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Abstract | Citrus gummosis caused by Phytophthora nicotianae is the most damaging disease of citrus. In the
present study, twelve varieties of citrus were screened against gummosis under natural field conditions under
Randomized Complete Block Design (RCBD). Among these varieties, Kumquat expressed a highly resistant
response with lesion size (0.750 cm), Sweet Lemon exhibited resistant response with (1.616 cm) lesion
size, Mangal Singh moderately resistant with rating (3) while two varieties i.e. Malta and Succari exhibited
moderately susceptible response, three varieties i.e. Jaffa, Tangerine and China Lemon (4.066, 4.250, 5.100
cm) lesion size respectively showed susceptible response while four varieties (Tracco, Rough Lemon, Kinnow,
Grapefruit) exhibited highly susceptible response with the rating (7). Kumquat shows a resistance response
in a present study and Grapefruit shows highly susceptible results during the experiment.
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Introduction

itrus is one of the most edible fruits in the world

belongs to the family Rutaceae, grown in tropical
and subtropical climatic areas of the world (Khalid ez
al., 2018). The presence of vitamins, minerals, dietary
fiber, metabolites, carbohydrates, and a variety of phy-
tochemicals made it nutritionally rich and helps to
cure multiple diseases (Rafiq ez a/., 2016). Pakistan’s
climate is favorable for the production of citrus, but
unfortunately, Pakistan has less production than oth-
er developing countries due to multiple diseases (Ri-
asat et al.,2020). Global climatic conditions, different
biotic, and abiotic factors have an adverse effect on
the citrus which results in increasing the intensity of
diseases like canker, greening, wither tip, scab, black

pit, alternaria brown spot, and gummosis (Malik and
Khan, 2014) but citrus gummosis which is soil born
disease, is, the most dangerous one and is destroy-
ing the citrus industry of all the major citrus growing
areas of the world (Rajput ez 4/, 2020). Every year
10-30 of citrus production is lost due to gummosis
(Mounde ez al., 2009). Oozing of gum from the stem
is the main symptom of gummosis (Rajput ez o/,
2020), adult plants show chlorosis, twig dieback, de-
cline discolored fruits, etc. (Naqvi, 2004). The appear-
ance of dark areas under bark and sour smell, exuda-
tion of water-soluble gum from cracks in the bark,
yellowing of foliage, and death of plant are character-
istic symptoms of this disease. Bleeding appearance
of the plant due to exudation of gum which may wash
due to rain-splash are some early symptoms of citrus
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gummosis. When Phytophthora attack on citrus plant,
it causes cracking in firmness in the bark and spread
in the whole perimeter of the trunk (Sadowsky, 2006).

Many management strategies like the use of resistant
varieties, chemicals, phytoextracts, biocontrol agents,
and cultural practices, are under consideration and
different trials are being conducted to manage citrus
gummosis but the main approach to manage citrus
gummosis is the use of resistant sources because it is
most economical and ecofriendly one. For this pur-
pose, screening of available germplasm is prerequisite.
Due to this reason in the current study twelve varie-
ties were evaluated through artificial inoculation be-
cause it is a long-term solution of the plant diseases
(Hameed ez a/., 2020).

Materials and Methods

Sample collection for isolation of pathogen-associated
with citrus gummosis

Diseased samples with characteristic symptoms were
collected from the research area Institute of Horticul-
tural Sciences (IHS), University of Agriculture Fais-
alabad (UAF). Mainly roots and specifically feeding
roots were collected Then these samples were shifted
to the citrus pathology lab. Department of Plant Pa-
thology for further process by adopting precautionary
measures. Diseased samples specifically root which
showed blackish color were cut down into small piec-
es (2-3 mm in size) and washed under tap water. Then
for surface sterilization, samples were passed through
70% ethanol for 30 seconds and then 3 times through
distilled water for 30 seconds. For isolation of patho-
gen corn meal agar (CMA) media was prepared. For
the preparation of cornmeal agar media, 15 gm corn-
meal along with 2 gm agar was added in one liter dis-
tilled water in a glass bottle and heated it slowly to dis-
solve all the nutrients. Then after putting a cap on the
bottle, autoclaved it for 15 minutes at 121°C. When
the temperature of the media becomes 45°C then
pour 5 mL of CMA into Petri plates. After this small
pieced of diseased samples were placed in the Petri
plates with the help of sterilized forceps and placed
in the incubator fungal growth was appeared on the

CMA media which was purified for further process.

Purification and identification of pathogen-associated
with citrus GUmMmosis
For purification of the pathogen, free from bacteria,

the glass ring method was used (Raper, 1937). A glass

ring (15 mm dia.) was put in the middle of the Petri
plate containing CMA media and fill half of the ring
with media and a piece of CMA containing mycelial
growth in the middle of the glass ring in the Petri
plate and placed them in the incubator at 22-25°C.
Pure growth of the pathogen was obtained beneath
the glass ring after 48 hours and was shifted to anoth-
er Petri plate containing CMA and this process was
repeated three times to get pure culture and the path-
ogen was identified on the basis of morphological
characters like the structure of sporangia, zoospore,
and sexual structures as described by Hall (1993),
Ho (1995), Khulbe (2001), de Cock ez a/. (2004) and
Boughalleb-M’hamdi ez a/. (2018).

Screening of citrus germplasm against gummosis caused
by Phytophthora nicotianae

In the year 2019 and 2020, twelve, different varieties
of citrus having age of 2 years were collected from
the horticulture nursery (32 Square) of UAF and
brought them to citrus research laboratory, Depart-
ment of Plant Pathology, University of Agriculture,
Faisalabad and were shifted to the citrus research
area, Department of Plant Pathology. These varieties
were sown in the field by maintaining row to row (R
x R) and plant to plant (P x P) 90 cm distance under
Randomized Complete Block Design (RCBD) in the
field with three replications. After the establishment
of citrus varieties were artificially inoculated through
soil drenching with 10° to 10°zoospores in the root
zoon of each citrus plant of all varieties under field
conditions. To maintain the nursery in healthy con-
ditions, all the recommended horticultural practices
like pruning, sanitary conditions were maintained,

and varieties were graded by following Gade ez a/.
(2006) (Table 1).

Table 1: Rating scale used to identify the response of cit-

rus varieties towards SUmMmosis.

Ratings Lesion size Response

0 No oozing and 0 Cm?lesion size Immune

1 Oozing and lesion developed up  Resistant
to 1 Cm? area

3 Oozing and lesion developed up  Moderately Re-
to1-2.5 Cm? area sistant

5 Oozing and lesion developed up ~ Susceptible
to 2.5 - 5 Cm? area

7 Oozing and lesion developed up  Moderately Sus-
to > 5 Cm? area ceptible

9 Oozing and bark splitting Highly suscep-

tible
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Figure 1: Morphological characteristics of Phytophthora nicotianae. a) Different shapes of zoosporangia, b) zoospore release directly from
sporangium, c) branches of mycelia, d) oospores in water culture (scale bars: 50um).

Data analysis

Data was statically analyzed by using SASS/ STAT
(SAS institute, 1990). The least significant difference
(LSD) was used to separate the means of all the treat-
ments.

Results and Discussion
Identification citrus
gummosis

Size of sporangia of pathogen is (6.0 x 35.0 to 33.3
x24.5 pm (average: 42x 29 pum) with a length-breadth
ratio of 1.4:1. Its sporangiophore was observed sym-
podial branched, ovoid or obpyriform, non-caducous
papillate sporangia 34.2-58.0 um long and 28.4-43.3
pm wide; and global, thick-walled, terminal, or inter-

calary chlamydospores and 24.5-50.7 pm in diameter,
Coenocytic hyphae 7-10 pm in diameter. Oospores

of pathogen-associated —with

measure 23-38 pm in diameter (average: 29 pm),
These characters of pathogen expressed that is Phy-
tophthora nicotianae var. nicotianae (Breda de Haan)

(Figure 1).

Symptoms and disease development of citrus varieties
during 2019 and 2020

The disease appeared in the field after twenty days
of inoculation under field conditions. Symptoms ap-
peared in the form of discoloration of roots, destruc-
tion, and rotting of feeding roots, yellowing of leaves
and wilting, formation of the lesion with gum exuda-
tion were observed when the temperature was high
with the maximum amount of relative humidity.

Response of citrus varieties towards gummosis caused by
Phytophthora nicotianae under field conditions
In the year 2019, among twelve varieties of citrus,
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Kumquat expressed a highly resistant response with
lesion size (0.750 cm), Sweet Lemon exhibited re-
sistant response with (1.616 c¢m) lesion size, one va-
riety Mangal Singh has shown moderately resistant
response with rating scale (3) while two varieties i.e.
Malta, Succari with rating scale (5) expressed mod-
erately susceptible response, three varieties i.e. Jaffa,
Tangerine, China Lemon (4.066, 4.250, 5.100 cm)
lesion size respectively showed susceptible response
while four varieties (Tracco, Rough Lemon, Kinnow,
Grapefruit) exhibited highly susceptible response
with the rating (7) as shown in (Figure 1). Similar
results were expressed by these varieties except China
Lemon in the year 2019. In the first year’s experiment,
China Lemon showed a susceptible response while
in 2020 it expressed a highly susceptible response as
shown in (Figure 2).

Figure 2: 7he response of different varieties against citrus gummosis
disease under field conditions in 2019.

Figure 3: The response of different varieties against citrus gummosis
disease under field conditions in 2020.

Citrus gummosis caused by Phytophthora species is
one of the potential threats to citrus around the world
(Graham and Feichtenberger, 2015), and it is esti-
mated that 46% of citrus is damaged every year due
to Gummosis (Savita ¢z /., 2012). Slow decline, twig

dieback, oozing of gum, yellowing of foliage, early
flowering, the decline in the yield, and less fruit size
are the major symptoms of this disease are observed
in the current study which is supported by Naqvi
(2004). Air temperature, high humidity (Rajput ¢z o/,
2020), soil temperature and flooding duration in the
soil has a great impact on the severity and dynamics
of Phytophthora nicotianae under the ground parts of
the plant (Alvarez ez /., 2009). Likewise, the presence
of multiple strains of fungus, changing climatic con-
ditions, susceptible varieties play an important role in
the disease development of citrus gummosis (Naqvi,
2004). To reduce the disease incidence of soil-borne
pathogens, the use of resistant hosts is the applicable
and best method. Additionally, these resistant vari-
eties not only diminish the incidence of disease but
avoid residual effects of fungicides due to their usage
in the soil as well (Naik ¢7 a/., 2008).

Molecular techniques to transfer resistance genes
is a cost-effective and time-consuming process, but
screening of available citrus germplasm is short term,
handy and helpful approach to identify resistance or
susceptible varieties (Atiq ez a/., 2007; Jagtap, 2012).
Farmers and researchers get more benefit from the
varieties which are resistant to fungus (Agrios, 2005).
'That’s why in 2019 and 2020, twelve different varieties
were evaluated against citrus gummosis and it was ob-
served that some potential source of resistance (High/
Moderate) is dominant in three cultivars (Kumquat,
Sweet Lemon, Mangal Singh), some varieties (Mal-
ta, Succari, Jaffa, Tangerine) expressed moderately
and susceptible results while one variety china lemon
show susceptibility, but in next year it becomes high-
ly susceptible. Similarly, four varieties named Tracco,
Rough lemon, Kinnow grapefruit were screened out
highly susceptible in both years but, as time passing
the use of resistant cultivars in the exclusive area may
reduce the resistance of these varieties due to the de-
velopment of new infectious and strong strains of the
pathogen. It is a better choice to use varieties having
horizontal resistance due to the presence of multiple
genes (Hameed ¢z a/.,2020). In a similar experiment,
eight different rootstocks of citrus were evaluated
by using freshly prepared spore suspension against
Phytophthora nicotianae and this trial concluded that
screening of the resistance rootstock of citrus against
footrot is a helpful method (Amrinder ¢z a/., 2013).
Benfradj es al., (2016) performed a similar experi-
ment in which different citrus rootstock was evaluat-
ed against zoospores of P, nicotianae and it was con-
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cluded that screening of citrus varieties is necessary to
control the damage and to transfer resistant rootstock
for better results. Likewise, ten different citrus varie-
ties were screened out under natural field conditions
and it was evaluated that Kumquat showed a resistant
response against citrus gummosis (Kumar and Cha-

hal, 2018).

Kumquat showed a high resistance response due to its
genetic makeup. Kumquat used by different research-
es for the supportive role towards finding resistance
mechanisms due to some factors like cuticle develop-
ment in leaf and size of new blooms and the presence
of H,O, than Grapefruit (Hameed 7 4/.,2020). H,O,
in the plant helps in programmed cell death and ef-
fectively controlling pathogens (Marques ez a/.,2014).
'The presence and increased production of secondary
metabolites such as flavonoids enhance the response
against pathogens in citrus cultivars thus make them
resistant (Munir ez a/., 2019).

Conclusions and Recommendations

Kumquat shows a resistance response in a present
study and Grapefruit shows highly susceptible results
during the experiment. Resistant or moderately re-
sistant varieties of citrus which are identified during
this screening process might be helpful in the future
for the breeding of commercial resistant cultivars of
citrus. Furthermore, the source of resistance should be
incorporated in susceptible varieties to change their
genotype. So, in the future kumquat and genetic ma-
terial of kumquat can be used to get more yield and
disease-free orchards.
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