hanada, R.E., T. de Jorge Souza, A.W.V. Pomella, K.P. Hebbar, J.O.
Pereira, A. Ismaiel, and G.J. Samuels. 2008. Trichoderma martial
sp. nov., a new endophyte from sapwood of Theobroma cacao with a
potential for biological control. Mycol. Res. 112:1335–1343.
Harding, P.R. and D.C. Savage. 1962. Investigation of the ability of
Geotrichum candidum and Trichoderma viride to spread contact
infection in nonvented versus vented cartons of lemons. Plant Dis.
Rep. 46:804–807.
Kiraly, Z., Z. Klement, F. Solymosy, and J. Voros. 1974. Methods in
plant pathology. Elsevier Scientific Publ. Co., Amsterdam, London,
New York. p. 271, 276.

233

Kopchinskiy, A.G., M. Komoj, C.P. Kubicek, and I.S. Druzhinina. 2005.
TrichoBLAST: A multiloci database for Trichoderma and Hypocrea
identification. Mycol. Res. 109:657–660. Available at <http://www.
isth.info/tools/blast/preblast.php>. Accessed 15 July 2011.
Pelser, P.D. 1972. Decay control in Washington Naval and Valencia oranges
by application of TBZ or Benomyl suspended in water or incorporated
into waxes. Citrus Grower and Sub-tropical Fruit J. 463:12–13.
Samuels, G.J., P. Chaverri, D.F. Farr, and E.B. McCray. 2011. Trichoderma
Online, Systematic Mycology and Microbiology Laboratory, ARS,
USDA. Retrieved 15 July 2011. <http://nt.ars-grin.gov/taxadescriptions/keys/TrichodermaIndex.cfm>.

234

Smoot, J.J., L.G Houck, and H.B. Johnson. 1983. Market diseases of
citrus and other subtropical fruits. U.S. Dept. Agr. Hdbk. No. 398.
Tuite, J. 1969. Plant pathological methods: Fungi and bacteria. Burgess
Publ. Co., Minneapolis, MN. p. 217.
Vilgalys, R. and M. Hester. 1990. Rapid genetic identification and mapping
of enzymatically amplified ribosomal DNA from several Cryptococcus
species. J. Bacteriology 172:4238–4246.
Wardowski, W.F., W.M. Miller, D.J. Hall, and W. Grierson. 2006. Fresh
citrus fruits, p. 339–340. 2nd ed. Florida Science Source, Longboat
Key, FL.

Proc. Fla. State Hort. Soc. 124: 2011.

