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The Dieback of Citrus Trees in Tahrir District
H.I. Seift El-Nasr, H. Abd-El-Khair and M.A. Abdaila

Plant Pathology Deptartment, National Research Centre,
Cairo, Egypt.

SURVEY covering 3150 Citrus trees including grapefruit, lemon,

lime, mandarin, orange and sweet lime grafied on different Citrus
rootstocks has been carried out in Tahrir district during 2000 and 2001
seasons. It is indicated that the dieback incidence and its severity
ranging from 23.9 to 58.8% and 10.7 to 28.2%, respectively, Lemon
trees were the highest Citrus species affected with dieback, while
grapefruit was the lowest one. Botryediplodia sp., Fusarium sp.,
Alternaria sp., Penicillium sp., Aspergillus niger, Aspergillus flavus,
Derscherlla sp. and Trichodermia sp. were isolated From Citrus
branches which showed dieback symptoms. Pathogenicity revealed
that Botryodiplodia sp. was the pathogenic fungus on the tested Cirrus
species, i.e. orange and mandarin.

Citrus crop is one of the most important subtropical fruits in the world as well as
in Egypt. Several diseases affected the growth and yield of Citrus orchards
during the growing season. Dieback disease was very severe in mandarin trees,
.in addition to gummosis, sooty mould, scab, powdery mildow and canker were
recorded in Citrus orchards (Mukhopadhyay, 1985 and Gupta, 1994). The
incidence of decline (dieback) of Nagpur mandarin trees was 19% (Kolte &
Diware, 1989), while it was 14.2 to 58.8% in the mandarin trecs in Darjeeling
district.

Twig dieback can be caused by several fungi, as well as by other factors
(Raychaudhuri & Khurana, 1998). Fungal infection often occurs following a
freeze, mechanical or chemical injury. Affected young branches showed dieback
1 inch or more from the tip; sometimes producing gum exudation. Wood is
discolored underneath the brak.
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The causal agent of dieback disease in Citrus was studied by many workers.
Mukhopadhyay (1985), Davis et al. (1987), Suarez (1990} and Gupta (1994)
reported that the dicback of branches caused by Diplodia natalensis
{Botryodiplodia theobromae), Colletotrichum gloeosporioides (Glomerella
cingulata} and Fusarium sp. which often penetrated through injuries made by the
insects Solenoposis geminata and Wasmannia auropunctata. Mourishon (1994)
and Paez & Castano (1998) reported that the Ceratosystis fimbriata was the
causal agent of dieback of Citrus trees. Traiceveski (1991) found that the fungus
Phytophthora nicotianae var. parasitica was the a causal agent of mandarin tree
dieback, while Forster & Adaskaveg (1999) mentioned that the fungus of
Colletotrichum acutatum was isolated from Citrus branches showing dieback
symptoms.

This work aimed to determine the disease incidence and severity of dieback
under natural infection conditions on different Citrus species, i.e. grapefruit (Red
Blush and Star Ruby cvs.); lemon (Corona Foothall, Frost, Limoneira, Monroe
and Prios cvs.); lime (Bears); mandarin (Dancy, Fremont, Kinnow, Minneola and
Orlando cvs.); orange (Gulette and Hamlin cvs.); and sweet lime. Isolation and
identification of the causal pathogen has been carried out.

- Material and Methods

Survey of disease incidence

‘Incidence and severity of the dieback disease on Citrus species, i.e. grapefruit
(Citrus paradisi), lemon (Citrus Limonia); lime (Citrus auraniifolia), orange
(Citrus sinensisy, mandarin (Citrus nobilis) and sweet lime (Citrus Limetia)
grafted on different rootstocks (Table 1) were recorded under natural infection
condition in Tahrir distract at experimental farm, Desert Development Center,
American University in Cairo Behiera governorate during 2000 and 2001
scasons. The following scale was used to study the dieback incidence and
severity : 3 = severe infection (51% or more of branches); 2 = moderate
infection (26 to 50% of branches); 1 = light infection (1 to 25% of branches) and
o = no symptoms. The percentage of incidence of dieback disease was calculated
as follows :
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Number of infected tree
Disease incidence (%) = X 100
Total number of tree

The disease severity index was calculated by the formula (Liu ef al. 1995) as
follows :
3 (rating No. x No. of trees in the rating)
Disease index (severity %) = X 100
Total No. of trees x highest rating

TABLE 1. Citrus cultivars grafted on different rootstocks.

Citeus . L Rootstocks
species Cultivars Carimno | Citrumelo Rangpurl Sour Vol.kam-
orange | eriana
Corona Foothall |+ + + + -
Frost + - + - -
Lemon | Limoneria + + + + -
Monroe + + + + -
Prios + + + S
Dancy + - + h + l -
Fremont + - + + +
Mandarin | Kinnow - - + +
Minneoia + + * t
Orlando + - + * +
Grape | Red Blush - + + + +
fruit Star Ruby - + + + +
Hamlin - + + + -
Orange
Gulette - + * + -
Lime Bears - - ! + + -
Sweet Lime - - J N B
M =No rested + = tested.

Isolation and identification of the causative fungi
Samples of naturally infected branches and twigs of different Citrus species
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grafted on different rootstocks (Table 1) showing typical symptoms of dicback
disease were collected from Tahrir district at Behiera governorate. Isolation was
carried out from these samples on PDA medium according to the method
described by Michailides (1991). The growing fungi were purified by haphal tip
technique and sub-cultured on PDA medium. Pure cultures were identified
according, to morphological and cultural characters (Gilman, 1957 and Barnett &
Hunter, 1972).

Pathogenicity tests

Pathogenicity test of all isolated fungi were carried out using Citrus
transplants, ie. orange (Hamlin and Sour orange) and mandarin (Orlando and
Fremont) grown under greenhouse conditions at Tahrir district, Behiera
governorate. Ability of all isolated fungi to invade the Citrus twigs tissue was
tested. Inoculum of each isolated fungus was grown singly on PDA medium for
7 days at 25°C, then the growth (mycelium and conidia or mycelium alone)} was
gently collected by aid of sterilized brush in 20ml of sterilized water per Petri
dish just before inoculation. Three twigs on each transplant were chosen,
surface-sterilized and wounded with a sterile scalpel (Korra, 1989). Twenty ml
of the spore suspension of isolated fungus (5 x 106 spore/ml) were sprayed onto
the wounded twigs of each treatment using a sterile hand atomizer. Control
treatments were similarly treated with sterilized water was used. Then,
inoculated transplants were kept in humid champer for 24 hr and after that placed
out under greenhouse conditions, The dieback symptoms were recorded.

Pectolytic and cellulolytic enzymes activity

Pectolytic and cellulolytic enzymes activity of Bofryodipolodia sp. fungus
were ¢stimated in culture filtrates according to the method described by Matta &
Dimond (1963} and Tolboys & Busch (1970). The production of pectic enzymes,
i.e. polygalacturonase (PG) and pectin methylestrase (PME) were carried out
using the basal synthetic medium (Tolboys & Busch, 1970) containing 4.6 g of
citrus pectin. Flasks containing 100 m!l of the medium, were inoculated with disc
of fungus growth. After incubation at 28°C for 7, 14 and 21 days, the cultures
were filtrated through filter paper Watman No. 1, and filtrates (contain crude
enzyme preparation) were centrifuged at 3000 rpm for 5 min, were used for
enzymatic activity. PG enzyme activity was assayed by estimating the loss in
Egypt. J. Hort. 29, No. 1 (2002)
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viscosity of 1.2% citrus pectin. While PME enzyme activity was determined by
the titration method of Matta & Dimond {1963).

Also, the basal synthetic medium (Tolboys & Busch, 1970). supplemented
with 4.6g carboxymethyl cellulose (CMC) instead of pectin was used for the
production of cellulolytic (Cx) enzymes. The cultures received the same
treatments as that of pectic enzymes production. Cx enzyme activity was
determined by measuring the loss in viscosity of 1.2% CMC solution (Matta &
Dimond, 1963). Boiled crude enzyme preparations were used as control.

Results and Discussion

Dieback has been observed in Citrus orchards grown in the desert, e.g. North
and South of Tahrir. Observations and early studies revealed that symptoms
started at the tip of growing branches, moved downward causing the death of
inner tissues (turned to brown) and the defoliation of leaves, then followed by the
death of infected branches.

Natural infection data in Tahrir district, during 2000 and 2001 seasons,
showed some difference among Citrus species and cultivars to dieback disease
incidence (Table 2 - 6). Field observation show that the disease incidence and
severity on Citrus species were 43.3 and 19.8%, respectively. Data show that the
light disease incidence was recorded on both sweet lime and grapefruit (14.8 and
23.9%, respectively), while on orange and lime disease incidence was moderate
(35.7 and 37.5%, respectively). Natural infection data also indicated that the
mandarin and lemon were severely attached, where a high percentage of discasc
incidence (45.2 and 58.8%, respectively) were recorded . It was clear that the
disease severity of dicback on Citrus species illustrated some differences
(Table 2- 6). Data show that the disease severity of sweet lime and grapefruit
were 4.9 and 10.7%, respectively, while on orange and lime were 13.3 and
16.0%, respectively. Data also show that the highest discase severity was
recorded with mandarin and lemon (21.2 and 28.6%, respectively). It can be
concluded that the variability in discase severity and incidence was observed in
Citrus species (Mukhopadhyay, 1985 and Kolte & Diware, 1989).

Citrus species (grapefruit, lemon, lime, mandarin, orange and sweet lime)
grafted on different rootstocks, i.e. Carimno, Citrumelo, Rangpur, Sour orange
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TABLE 2. Survey of dieback (%) incidence and severity of Lemon cultivars (Corona
Foothall, Frost, Limoneira, Monroe and Prios) grafted on different citrus

H.I.SEIF EL-NASR et al.

rootstocks under natural infection conditions.

Natural infection (%a) of diaback
Lemon Different No. of Mean
2000 2001
cultivars raotstocks | Trees
Incidence | Severity | Incidence | Severity | Incidence® | Severity %
Carimno 27 66.7 333 70.4 39.5 68.54 36.4
Citrumelo 13 38.9 20.8 5.6 1.9 22.2a 111
Corona
Rangpur 27 66.7 333 432 296 574 cd 115
Foothall [
Sour orange 26 50.0 L 218 50.0 19.2 50.0 be 285
Mean 57.1 219 469 245 520 A 26.2
Carimno 27 741 372 63.0 23.5 68.5a 253
Citrumelo NT NT NT NT NT NT NT
Frost Rangpur 27 66.7 284 85.2 43.2 759a 38.9
Sour orange NT NT NT NT NT NT NT
Mean 70.4 32.1 4.1 33 722C 30.6
Carimna ] 27 852 48.2 92.6 S8.0 339b 53.1
Citrumelo i8 333 13.0 38.9 13.0 36.1a 13.0
Lemoneira | Rangpur 26 73.1 359 76.0 187 745 373
Sour orange 27 40.7 24.7 22.2 7.4 38.9a 18.5
Mean 60.2 320 588 306 59,5 AB 31.3
Carimno 27 59.3 333 92.6 61.7 75.9¢ 32.7
Citrumelo 18 556 222 375 16.7 47.1a i9.6
Monroe | Rangpur 27 66.7 24.7 63.0 259 6480 25.3
Sour orange 27 74.1 272 333 il 53.7a 19.1
Mean 64.7 18.6 58.8 30.2 61.7B 29.4
Carimno 27 66.6 333 73.1 436 69.8 b 38.4
) Cigumelo 27 519 19.8 519 Z1.0 51.9a 20.3
Prios Rangpur 27 3133 1.1 55.6 29.6 4d.4 a 203
Sour orange 27 59.3 09 423 24.4 528a 277
Mean 537 238 557 29.6 54.7 AB 26.6
Mean 60.2 279 57.3 28.3
NT = Not tested

X = Means followed by the capitai or small alphabetical letters were not statistically significant according
10 Duncan’s multipie range test
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TABLE 3. Survey of dieback (%) incidence and severity of Mandarin cultivars
{Dancy, Fremont, Kinnow, Minneola and Orlando) grafted on different

citrus rootfstocks under natural infection conditions.

Naturai infection {%) of diaback T
Mandarin Different No. of - Mean
cultivars rootstocks Trees 20 ‘ 2001
Incidence | Severity | Incidence | Severity Incidence” | Severity %
Carimno 27 926 60.5 44.4 18.5 74.1b 38,5
Rangpur 2 65.4 30.5 654 46.2 654 b 385 |
‘Dancy Sour orange E 26 £9.2 410 40.7 259 54.7a 333
Volkameriana ] NT NT N1 ) NT NT NT NT
Mean 76.0 44,3 50.0 0.0 6§29C 371
Carimpo 27 482 16.1 _ {a.8 4.9 Il5¢ 1G.5
Rangpur 26 39 1.3 2.7 ! 3.9 58a 2.6
Fremont | Sour orange 26 65.4 295 83 28 380¢ 16.7
Volkameriana 27 7.4 25 29.6 9.9 18.5b 6.2 i
Mean 31.1 125 154 5.5 233 A 8.9
Carimno NT NT NT NT NT NT NT
Rangpur 25 28.0 9.3 16.7 83 224a 88
Konnow | Sour orange 15 80.0 35.6 30.8 10.3 3¢ 23.8
Yolkameriana 25 28.6 10.7 56.0 28.0 42.0b i8.0
Mean 400 158 355 i6.7 378B 163
Carimno 25 84.0 210 625 2540 633 b 23.1
Rangpur 27 482 16.4 530 333 S36b 24.7
- Minneola | Sour orange 27 37.0 17.3 Bl 49 241a 11.1
Volkameriana | 27 815 183 95.6 49.4 §89¢ 43,8
Mean 585 233 57.1 27.3 578C 258
Carimno 27 48.2 247 28.0 9.3 38.5a 17.3
Rangpur 27 40.2 17.3 519 235 463 a 20.4
Orlando | Sour orange 26 73.1 34.6 30 107 52.9 ab 229
Volkameriana 7 159 8.4 59.0 28.4 444 5 18.5
Mean 46.7 21._2 44.2 18.3 455B i9.8
Mean 4.4 228 404 19.5 :
NT = Not tested

X = Means followed by the capital or small alphabetical fetters were not statistically significant according

to Duncan’s multiple range test

Egypt. J. Hort. 29, No. 1 (2002)



158 H.LSEIF EL-NASR et al.

TABLE 4. Survey of dieback (%) incidence and severity of Grape fruit cultivars
(Red Blush and Star Ruby) grafted on different citrus rootstocks under

natural infection conditions.

Natural infection (%) of diaback
Grape fruit Different No. of Mean
2000 2001
cultivars rootstocks Trees
Incidence | Severity | Incidence | Severity | Incidence” | Severity %
Citrumelo 27 37.0 148 18.5 6.2 27.8b 10.5
Rangpur 53 226 8.8 58.5 7.0 402¢ 13.4
Red Blush | Sour orange 27 0.0 0.0 0.0 0.0 0.0a 0.0
Volkameriana 27 556 259 370 14.8 4653 ¢ 204
Mean 27.6 11.7 kEX 17.0 3llB 134
Citrumeclo 27 7.4 25 292 t6.1 18.5 ab 23
Rangpur 54 19 06 389 148 204b 86
Star Ruby | Sour orange 26 1.7 26 4.2 10.3 14.0 ab 8.0
Volkameriana 27 3.7 1.2 18.5 9.9 1l.ia 5.6
Mean 45 1.5 291 14.4 16.8 A 3.0
Mean 6.1 6.6 318 147

1 =No infection

X = Means followed by the capital or small alphabetical fefters were not statistically
significant according to Duncan’s multiple range test
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5. Survey of dieback (%) incidence and severity of Orange cultivars
(Hamlin and Gulette}) grafted on different citrus rootstocks under
natural infection conditions.

Natural infection (%) of diaback
Orange Different No. of Mean
2000 2601
cultivars roatstocks Trees
Incidence | Severity | Incidence | Severity | Incidence™ | Severity %
Citrumelo 54 296 12.4 13.7 4.6 21.9a 3.6
i Rangpur 54 11.1 3.7 48.2 179 320b 10.8
Hamiia
Sour orange 26 577 25.6 154 5.1 36.5b § 154
Mean 27.6 114 282 102 279 A 10.8
Citramele 54 68.5 228 50.0 222 593 b 20.4
Rangpur 51 235 7.8 40.8 14.3 32.0a 11.0
Gulette
Sour orange 27 333 11.1 37.0 t4.8 35Za 13.0
Mean 439 14.7 43.1 169 435B 15.8
Mean 35.7 13.0 35.6 13.5

X = Means followed by the capital or small alphabetical letters were not statistically significant according
to Duncan’s multiple range test

TABLE 6. Survey of dieback {%) incidence and severity of Lime and Sweet lime
cultivars grafted on different citrus rootstocks under natural infection

conditions.
3 X Natural infection (%) of diaback _‘
Lime Different No. of Mean
R 2000 2001
cuitivars rootstocks Trees
Incidence | Severity .| Incidence | Severity | Incidence | Severity%
Lime Rangpur 27 482 13.5 74.1 5.8 6.1 204
{Bears) Sour grange 77 35.1 14.7 49.] 17.1 37.3 159
Sweet
. - 27 14.3 4.9 14.8 i 49 14.8 4.9
lime |
Mean 336 13.5 41.5 : i85
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and Volkameriana showed a variant reaction to disease incidence (Prates et al.,
1987 and Ochoa er al, 1988). Lemon cultivars, ie. Corona Foothall, Frost,
Limoneira, Monroe and Prois grafted on Citrus rootstocks of Carimno,
Citrumelo, Rangpur, and Sour orange showed a variant dieback incidence {Table
2). It was clear that the Corona Foothall X Citrumelo; Limoneira X Citrumelo;
Limonara X Sour orange, Monroe X Citrumelo; Monroe X Sour orange and
Prios X Rangpur showed less infection with dieback disease than others.

Fremont mandarin cultivar showed a slight infection while the severe
infection was recorded with Dancy cv. (Tabie 3). Data also (Table 3) show that
the Fremont X Rungpur; Fremont X Volkameriana; Kinnow X Rangpur and
Minneola X Sour orange show slight disease incidence ranging from 5.8 to
24.1%. The grapefruit cuitivar Red Blush X Sour orange showed no dieback
disease symptoms, while Star Ruby X Volkameriana and Star Ruby X Sour
orange showed reaction with dieback [ incidence 11.1 and 14.0%, respectively
(Table 4)]. Also, Hamlin orange X Citrumlo showed a less disease incidence
{21.9%) than other one's (Table 5). It is important that the rootstocks Citrumelo,
Sour orange, Rangpur and Valkmeriana were the most effective in reducing
disease incidence on some Citrus species cultivars (Beretta, et al., 1988, Ochoa
et al, 1988, Matheron & Matejka, 1989, Laviola et al, 1990 and Paez &
Castano, 1998).

A total number of 8 fungi were obtained during isolation trials from all Citrus
species are shown in Table 7. Identification studies showed that the isolated
fungi belong to 7 genera namely, Boiryodiplodia, Fusarium, Alternaira,
Trichoderma, Aspergillus, Pencillium, and-Derscherella. Among the isolated
fungi, Botryodipolodia fungus showed higher frequency than others followed by
Fusarium. It is obvious that the occurrence and frequency of the aforementioned
fungi varied according to Citrus species. Trichoderma fungns was isolated from
grapefruit, orange and lime, where a less dieback symptoms according to natural
infection survey,

Pathogenicity tests revealed that the fungus Botryodiplodia was pathogenic to
different Citrus transplants species and cultivars, i.e. orange (Hamlin, Gulette
and Sour orange) and mandarin (Orlando and Fremont) where a typical dieback
symptoms of branches were occurred (Sauarez, 1990).
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TABLE 7. Frequency ) (%) of isolate fungl from citrus twigs showing dieback

symptoms.
Frequency of isolated fungi (%) in twigs of
Isolated fungi Lemon ! Mandarin GraPe Orange Lime
fruit

Botryodiplodia sp. 60.0 375 37.5 182 33.3
Alternaria sp. 20.0 37.5 - 9.1 -
Trichodermia sp. - - 25.0 18.2 16.7
Aspergillus niger - - - 182 16.7
Aspergillus flavus - - - 16.7
Penicillium sp. - - - 2.1 -
Derscherella sp. - - - 9.1 -
Fusarium sp. 208 | 250 37.5 18.2 166 |

(1) Four speciments were used for isolation.

The activity of pectolytic and celluloytic enzymes produced by

Botryodiplodia sp. in vitro are shown in Table 8. Data show that Botryodiplodia
sp. has the ability to produce pectinase and cellulase. The highest reduction in
viscosity of PG and Cx enzymes for tested fungus were noticed after 14 days as
20.2 and 61.2 %, respectively. Also pectin methylestrase (PME) activity of

TABLE 8. Pectolytic and cellulolytic enzymes activities of Botryodiplodia sp. fungus.

Enzymatic activities in culture age (days)
Enzymes
7 i4 21
"Polygalecturonase (PG) 14.6 20.2 20.1
Pectin-methylestrase (PME)® 1 23 2.1
Cellulose (Cx)® 46.8 61.2 60.0

(1) Average percentage of relative loss in viscosity of 1.2% citnuls pectin solution (pH,
5.6) after 3h incubation with crude enzyme.

(2) Average milliters of 0.01 N NaOH required to neutralize the carboxylic group

produced from 1.5
enzymes.

% citrus pectin solution after 24h incubation with crude

(3) Average of relative loss in viscosity of 1.2% CMC solution after 3hr incubation with

crude enzyme.
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Botryodiplodia sp. was higher after 14 days, where average of millititers of 0.01
N NaOH required to netralize the carboxlic group produced from 1.5% citrus
pectin solution was 2.3 ml. It was obvious that Bofryodiplodia sp. are active
producers of PG, PME and Cx enzymes. This result show that the secretion of
pectolytic and cellulolytic enzymes may play an important role in pathogenesis.
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