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Abstract  

Since the excessive use of fungicides which was a non-environmentally friendly, the use of integrated management, based 

on agronomic practices such as pruning, spacing and minimize fungicide spray program, seem essential. Two field 

experiments were conducted successively at 2013/2014 and 2014/2015 in a Citrus orchard located in Beni Khalled (Cap 

Bon region, Tunisia) to the management of Alternaria Brown Spot. Three experimental plots (trees ordinary pruned; 

spaced and pruning and only treated with fungicides). All trees were treated with iprodione (March, April, June), copper 

sulfate (May), and mancozeb (September, October). Wider tree spacing and pruning associated with fungicide helped to 

reduce disease incidence on leaves and fruits. During both the spring and autumn flushes, ABS disease severity on leaves 

was reduced relatively for both cultivars in spring flush; the infected leaves number was reduced in wide trees spacing on 

Minneola plots and ordinary pruning on Fortune during autumn flush. The plot which was ordinary pruned showed an 

augmentation, up to 20-36%, of affected fruits and 10-13% for both cultivars with the application of tree spacing. A lower 

percentage (below 20%) of infected fruits recording the scale 1 and 2, was detected on trees ordinary pruned and spaced, 

also, on fruits, the disease severity index was lower for Minneola (10.6%) and Fortune (7.1%). The results obtained in this 

study demonstrated that combination of cultural practices such as pruning + spacing and fungicide spray could be an 

efficient integrated management of ABS in Tunisian Citrus orchards. 
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Introduction 

In Tunisia, Alternaria Brown Spot (ABS) was first observed in 

2008 on many citrus growing regions causing yield losses on 

susceptible cultivars. This disease is a limited factor some 

mandarin cultivars in semiarid citrus producing regions
1
. This 

disease was appeared on Emperor mandarin cultivar at 1903 in 

Australia
2
. Then, it spread to be detected in the USA

3
, and now 

in other citrus regions worldwide
5-9

. The principal agent 

identified, was at first, Alternaria citri Ellis and Pierce
2
, later to 

A. alternata
4
. ABS pathogen infection was accomplished with 

specific toxins to his host Citrus reticula
10

. ABS disease 

symptoms were black necrotic lesions on young leaves
11

 fruits 

and twigs. On leaves and twigs, the lesions may develop along 

the veins due to the spread of the host-selective ACT-toxin
12,13

, 

resulting in leaf drop and twig dieback. Fruit infection caused 

by Alternaria spp., vary from necrotic brownish spots to sunken 

lesions, reducing quality
14

.   
 

In fact, severe epidemics were detected in humid areas and 

semi-arid regions which were related with different 

environmental factors studied in Florida and Spain. Tangerine 

(Citrus reticulata Blanco) and hybrids cultivated on the major 

Citrus region in Tunisia revealed a severe outbreak of ABS in 

2008. 

The disease was first appeared at April till June when air 

temperatures were comprised from 15 to 27°C. All lemon and 

oranges cultivars were not susceptible, but Lane Late and 

Maltaise were less susceptible
15

. For Alternaria sp., the 

infection presents the critical factor of disease development, 

however, air temperature and wetness duration generated the 

infection process
16

. Rainfall elicited the release of conidia
1,17

. 

The citrus leaves infection triggered by an optimal thermal of 23 

-27°C and a minimum leaf wetness of 8-12h. The lesions 

appeared 24 to 48h after a short infection initiation
11

. 

 

The lesions appeared continuously on all tree’s organs (leaves, 

twigs and flower) until fruits maturity
18

. Once it penetrates the 

host, the pathogen invades the susceptible organs, which makes 

impossible to eradicate it by chemical measures and/or cultural 

practices alone, although, those methods were very common to 

reduce the ABS incidence
19

. Also, the chemical control and 

sprays must be used to protect susceptible citrus varieties during 

the critical periods of infection. Four to ten fungicide spray 

frequencies which depend on the climate and cultivar 

susceptibilities are sufficient to produce a good quality of 

fruits
20

. Copper products, mancozeb and chlorothalonil reported 

to be efficient against ABS
19, 21

. 
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In Tunisia, little information about ABS control is available, due 

to the few registered active ingredients for Citrus. In view of the 

erratic results achieved for ABS control using only fungicides. 

A field experiment was undertaken to evaluate an integrated 

strategy combining two methods for the management of ABS in 

Tunisia.  

 

Materials and methods 

Study site: Two Citrus orchards located in the Technical Citrus 

Center in the Cap-Bon region of Tunisia with semi-arid 

bioclimatic stage were used. These two experimental plots (1 ha 

each) showed typical symptoms of ABS. Citrus trees were 

planted 4x5 m spacing since 1998 with Mandarin hybrids 

cultivars such as Minneola and Fortune. They were conducted at 

the same growing season consecutively (March to December) at 

2013/2014 and at 2014/2015. 

 

Meteorological databases: Environmental data (temperature 

and rainfall) from an automatic weather station (Station CTA, 

Sernum. 00000C48, iMetos 2) located in the two experimental 

plots.  

 

Experimental design: The experimental trial was conducted 

using a randomized complete block design. Each plot (orchard) 

was divided into three sub-plots (cultural practices). The 

cultural practices were performed as follow, trees receiving an 

ordinary pruning, trees receiving the same pruning, but with 

spacing to get 8x5m, and trees receiving no pruning but treated 

with fungicides cited in Table-1 as negative control. Four 

fungicides confirmed their efficiency against ABS in field trial 

during 2010 to 2011 (unpublished data) was used in the assays. 

In total seven fungicide sprays were applied (S1 to S7); which, 

four treatments were performed during spring flushes from 10 

March to 15 June, followed by two autumn treatments applied 

on 20 September 2013. Iprodione was applied three times (S1: 

10 March, S2: April and S3: June at 2013/2014), with copper 

sulfate (S4:10 May 2013), and with mancozeb (S5:20 

September and S6:07 October 2013). At the second year 2014/ 

2015 only one additional treatment was applied with 

chlorotalonil mixed with copper sulfate (S7:15 May 2014).  

The trees of the two experimental plots were pruned after 

harvest at 15 April (2013/2014) and at 15 March (2014/2015). 

Two pruning types were accomplished by removing the dead, 

dying, diseased, weakly attached and low-vigor branches from 

the tree crown and secondly a proper thinning which opens the 

foliage to reduce weight on heavy limbs, and retain the tree’s 

natural shape. Each subplot contained ten trees and data were 

obtained from only eight, fruits were harvested randomly, from 

each of the four cardinal sides of the tree, with a total of fifty 

fruit per tree and treatment, registered at the end of the 

experiment. 

 

Integrated management efficacy measurements: Disease 

severity on harvested fruits was evaluated at the end of growing 

season and rated using a scale from 0-2 as follows: 0=no 

lesions; 1=between 1 to 5% of lesions; 2=> 5% of lesions. 

Results were expressed as the percentage of lesion on fruits per 

category, while disease incidence was recorded as the 

percentage of affected fruits. 

 

During spring and autumn flushes, assessment was performed 

by picking 100 shoots from 4 cardinal points of the trees per 

plot, on which the disease incidence on leaves was rated on a 

scale as follow 0 = no symptoms of leaves lesions; 1 = between 

1 and 2 of leaves lesions; 2 = between 3 and 5 leaves of lesions; 

3 = between 6 and 10 of leaves lesions; 4 = between 11 and 15 

of leaves lesions; 5 = >15 of leaves lesions 
23

. A disease severity 

index on leaves or fruits was estimated by calculated the 

percentage of affected leaves or fruits and number of lesions per 

leaves or fruits and number of lesions per leaves or fruits using 

an index
24

: (∑vn)/(NV)×100; which v: number of fruits or 

leaves affected, n: rate scale 0-2 (fruits) or 1-5 (leaves), and NV: 

total number of leaves or fruits infested and healthy for the two 

varieties Fortune and Minneola. 

 

Statistical analysis: The obtained data for each treatment were 

expressed by means and standard errors and analyzed according 

to General Linear Model using SPSS 20.0 version (SPSS Inc., 

Chicago, IL, USA). All the variables were analyzed with 

Waller-Duncan-Multiple comparison test based on a t statistic. 

 

Table-1: Active ingredient, product name and registered concentration of fungicides applied against citrus brown spot at 2013/2014 

and 2014/2015 experiments carried out in Cap Bon region, Tunisia. 

Chemical Group Active ingredient (a.i.) Product name Formulation Registered concentration
 

Inorganic Copper sulfate Bouillie Bordelaise Wet table powder 300g/100l 

Dicarboximide Iprodione Rovral Wet table powder 100g/100l 

Dithiocarbamates Mancozebe Detan M45 Wet table powder 250g/100l 

Chloronitrile (Phthalonitrile) Chlorothalonil Banco plus Wet table powder 100g/100l 
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Results and discussion 

Meteorological databases: ABS symptoms were observed 

mainly during spring and autumn and the pathogen was 

identified as Alternaria alternata (Figure-1). In fact, favorable 

conditions for occurred in spring (April) which is a rainfall 

season coinciding with the presence of susceptible shoots with 

5.2mm in summer (July) and 1.2 to 1.4mm in autumn (October). 

Temperatures were between 17-19°C in spring and 20-24°C in 

autumn which are appropriate for the disease development. 

 

Leaf wetness duration was alternated between 7-10h in spring 

with temperatures values registered were 15.7-17.8°C; 10 to 13h 

in summer (24.7 to 25.3°C) and 8 to 15h in autumn (20.6-

21.5°C) (Figure-2,3). Rainfall occurred mostly in spring (58%) 

and autumn (52%). In total, 427.2mm of rainfall were recorded 

at 2013/2014 and 540.8mm at 2014/2015. Rainfall occurred in 

April was less than 40 mm (37.8 and 36.6 mm in 2013/2014 and 

2014/2015, respectively) while it reached 44.2 mm in October 

2013 and 70.2mm in October 2014 (Figure-2). Also, rainfall 

months were low but important in March 2013 and February 

2014 with values of 139 and 132mm, respectively (Figure-3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1: Alternaria Brown Spot Symptoms; On Minneola mandarin fruit (A): Corky eruptions and necrotic depressed spots on 

Fortune mandarin fruit, (B): necrotic spots between 1 to 10mm in diameter on Fortune mandarin leaves, (C): necrosis and severe 

defoliation of Citrus trees. 

 

 
Figure-2: Daily values of rainfall (mm), temperature (°C) and average wetness duration (h) measured at two growing season 

2013/2014 and 2014/2015 on Citrus orchards. 
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Integrated management efficacy measurements: At 

2013/2014, pruning was applied after spring flush and the first 

fungicide application was on 15 April. However, at 2014/2015, 

pruning was performed one month earlier (March). For ordinary 

pruning on Minneola cultivar plot, early pruning showed an 

early spring flush and revealed a severe infection on leaves 

followed by defoliation and desiccation of shoots and with 

disease severity values of 71.5%. In the other hand, for Fortune 

cultivar plot, values were decreased with 49.5%. Concerning the 

experimental plot on both growing season with treatments 

including pruning and wider tree spacing, the infected shoots 

and symptomatic leaves per shoot were reduced for both 

cultivars in autumn flush with 17%. Despite the efficacy of 

fungicides in vitro, trees in the control plot, registered, in spring 

flush for Minneola and Fortune, the highest disease severity 

values with 95.6 and 89%, respectively. While, in autumn flush 

values were less than 30% (Table-2). The percentage of fruits 

affected by ABS was relatively low, but the difference in 

diseases classes among treatments was statistically significant 

(P<0.05). In Minneola cultivar with ordinary pruning, disease 

incidence and severity were relatively important about 34% in 

comparison with control (about 43%). Although, disease 

severity data, in plots pruning and wider tree spacing, was only 

about 10%. In this experiment, pruning and wider tree spacing 

were the most effective treatment with 86 and 3.5% of fruits in 

scale rate 0 and 2, respectively, compared to 29% in the control 

with scale rate 2. In Fortune cultivar, disease severity was 

reduced to 17.5 and 7.1% in plots with pruning alone or 

combined with wider tree spacing, respectively, compared with 

32.8% (control). Once more, pruning combined with wider tree 

spacing showed efficiency on treated Fortune with the highest 

percentage of healthy fruits (89.3%). The control (only 

fungicides) gave a substantial disease control with a value of 

61.7% of healthy fruits (Table-3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-3: Monthly rainfall (mm) values at two growing season 2013/2014 and 2014/2015 on Citrus orchards; 12 months: A: April, 

M: March, J: June, J: July, A: August, S: September, O: October, N: November, D: December 2013/2014 and J: January, F: 

February, M: March 2014/2015. 

 

Table-2: Disease severity of Alternaria alternata at the end of the two experiments registered on Minneola and Fortune leaves (%) 

at spring and autumn flushes; Means± standard error of 100 shoots per tree (8 trees per plot). 

 
Minneola Fortune 

Spring flush
A
 Autumn flush

A
 Spring flush

A
 Autumn flush

A
 

Ordinary Pruning 71.50±0.07b
B 

24.80±0.09b 49.50±0.08b 16.40±0.09b 

Pruning +spacing 54.10±0.10c 16.00±0.06c 47.10±0.07b 13.20±0.04c 

Control 95.60±0.070a 64.20±.0.13a 89.00±0.080a 59.30±0.10a 

A
Disease severity rated on scale 0-5 count as individual lesion per infected leaf and rated as percentage of affected leave on shoot. 

B
± Standard error; according to Waller Duncan’s Test, values followed by same letters weren’t significantly different at P≤ 0.05. 
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Table-3: Disease incidence, severity index and percentage of infested fruits on on Minneola and Fortune fruits at the end of the two 

experiments; Means ± standard error of 50 fruits per tree (8 trees per plot), evaluated at December 2014. 

Treatments 
Infested fruit

A
 (%) 

Incidence
B
 (%) Severity

C
 (%) 

0 1 2 

Minneola 

Ordinary pruning 63.50±0.09b
D 

24.00±0.06a 12.40±0.05b 36.50±0.09b 32.90±0.08b 

Pruning+spacing 86.80±0.04a 9.60±0.06c 3.50±0.04c 13.20±0.04c 10.60±0.04c 

Control 53.30±0.08c 17.70±0.05b 29.00±0.07a 46.70±0.08a 40.90±0.08a 

Fortune 

Ordinary pruning 79.10±0.08b 12.90±0.04b 8.10±0.04b 20.80±0.08b 17.50±.0.10b 

Pruning+spacing 89.30±0.04a 8.50±0.06c 2.10±0.04c 10.70±0.04c 7.10±0.06c 

Control 61.70±0.09c 24.00±0.06a 14.30±0.05a 38.10±0.09a 32.80±0.06a 

A 
Incidence rated as 0, 1 and 2. 

B 
Severity was rated using a 0–2 scale, based on percentage of affected fruit and as individual lesion 

as follows: 0= no lesions; 1= 1–5 lesions; 2= <5 lesions. 
C 

The results were expressed as percentage of fruits per category. Scale 0 

provides the highest income, scale 1 fruits can be sold in the local market, scale 2 form unmarketable fruit. 
D
± Standard error; 

according to Waller Duncan’s Test, values followed by same letters weren’t significantly different at P≤0.05 

 

Discussion: The effect of environmental factors on citrus ABS 

in field were not yet investigated in Tunisia. ABS infection 

favorable conditions in this study, occurred in spring (April) 

which is a rainfall season coinciding with the presence of 

susceptible shoots. However, Alternaria spp., are considered as 

flexible pathogens that can grow under high rainfall conditions 

and relatively arid areas
25

. It was revealed that A. alternata 

conidial sporulation was the highest on mature leaves moistened 

at 100% relative humidity for 24h
18

. It was concluded that the 

lack of rain during the summer seems to limit the presence of 

the canopy wetness necessary for infection
21

. Additionally, it 

was reported that ABS infections occurred mainly in spring and 

in autumn
17

. The intensive utilization of site-specific fungicides 

causes the development of fungicide resistance
19,26

.  

 

Despite numerous chemical treatments applied to ensure fruits 

coverage at the infection critical period, the number of affected 

fruits was very high. In fact, most of the fruits have shown 

symptoms of the disease and so many fruits fell into the highest 

disease class, values comprised between 22.1% in August and 

33.2% in December for the cultivar Minneola. Although, a 

slight decrease of asymptomatic fruits from 36% in August to 

29% in December 2011 were noticed.  

 

The onset and progress of the disease symptoms were related to 

the climatic condition and the phonological stage of the tree 

(leaf and fruit), which also explain some variability between the 

cultivars. Field experiment carried out during several seasons, 

demonstrated the effectiveness of some fungicides to control 

ABS by increasing the number of asymptomatic fruits, except 

the number of sprays was very high to provide good outcomes
19

. 

This work presented cultural practices in orchards, as new 

approaches to control ABS of citrus in Tunisia, which improve 

ventilation and prevent the growth of lush foliage. In this 

investigation, the treatment (ordinary pruning and pruning + 

spacing) proved their effectiveness to reduce the incidence and 

severity of ABS on cultivars Minneola and Fortune in this 

investigation. Indeed, it have demonstrated that Fortune 

subjected only to pruning increased infected leaves and twigs up 

to 15-30%, also, a high percentage of infected fruits (> 60%) in 

all treatments (only pruning, intercropping and no pruning + 

thinning) were noted
27

. Even with this increased number of 

sprays, control of ABS is often incomplete.  

 

The possible mechanisms action of hexanoic acid-primed 

Fortune mandarin defense to A. alternata was demonstrated
28

.  

 

The origin of resistance and susceptibility of citrus cultivars to 

ABS were poorly investigated have been poorly investigated. 

The characterization of ABS resistance in 235 citrus population 

hybrids, which, only 30% showing disease symptoms on 

detached leaves, and 70% were asymptomatic
29

. Cultural 

practices can reduce ABS severity index in Citrus orchard. 

However, several fungicides sprays are also recommended for 

ABS control.  

 

Conclusion 

The collected data confirms the difficulties of ABS management 

because of the pathogen germination speed and infection that 

creates an obstacle to ensure a proper fruits coverage, because 

of the short incubation period lesions appearance and secondly 

because of the curative fungicides. The efficacy of ABS control 

program depends on synchronization between the fungicide 

sprays and period of infection. 

  



Research Journal of Agriculture and Forestry Sciences______________________________________________ ISSN 2320 – 6063 

Vol. 9(3), 5-11, July (2021) Res. J. Agriculture and Forestry Sci. 

International Science Community Association            10 

References  

1. Timmer, L.W., Peever, T.L., Solel, Z. and Akimitsu, K. 

(2003). Alternaria diseases of citrus novel pathosystems. 

Phytopathol. Mediterr., 42, 99–112.  

2. Pegg, K.G. (1966). Studies of a strain of Alternaria citri 

Pierce, the casual organism of brown spot of Emperor 

mandarin. Queensland J. Agric. Anim. Sci., 23, 15–28. 

3. Whiteside, J.O. (1976). Newly recorded Alternaria-induced 

brown spot disease on Dancy tangerines in Florida. Plant 

Dis., 60, 326-329. 

4. Solel, Z. (1991). Alternaria brown spot on Minneola 

tangelos in Israel. Plant Pathol., 40, 145–147.  

5. Schutte, G.C., Lesar, K.H., Pelser, P.T. and Swart, S.H. 

(1992). The use of tebuconazole for control of Alternaria 

alternata on ‘Minneola’ tangelos and its potential to control 

post-harvest decay when applied as a pre-harvest spray. In: 

Proc 7
th

 International citrus congress. International Society 

of Citriculture, 3, 1070–1074. 

6. Canihos, Y., Erkilic, A. and Timmer, L.W. (1997). First 

Report of Alternaria Brown Spot of Minneola Tangelo in 

Turkey. Plant Dis., 81, 1214.  

7. Vicent, A., Armengol, J., Sales, R., García-Jiménez, J. and 

Alfaro-Lassala, F. (2000). First report of Alternaria brown 

spot of citrus in Spain. Plant Dis., 84, 1044.  

8. Peres, N.A.R., Agostini, J.P. and Timmer, L.W. (2003). 

Outbreaks of Alternaria brown spot of citrus in Brazil and 

Argentina. Plant Dis., 87, 750. 

9. Huang, F., Fu, Y., Nie, D., Stewart, J.E., Peever, T.L. and 

Li, H. (2015). Identification of a novel phylogenetic lineage 

of Alternaria alternata causing citrus brown spot in China. 

Fungal Biol., 119(5), 320–330. 

10. Tsuge, T., Harimoto, Y., Akimitsu, K., Ohtani, K., 

Kodama, M., Akagi, Y., Egusa, M., Yamamoto, M. and 

Otani, H. (2012). Host-selective toxins produced by the 

plant pathogenic fungus Alternaria alternata. FEMS 

Microbiol. Rev., 37, 44–66.  

11. Canihos, Y., Peever, T.L. and Timmer, L.W. (1999). 

Temperature, leaf wetness, and isolate effects on infection 

of Minneola tangelo leaves by Alternaria sp. Plant Dis., 83, 

429–433.  

12. Kohmoto, K., Akimitsu, K. and Otani, H. (1991). 

Correlation of resistance and susceptibility of citrus to 

Alternaria alternata with sensitivity to host-specific toxins. 

Phytopathol., 81, 719–722.  

13. Kohmoto, K., Itoh, Y., Shimomura, N., Kondoh, Y., Otani, 

H., Kodama, M., Nishimura, S. and Nakatsuka, S. (1993). 

Isolation and biological activities of two host-specific 

toxins from the tangerine pathotype of Alternaria alternata. 

Phytopathol., 83, 495–502. 

14. Peever, T.L., Su, G., Carpenter-Boggs, L. and Timmer, 

L.W. (2004). Molecular systematics of citrus-associated 

Alternaria species. Mycologia, 96, 119–134. 

15. Haddad, M., Boughalleb-M’Hamdi, N., Vicent, A. and 

Cherif, M. (2013). Occurrence of Alternaria brown spot on 

citrus in Tunisia. In: IOBC-WPRS Bulletin (95) Proc 

Integrated Control in Citrus Fruit Crops, 7-9 May 2013. 

Adana, Turkey, 213–221. 

16. Magarey, R.D., Sutton, T.B. and Thayer, C.L. (2005). A 

simple generic infection model for foliar fungal plant 

pathogens. Phytopathol., 95, 92–100. 

17. Bassimba, D.D.M., Mira, J.L. and Vicent, A. (2014). 

Inoculum sources, infection periods, and effects of 

environmental factors on Alternaria Brown Spot of 

Mandarin in Mediterranean climate conditions. Plant Dis., 

98, 409-417.  

18. Timmer, L.W., Solel, Z., Gottwald, T.R., Ibanez, A.M. and 

Zitko, S.E. (1998). Environmental factors affecting 

production, release, and field populations of conidia of 

Alternaria alternata, the cause of brown spot of citrus. 

Phytopathol., 88, 1218–1223.  

19. Vicent, A., Armengol, J. and García-Jiménez, J. (2007). 

Rain fastness and persistence of fungicides for control of 

Alternaria brown spot of citrus. Plant Dis., 91, 393-399. 

20. Bhatia, A., Roberts, P.D. and Timmer, L.W. (2003). 

Evaluation of the Alter-Rater model for timing of fungicide 

applications for control of Alternaria brown spot of citrus. 

Plant Dis., 87, 1089-1093.  

21. Vicent, A., Armengol, J. and Garcia-Jiménez, J. (2009). 

Protectant activity of reduced concentration copper sprays 

against Alternaria brown spot on ‘Fortune’ mandarin fruit 

in Spain. Crop Prot., 28, 1-6. 

22. Vicent, A., Badal, J., Asensi, M.J., Sanz, N., Armengol, J. 

and Garcìa-Jiménez, J. (2004). Laboratory evaluation of 

citrus cultivars susceptibility and influence of fruit size on 

Fortune mandarin to infection by Alternaria alternata pv. 

citri. Eur. J. Plant Pathol., 110, 245–251.  

23. Mondal, S.N., Vicent, A., Reis, R.F. and Timmer, L.W. 

(2007). Efficacy of pre- and post-inoculation application of 

fungicides to growing leaves for control of melanose, scab, 

and Alternaria brown spot. Plant Dis., 91, 1600–1606. 

24. McKinney, H.H. (1923). Influence of soil temperature and 

moisture on infection of wheat seedlings by 

Helminthosporium sativum. J. Agri. Res., 26, 195-217. 

25. Rotem, J. (1994). The Genus Alternaria. Biology, 

Epidemiology, and Pathogenicity. The American 

Phytopathological Society, St. Paul, MN. 

26. Timmer, L.W., Darhower, H.M., Zitko, S.E., Peever, T.L., 

Ibanez, A.M. and Bushong, P.M. (2000). Environmental 

factors affecting the severity of Alternaria brown spot of 



Research Journal of Agriculture and Forestry Sciences______________________________________________ ISSN 2320 – 6063 

Vol. 9(3), 5-11, July (2021) Res. J. Agriculture and Forestry Sci. 

International Science Community Association            11 

citrus and their potential use in timing fungicide 

applications. Plant Dis., 84, 638–643.  

27. Bella, P., Russo, M., Tomasello, M., Catara, V. and Catara, 

A. (2012). Nuevo approchi di contenimento della 

maculatura bruna degli agrumi. ATTI Giornate 

Fitopathologiche, 2, 315-321. 

28. Llorens, E., Fernández-Crespo, E., Vicedo, B., Lapena, L. 

and García-Agustín, P. (2013). Enhancement of the citrus 

immune system provides effective resistance against 

Alternaria brown spot disease. J. Plant. Physiol., 170(2), 

146–154.  

29. De Campos, K.A.F., De Azevedo, F.A., Bastianel, M. 

Cristofani-Yaly, M. (2016). Resistance to Alternaria Brown 

Spot of new Citrus hybrids. Rev. Bras. Frutic., 39 (5), 613. 

 


