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Saprophytic Colonization of Citrus Twigs by Diaporthe citri  
and Factors Affecting Pycnidial Production and Conidial Survival 
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Alfred 33850; A. Vicent, Instituto Agroforestal Mediterráneo, Universidad Politécnica de Valencia, Valencia-46022, 
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Melanose produces brick red lesions on 
citrus fruit, twigs, and leaves that vary 
from individual spots to large tearstain and 
mudcake patterns on the fruit (16). The 
disease is caused by Diaporthe citri F.A. 
Wolf (anamorph: Phomopsis citri H. 
Fawc.). Melanose affects all citrus species, 
but grapefruit and lemons are the most 
susceptible. The disease occurs in most 
citrus-growing areas of the world. It is 
most severe in moist, subtropical regions, 
less severe in the humid tropics, and unim-
portant in arid areas. It usually does not 
affect tree growth or fruit yield, but can 
reduce profitability of the fresh-market 
fruit. In Florida, Timmer et al. (12) re-
ported that a reduction of 10% in the per-
centage of fresh-market grapefruit by 
melanose caused a loss of $866 per hec-
tare. Since fruit prices in the 2005–2006 
season were much higher than at the time 
of that study, losses would be even greater 
now. 

D. citri forms pycnidia and perithecia on 
dead twigs in the grove and does not 
sporulate on or survive well in living tissue 
(8,9,16). The primary source of inoculum 
is conidia that are produced in masses that 
exude from pycnidia embedded in dead 
twigs and are washed down on leaves, 
twigs, and fruit by rain-splash. Ascospores 
are produced in perithecia in larger dead 
wood and dispersed by air. Although asco-
spores are not considered to be a major 
source of inoculum, they do play a signifi-
cant role in long-distance dispersal (16). D. 
citri survives in living twigs and sapro-
phytically colonizes the twigs when they 
die (4). The reproductive cycle of this fun-
gus is from twig to twig, and the infection 
of fruit and leaves has no significance for 
reproduction (9). As the tree ages and dead 
twigs accumulate, more inoculum of D. 
citri is produced, increasing the severity of 
melanose in the grove (2). Alternate wet-
ting and drying of the twigs induces 
pycnidial formation and maturation. Mon-
dal et al. (4) found that moisture, tempera-
ture, twig size, and melanose severity were 
factors that influenced pycnidium produc-
tion. Pycnidial production was maximized 
when severely affected, detached twigs 3 
to 5 mm in diameter were dried, incubated 
at 28°C, and soaked for 3 to 4 h three 
times weekly. 

D. citri requires a minimum of 8 to 16 h 
of moisture for infection of citrus leaves, 
depending on the temperature (1). In Flor-
ida, infection of fruit by D. citri occurs 
from petal fall to midsummer (16), and the 
fruit becomes resistant to infection by 
early July. High rainfall and temperature 
with extended periods of wetness in June 
and July in Texas caused severe melanose 
on grapefruit, and fruit become resistant 
about the same time as they do in Florida 
(11). Removal of dead twigs can reduce 
the levels of infection (17), but fungicide 
applications are needed to obtain a high 
level of control (10). Programs using cop-
per and QoI fungicides have been devel-
oped for varieties with different levels of 
susceptibility (10,12). Fungicides are pri-
marily protective and have little or no ef-
fect in reducing inoculum on dead twigs 
(14,15). 

Mechanical hedging and topping of cit-
rus trees is a common practice in Florida to 
facilitate harvest, increase light penetra-
tion, and allow movement of farm equip-
ment. These practices leave large amounts 
of dead limbs and twigs in the tree canopy. 
In our earlier study (4), we found that 
melanose-free twigs did not produce 
pycnidia of D. citri after they died and 
considered that such twigs would not be a 
source of inoculum. However, we did not 
consider the possibility of secondary, sap-
rophytic colonization of dead twigs in that 
study. No studies have been conducted on 
the longevity of inoculum production from 
dead twigs or the ability of conidia to sur-
vive once they have exuded from the 
pycnidium. 

In this study, we investigated sapro-
phytic colonization of dead twigs under 
laboratory and field conditions. The dura-
tion of inoculum production and survival 
of conidia were studied under both condi-
tions, and the effects of humidity and tem-
perature on the survival and pathogenicity 
of conidia exuded from pycnidia were 
investigated. A preliminary report of this 
study has been published (6). 

MATERIALS AND METHODS 
Laboratory studies. Production of co-

nidia. Isolates Ser-2-2, P-94, D-1, and 
JMP-2 collected from melanose-affected 
grapefruit trees (5) were grown on potato 
dextrose agar (PDA) for about 10 days. 
From these cultures, four agar plugs with 
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mycelia, one from each isolate, were trans-
ferred to dishes containing five to seven 
segments of autoclaved grapefruit twigs 
about 2 mm in diameter and 2 to 3 cm in 
length embedded into PDA. The cultures 
were incubated for 45 to 50 days at 25°C 
and examined for pycnidial production. 
Pycnidia were produced on the embedded 
twigs after 6 to 7 weeks. Conidia were 
collected under a stereomicroscope with a 
sterile needle from masses exuded from 
pycnidia on twigs and suspended into ster-
ile distilled water. Conidial concentration 
in the suspension was adjusted to 105 co-
nidia per ml and used for inoculations. 

Saprophytic colonization. To determine 
whether dead twigs could be colonized, 60 
1-year-old healthy grapefruit twigs about 2 
to 4 mm in diameter were collected from a 
mature grapefruit grove. Twigs were cut 
into 10-cm-long segments, air-dried for 7 
to 10 days, and autoclaved. These twigs 
were then soaked in a conidial suspension 
of 105 conidia per ml for about 12 h at 
25°C. Inoculated twigs were air-dried in 
mesh bags for 7 to 10 days in the labora-
tory. To induce pycnidial production, twigs 
were soaked for 3 to 4 h three times 
weekly on alternate days for 45 to 50 days 
according to the method of Mondal et al. 
(4). Pycnidia are embedded in the twig 
tissue and are not readily visible. Thus, to 
determine the number of mature pycnidia, 
twigs were placed in a moist chamber 
overnight to induce exudation of conidial 
masses to determine the extent of coloniza-
tion and pycnidial production. 

Conidial production from artificially in-
oculated twigs. In studies to determine the 
quantity and duration of conidial produc-
tion, twigs artificially inoculated were 
prepared as above. A rain tower was con-
structed to measure the effect of simulated 
rain on pycnidial development and conidial 
production. The rain tower was a box 75 
cm high and 30 cm wide and built with 2-
mm-thick Plexiglas. The top was fitted 
with a 30 × 30 cm plate with a spray noz-
zle at the center and connected to a water 
source by rubber tubing. The twigs were 
placed onto a 25 × 25 cm wire mesh plat-
form located 35 cm below the nozzle. The 
bottom portion of the tower was fitted with 
another bowed glass plate to channel the 
liquid into a beaker. Water pressure was 
adjusted to produce 1.2 liters/min of simu-
lated rain sprayed uniformly over the 
twigs. Twigs were sprayed for 10 s four 
times a day at 2-h intervals once a week 
for 10 months. The concentration of co-
nidia in the water was determined using 
hemacytometer and expressed as conidia 
per twig. Pathogenicity of conidia was 
tested on five grapefruit seedlings. Conidia 
(105 per ml) were sprayed on young shoots 
of grapefruit according to the method of 
Agostini et al. (1). Inoculated seedlings 
were covered with plastic bags and placed 
in the mist bed at ambient temperature (18 
to 25°C) and light conditions for 16 h, then 

moved to the greenhouse for symptom 
development. The experiment was con-
ducted twice and the average values for the 
two experiments are presented. 

Effect of relative humidity and tempera-
ture on the production of conidial masses. 
To determine the effect of relative humid-
ity on production of conidial masses from 
pycnidia on twigs, closed desiccators were 
set up with salt and sucrose solutions to 
create different relative humidities. Satu-
rated solutions of NaNO3, sucrose, KNO3, 
KH2PO4, and distilled water were used to 
create relative humidities of 74.0, 85.0, 
92.5, 96.0, and 100%, respectively (7). 
Humidities in the chambers were verified 
using a Ratio Signal Remote Thermometer 
(Fisher Scientific, Pittsburgh, PA). Cham-
bers were maintained at 25°C. Air-dried 
twigs with mature pycnidia were placed 
inside chambers adjusted to the different 
humidities for 36 to 48 h. To determine the 
effect of temperature on the production of 
conidial masses, plastic moist chambers 
were placed in incubators at 5, 20, 24, 28, 
and 32°C. Air-dried twigs with mature 
twigs were placed in the moist chambers 
for 36 to 48 h. The twigs in both studies 
were rated under a stereomicroscope, and 
density of pycnidia exuding conidial 
masses was rated on a 0 to 5 scale, where 0 
= none, 1 = 1 to 50, 2 = 51 to 100, 3 = 101 
to 150, 4 = 151 to 200, and 5 = >200 
pycnidia. The data presented are the aver-
age of the 15 twigs per treatment for the 
relative humidity experiment and 30 for 
the temperature treatments. In each case, 
two experiments were conducted. 

Effect of humidity on viability and 
pathogenicity of conidia. In this study, 50 
to 60 twigs with recently matured pycnidia 
with exuded conidial masses were placed 
inside the desiccators adjusted to the same 
humidities described above. Eight twigs 
were placed in each chamber for 50 to 60 
days. Five to seven conidial masses were 
retrieved arbitrarily from the twigs bi-
weekly using a fine needle and placed in 1-
ml of sterile distilled water. Suspensions 
were diluted to 2,000 conidia per ml, and 
0.1 ml was spread onto acid PDA (1.6 g of 
tartaric acid per liter of PDA) and incu-
bated for 3 to 5 days at 25°C and the colo-
nies counted and expressed as the percent-
age of the total conidia applied. The 
pathogenicity of conidia was determined 
on detached young grapefruit leaves. 
Young leaves, from one-half to two-thirds 
of full expansion, were collected from 
greenhouse-grown grapefruit seedlings, 
disinfested for 2 min in 0.5% sodium hy-
pochlorite and 2 min in 70% ethanol, and 
rinsed three times in sterile distilled water. 
Leaves were blotted dry and placed abaxial 
side up on plates of 1.5% water agar. Six 
10-µl droplets of a conidial suspension (3 
× 105 conidia per ml) were placed on each 
leaf. For each test, two petri dishes with 
six leaves were inoculated. In one dish, 
four leaves were mock-inoculated with 

droplets of sterile, deionized water as a 
control. Disease symptoms were rated 
using a 0 to 3 scale, where 0 = no discol-
oration or pustule appearance, 1 = mild, 2 
= moderate, and 3 = severe discoloration 
and pustule development. The data pre-
sented are averages of six inoculated 
leaves. The two experiments are presented 
separately since the variances of the two 
experiments were not homogeneous. 

Effect of temperature on viability and 
pathogenicity of conidia. Fifteen twigs with 
mature pycnidia with conidial masses were 
placed in incubators at 5, 20, 24, 28, and 
32°C for 60 days. The ambient relative 
humidities in the incubators as measured 
using a hygrothermograph (Spectrum Tech-
nologies, Plainfield, IL) were approximately 
12% at 5°C, 42% at 20°C, 64% at 24°C, 
71% at 28°C, and 91% at 32°C. Conidial 
survival and pathogenicity to grapefruit 
leaves were determined as described above. 
The data presented are the average of 15 
twigs and two experiments. 

Field studies. Colonization of twigs. 
Disease-free grapefruit twigs about 3 to 4 
mm in diameter were cut into 10-cm-long 
segments, air-dried for 7 days, autoclaved, 
and placed into mesh bags. The bags were 
placed in the canopy of grapefruit trees in 
a grove near Lake Alfred, FL, at monthly 
intervals for 2 years from January 2004 to 
December 2005. Each monthly sample 
consisted of three bags with 10 twigs each. 
At the end of each month, bags were re-
turned to the laboratory and soaked 3 to 4 
h, three times a week on alternate days for 
45 to 50 days to induce formation and 
maturation of pycnidia. The twigs were 
placed in the moist chambers for 24 to 36 
h to observe conidial mass formation. The 
numbers of twigs producing conidial 
masses were counted and expressed as 
percentage of twigs colonized by D. citri. 
Pathogenicity of conidia produced in the 
masses was tested on detached young 
grapefruit leaves as described above. The 
number of rain days (days with more than 
0.25 mm of rain), total rainfall, and aver-
age temperature data were retrieved from a 
weather station located about 500 m from 
the experimental site. 

Production of conidial masses on artifi-
cially inoculated twigs. Mesh bags (20 × 
20 cm) containing 10 artificially inocu-
lated twigs of grapefruit with mature 
pycnidia were air-dried in the laboratory 
and placed in the tree canopy of grapefruit 
to determine the duration of conidial mass 
production on the colonized dead twigs. 
Three bags of 10 twigs each were collected 
for evaluation once a month for 8 to 10 
months. Twigs were placed in the moist 
chambers as described above to observe 
production of conidial masses and were 
rated under a stereomicroscope using the 0 
to 5 scale described above. The experiment 
was conducted once from December 2004 
to August 2005 and repeated from May 
2005 to December 2005. 
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Experimental design and data analysis. 
All the experiments were conducted at 
least twice. Data from the two studies were 
pooled for presentation in most instances 
since the variances of final outputs were 
homogeneous according to Bartlett’s two-
tailed F test, P ≤ 0.05. Regression analyses 
were used to determine relationships be-
tween factors in some experiments. In those 
instances, curve-fitting was employed to 
determine nature of the relationships using 
the means of the two experiments. All 
analyses were conducted using SAS Version 
8.2 (SAS Institute, Cary, NC). 

RESULTS 
Laboratory studies. Saprophytic colo-

nization. Inoculation of autoclaved dead 
grapefruit twigs with conidia of D. citri 
resulted in colonization of all of the twigs. 
All 60 colonized twigs produced abundant 
pycnidia after they were soaked for 3 h on 
alternate days three times a week for 40 to 
50 days. 

Conidial production on artificially in-
oculated twigs. The inoculated twigs ex-
posed to the rain tower conditions begin-
ning immediately after inoculation began 
to produce conidia after 80 days and 
reached a peak after 100 to 120 days after 
inoculation (Fig. 1). Peak production con-
tinued for about 30 to 40 days, then de-
clined, and production essentially ceased 
by 280 to 300 days. Total conidial produc-
tion on saprophytically colonized twigs 
was estimated to be about 3.5 × 109 co-
nidia per twig. The conidia produced in 
pycnidia on colonized twigs were highly 
pathogenic to grapefruit leaves on all assay 
dates. 

Relative humidity and temperature ef-
fects on production of conidial masses. 
There was a significant positive linear 
relationship between the density rating of 
conidial masses produced from artificially 
inoculated twigs and relative humidity 
(Fig. 2A). Conidial exudation from 
pycnidia on twigs was highest at 96 to 
100% relative humidity (RH) after 36 to 48 
h, and virtually no conidial masses were 
produced at 50% RH. Exudation of conidia 
was greatest at 28°C and lower at 20, 24, 
and 32°C; exudation was minimal at 5°C 
(Fig. 2B). 

Effects of humidity and temperature on 
the viability and pathogenicity of conidia. 
Conidia survived well on dead twigs at 50 
and 70% RH, but then survival declined 
exponentially and was very low at 96 to 
100% RH (Fig. 3A). Pathogenicity fol-
lowed an exponential decline with increase 
in relative humidity (Fig. 3B). 

Temperature had a significant effect (P 
< 0.05) on the viability of conidia in 
masses on the dead twigs (Fig. 4). Conidia 
survived well at 5 and 20°C, but survival 
declined exponentially at higher tempera-
ture (Fig. 4A). Pathogenicity declined in a 
pattern similar to survival (Fig. 4B), indi-
cating that the conidia that survived were 

still pathogenic. The effect of temperature 
on survival was complicated by the differ-
ences in relative humidity in the different 
incubators, and survival at high tempera-

tures may have been greater if humidities 
had been lower. 

Field studies. Colonization of twigs. 
Autoclaved twigs placed monthly in the 

 

Fig. 1. Production of conidia of Diaporthe citri from artificially inoculated dead citrus twigs as meas-
ured in a rain splash chamber with time after inoculation. Average of two experiments. 

 

Fig. 2. Effect of A, relative humidity and B, temperature on the exudation of conidial masses of Diaporthe 
citri from mature pycnidia on artificially inoculated dead citrus twigs. Average of two experiments. 
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tree canopy in grapefruit grove were colo-
nized by D. citri to some extent in every 
month of the year (Fig. 5). The pattern of 
colonization was similar in both years. 
Colonization was greatest in the early part 
of the rainy season in June and July, but 
declined later in the rainy season in August 
and September. A relatively low percentage 
of the twigs was colonized in the dry sea-
son from fall to late spring. The percentage 
of the twigs colonized was significantly 
related to the number of rain days and to 
average temperature, but not to total rain-
fall (Table 1). Stepwise multiple regression 
analyses were conducted, but colonization 
of twigs was no more related to any com-
bination of weather factors than to any 
factor alone. Rainfall and temperature 
were often negatively correlated, compli-
cating the interpretation of these factors. 

Production of conidial masses. When 
colonized twigs were placed in the field at 
different times of the year, the number of 
pycnidia that produced conidial masses 
increased with time and peaked 3 to 4 
months after placement and then declined 
(Fig. 6). In both experiments, some pycnidia 
remained viable for 8 to 10 months. 

DISCUSSION 
The majority of the inoculum of D. citri 

is produced on dead twigs in the canopy of 

the tree, and disease increases with in-
creasing amounts of dead twigs in the tree 
(2,4,16). In our earlier study (4), we found 
that dead melanose-affected twigs pro-
duced mature pycnidia in about 45 days 
when wetted and dried three times a week. 
Production of pycnidia only occurred on 
melanose-affected twigs, and production 
increased as disease severity increased. 
Since many of the twigs removed by hedg-
ing and topping would be on the outside of 
the canopy, most would have low levels of 
infection. Thus, we concluded that the 
presence of melanose-free twigs that re-
mained in the canopy following hedging 
and topping would not represent a high 
risk of infection. We also found that de-
tached melanose-affected twigs placed in 
the canopy from January to April produced 
the greatest number of pycnidia. However, 
we did not consider the possibility of sec-
ondary saprophytic colonization of unaf-
fected twigs that might be present in the 
trees. 

In this study, detached twigs free of 
melanose were readily colonized in the 
laboratory, and detached melanose-free 
twigs placed in the field were colonized 
and produced large numbers of pycnidia, 
especially in the summertime. Thus, twigs 
remaining in the canopy after hedging and 
topping could become colonized and in-

crease the inoculum supply. According to 
our previous study (4), melanose-affected 
twigs that die from January to April supply 
most of the inoculum for infection of fruit, 
which are susceptible from petal fall in 
April till the fruit become resistant in early 
July (10,16). Since the spring season in 
Florida is relatively dry, most of the infec-
tion by D. citri on twigs and leaves occurs 
on the summer flush of growth. As found 
in the current study, that time also appears 
to be the most likely period that any dead, 
melanose-free twigs could be colonized by 
D. citri. However, twigs colonized during 
the summer rainy season would likely be 
decayed before the next fruit season (4) 
and would be an unlikely source of inocu-
lum during the principal infection period 
for fruit. They could serve as a source of 
inoculum for late summer vegetative 
flushes and serve to perpetuate and in-
crease disease levels in trees. 

Few previous studies have been con-
ducted on the factors affecting conidial 
production and survival of conidia pro-
duced in the slimy spore masses that exude 
from pycnidia on citrus or on other crops. 
With Phomopsis blight of red-cedar, 
Hodges and Green (3) found that conidia 
could survive on dead tissues for as long as 
18 to 24 months. In the present study, we 
found that conidia are exuded onto the 

Fig. 3. Effect of relative humidity on A, survival and B, pathogenicity
of conidia of Diaporthe citri in masses that had exuded onto the sur-
face of artificially inoculated citrus twigs after 60 days. Variances of
the two experiments were not homogeneous, and results of each are
presented separately. 

Fig. 4. Effect of temperature on A, survival and B, pathogenicity of conidia of
Diaporthe citri in masses that had exuded onto the surface of artificially in-
oculated citrus twigs after 60 days. Average of two experiments. 
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surface of the twigs not only when it rains 
but also during periods of high humidity. 
Conidia are exuded as spore tendrils (16) 
under conditions of low humidity and as 
slimy masses at high humidity. The viabil-
ity of conidia exuded and maintained un-
der humid conditions is shorter than for 
conidia exuded and maintained under drier 
conditions. Thus, conidia produced in the 
rainy summer season would have to be 
dispersed soon after exudation to be infec-
tious. However, conidia exuded under drier 
and cooler conditions in late fall and win-
ter would likely remain viable for extended 
periods. It appears from our results that as 
long as conidia remain viable, they are still 
pathogenic as well. 

D. citri is a serious pathogen of citrus 
causing severe blemishing of fruit that 
reduces its value for the fresh market. 
However, this fungus is a weak parasite on 

this host. It is very difficult to isolate from 
leaves and fruit (5) and can only be recov-
ered shortly after infection (9,16). The 
fungus does survive in twigs as quiescent 
infections in pustules and only colonizes 
the twigs after they die. As determined in 
this study, the fungus is capable of surviv-
ing solely as a saprophyte. Melanose is not 
a problem in young plantings, and the first 
infections probably occur as a result of 
airborne ascospores (16). Melanose in-
creases in groves as they age, but in Flor-
ida, the disease is seldom a problem until 
trees are 12 to 13 years old (10). Inoculum 
availability increases as the amount of 
dead wood increases in the trees (2). In-
oculum increase may result from infection 
of young twigs, which develop symptoms 
and eventually die and produce conidia, or 
by saprophytic colonization of melanose-
free twigs that have died from other causes 

such as shading or injury. Removal of dead 
twigs can eliminate some inoculum and 
reduce disease on citrus (17) as with other 
Phomopsis diseases on crops such as peach 
(13) and red-cedar (3), but physical re-
moval of dead twigs from citrus trees 
would not be economical under current 
conditions. Twig death can be minimized 
by maintaining good fertilization and cul-
tural practices, controlling pests and dis-
eases, and mechanical topping of trees to 
remove some inoculum and to allow better 
sunlight penetration. 
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Fig. 5. Percentage of dead, sterilized citrus twigs placed in a citrus tree canopy at monthly intervals
that were colonized by Diaporthe citri. Bars equal SE of the means. 

 

Fig. 6. Density of conidial masses formed on dead citrus twigs artificially inoculated with Diaporthe 
citri after various periods of time following their placement in the tree canopy in the field. Experiment
1 was conducted from December 2004 to October 2005 and experiment 2 from May 2005 to April
2006. Bars equal SE of the means. 

Table 1. Linear regression analysis of the rela-
tionship of rainfall and temperature to the per-
centage of detached grapefruit twigs that were 
colonized by Diaporthe citri after placement in 
the tree canopya 

 
Weather factors 

2004 
R2 

2005 
R2 

Rain days/month 0.34* 0.51**
Rainfall (total/month) 0.23 ns 0.14 ns
Average monthly 

temperature 
 
0.46** 

 
0.59**

a Healthy detached autoclaved twigs 10 cm long 
and 2 to 4 mm in diameter were placed in the 
tree canopy monthly from January 2004 to 
December 2005. * and ** = significant at P ≤
0.05 and 0.01, respectively. ns = not signifi-
cant. 
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