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ARTICLE INFO                                       ABSTRACT 
  
 
 

Mango Malformation Diseases (MMD) is one of the serious threats, causing tremendous 
economic losses every year to mango growers/contractors. In the current study, six fungi were 
isolated from primary and secondary tissues of malformed parts of the inflorescence. The fungi 
identified as Fusarium nivale, F. oxysporum, F. moniliforme, F. semitectum, Alternaria alternata 
and Aspergillus niger. F. nivale was isolated predominantly from the diseased samples collected 
from Mirpurkhas, Hyderabad, Tando Allah Yar and Sanghar districts. F. nivale was isolated with 
highest frequency from Mirpurkhas (55.00%) followed by Hyderabad (46.00%), Tando Allah Yar 
(35.00%) and Sanghar (30.00%) as compared to F. oxysporum (18.00-28.00%), F. moniliforme 
(13.00-25.00%), F. semitectum (7.00-15.00%) and other fungi. Desi, Almas and Dusheri showed 
maximum infection percent in Mirpurkhas ranging from 83.00-95.00%, while in Hyderabad 
(81.33-93.50%) as compared to Tando Allah Yar (55.33-75.33%) and Sanghar districts (40.60-
45.66%). Comparatively less infection percent was observed in Fajri in Mirpurkhas and 
Hyderabad districts (35.25-36.30%) then the other mango varieties. The overall frequency of F. 
nivale on all the mango varieties at Mirpurkhas was 60.174% followed by Hyderabad (58.431%). 
Maximum infection frequency was obtained with F. nivale (82.08%) colonizing 985 tissues out of 
1200 tissues, F. oxysporum (11.90%) colonizing 143 tissues, F. moniliforme (7.08%) with 85 
tissues colonized as compared to other fungi. 
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INTRODUCTION 
 

Mango (Mangifera indica L.) is one of the finest fruits and the 
most important in tropical and subtropical areas of the world. 
Mango is considered for superior in quality and is well 
established in international market to earn foreign exchange 
(Tahir et al., 2003). Mango malformation occurs in vegetative 
as well as in floral parts, floral malformation is more common 
in mango trees (Ahmed et al., 2003). Mango malformation 
caused shortens inflorescence, sterility and aborted 
hermaphrodite flowers and male flowers increased in number 
and size (Kumar et al., 1993). Ploetz (1994) studied fifty five 
isolates of Fusarium subglutinas from malformed mango trees 
in Florida in single vegetative compatibility group (VCG). 
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Numerous fungi have been reported associated with MMD and 
possibly the causal agents of the disease. However, according 
to Ploetz (1994), the confusion still remains about the actual 
cause of MMD, nevertheless, F. moniliforme (Gibberella 
fujikuroi) and F. mangiferae have been identified in recent 
past as the causal organisms of the disease (Chakrabarti & 
Kumar, 1998); (Nirengerg & O’Donell, 1998). Nirenberg and 
O’Donell (1998) showed small microscopic differences to 
distinguish Fusarium mangiferae from other taxa in the 
Gibeberella fujikuroi species complex. F. mangiferae can also 
be differentiated morphologically from two other species that 
are associated with mango malformation disease. Freeman et 
al. (2000) reported that Fusarium subglutinas (Gibberella 
fujikuroi) has been associated with mango floral and 
vegetative malformation. Britz et al. (2002) gave formal 
description for the two new texa that were named F. 
mangiferae and F. sterilihyphosum. Iqbal et al. (2006) isolated 
four fungi viz. F. mangiferae, F. pallidoroseum, F. oxysporum 
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and Alternaria alternata from malformed mango parts. 
Khaskheli et al. (2008) isolated and identified Fusarium nivale 
(Fr.) Ces., as first record in Pakistan and also the first report of 
its association with mango malformation in Sindh, Pakistan. 
However, Koch's postulates have only been completed for 
Fusarium subglutinans (Chakrabarti and Ghosal, 1989); 
(Kumar and Beniwal, 1992); (Ploetz and Gregory, 1993) and 
(Summanwar et al., 1966), Fusarium oxysporum (Bhatnagar 
and Beniwal, 1977) and Fusarium nivale (Fr.) Ces. (Khaskheli 
et al., 2008). Yet there is some controversial regarding species 
identification (Ploetz, 1994) and the inoculation methods used 
(Kumar et al., 1993). No information is available on frequency 
distribution of the fungi associated with mango malformation 
disease in Sindh. Hence the present study was taken first time 
to estimate the frequency distribution of the fungi associated 
with mango malformed tissues. 
 

MATERIALS AND METHODS 
 
Mango malformed samples were collected from 10 mango 
varieties: Desi, Dusheri, Almas, Chaunsa, Sindhri, Neelam, 
Langra, Swarnarika, Siroli and Fajri, while surveying from 4 
mango growing districts of the Sindh, Pakistan i.e. 
Mirpurkhas, Hyderabad, Tando Allah Yar and Sanghar. The 
samples were taken from both floral and vegetative malformed 
types including malformed branches, malformed flowers with 
and without cover (layer). 
 
Isolation and identification of disease causing fungi 
 
Samples collected from different parts were passed through 
the process of isolation as described by Neergard (1979) and 
Pathak (1987); i.e. 100 pieces of infected primary and 
secondary tissues of each variety were treated with 0.1% 
Clorox (Sodium hypochlorite) for two minutes and rinsed 
twice in distilled sterile water for 2-3 minutes each. The 
treated tissues were dried thoroughly on sterilized blotter 
papers and five pieces were placed in glass petridishes 
containing sterilized potato-dextrose agar medium. All the 
petridishes were incubated at 250C for about seven days. The 
isolated fungi were identified with the help of keys (Booth, 
1977); (Nelson et al., 1983) and (Barnett and Hunter, 1996). 
About 35 isolations were done throughout the experiment. The 
frequency of the isolated fungi in the collected samples from 
each locality was recorded using the following formula: 
 

Colonization (%) = 
Number of pieces colonized with 

fungus x 100 
Total number of pieces studied 

 
The overall infection frequency (%) of all the isolated fungi 
was also determined on the basis of the tissues colonized by 
each fungus. 
 

RESULTS AND DISCUSSION 
 
Six fungi i.e., Fusarium nivale, F. oxysporum, F. moniliforme, 
F. semitectum, Alternaria alternata and Aspergillus niger were 
isolated from primary and secondary tissues of malformed 
parts of the inflorescence (Fig. 1). F. nivale was isolated with 
highest frequency from Mirpurkhas (55.00%) followed by 
Hyderabad (46.00%), Tando Allah Yar (35.00%) and Sanghar 
(30.00%), respectively (Fig. 2). Other fungi showed medium 

type of infection like F. oxysporum (18.00-28.00%), F. 
moniliforme (13.00-25.00%), and F. semitectum (7.00-
15.00%). Alternaria alternata and Aspergillius niger 
responded with lowest frequency viz. 3.00-8.00% and 2.00-
6.00%, respectively (Fig. 2).  
 
It is also important to mention here that Fusarium nivale is the 
first recorded fungus from mango malformation diseases in 
Pakistan (Khaskheli et al., 2008). Kumar et al., (1993) 
reported that mango malformation was responsible for shorten 
inflorescence, sterility and aborted hermaphroditic flowers, 
and also increased male flowers in number and size. Nirenberg 
and O’Donell (1998) differentiated Fusarium mangiferae from 
two other species that are associated with the disease. Freeman 
et al., (2000) showed the association of F. subglutinas 
(Gibberella fijikuroi) with floral and vegetative malformation. 
Ploetz et al. (2002) found that Fusarium spp. are common 
associated with diseases of tropical, perennial plants. Britz et 
al. (2002) described the two new taxa for Fusarium spp., were 
named F. mangiferae and F. sterilihyphosum associated with 
malformation disease. 
 
Identification of Fusarium nivale (Fr.) Ces. 
 
The fungus was identified as F. nivale on the basis of 
morphological characteristics like, colonies white, with little 
discoloration of the agar medium, conidia borne sparsely in 
aerial mycelium. Conidia curved, with a pointed apex, 1-3 
septate and 10-30 X 2.5-5.0µ (Fig. 3).  
 
Frequency distribution of Fusarium nivale (fr.) Ces. 
 
Maximum frequency of F. nivale was recorded in Mirpurkhas 
(95.00%) and Hyderabad (93.00%) followed by Tando Allah 
Yar (75.35%), respectively (Table 1). Mango varieties: Desi, 
Dusheri and Almas showed highest infection in Mirpurkhas, 
Hyderabad and Tando Allah Yar ranging from 75.35-95.00%, 
65.45-90.00% and 55.33-83.00%, respectively (Table 1). 
While medium type of infection percent was obtained in 
Chaunsa (50.45-65.00%), Sindhri (45.33-55.33%), Neelam 
(41.25-52.25%) and Langra (30.66-45.66%). The lowest 
colonization percent of the fungus was observed in Swarnarika 
(34.20-40.45%), Siroli (30.75-38.75%) and Fajri (30.66-
36.30%), respectively (Table 1). The overall frequenscy of F. 
nivale on 10 mango varieties at Mirpurkhas was 60.174% 
followed by Hyderabad (58.431%), Tando Allah Yar 
(46.410%) and Sanghar (34.837%), respectively (Fig. 4). 
 
Table 1. Frequency of Fusarium nivale from ten mango varieties 

of different localities 
 

Variety 

localities 

Total Mean 
Mirpurkhas Hyderabad 

Tando 
Allah 
Yar 

Sanghar 

Desi 95.00 93.35 75.35 45.66 309.36 77.34 
Dusheri 90.00 88.66 65.45 41.33 285.44 71.36 
Almas 83.00 81.33 55.33 40.60 259.66 64.91 
Chaunsa 65.00 64.25 50.45 38.33 218.03 54.50 
Sindhri 55.33 52.33 45.33 35.30 188.29 47.07 
Neelam 52.25 48.30 41.25 32.35 174.15 43.53 
Langra 45.66 42.66 35.33 30.66 154.31 38.57 
Swarnarika 40.45 40.33 34.20 30.15 145.13 36.28 
Siroli 38.75 37.85 30.75 28.33 135.68 33.92 
Fajri 36.30 35.25 30.66 25.66 127.87 31.96 

 

1680          Ibrahim Khaskheli et al. Frequency distribution of Fusarium nivale (Fr.) Ces. and other fungi associated with mango malformation disease  
                                                                                                          (MMD) in Sindh, Pakistan 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. White mycelial growth of Fusarium spp. isolated from mango inflorescence tissues infected with malformation disease 
 

 
 

Figure 2. Fungi isolated from malformed parts of mango 
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Table 2. Overall infection of different fungi isolated from 
malformed tissues often mango from different localities 

 

Fungi isolated 
Tissues colonized 

(out of 1200) 
Infection frequency 

(%) 

Fusarium nivale 985 82.08 
F. oxysporum 143 11.90 
F. moniliforme 85 7.08 
F. semitectum 63 5.25 
Alternaria alternata 45 3.75 
Aspergillus niger 22 1.83 

 
F. nivale colonized as the most frequent fungus of 82.08% 
colonizing 985 tissues out of 1200 (Table 2). F. oxysporum 
(11.90%), F. moniliforme (7.08%) and F. semitectum (5.25%) 
as compared to Alternaria alternata (3.75%) and Aspergillus 
niger (1.83%) respectively (Table 2). Ploetz (1994) found  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

variation in the infection amongst the fifty five isolations of 
Fusarium subglutinans. Iqbal et al., (2006) isolated F. 
mangiferae, F. pallidoresum, F. oxysporum and Alternaria 
alternata from malformed mango parts. Whereas Marasas et 
al., (2006) found the association of F. moniliforme var. 
subglutinans from both vegetative and floral tissues. Lesile 
and Summerell (2006) found Fusarium spp. as commonly 
associated with higher plants in terrestrial ecosystem. 
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Figure 4. Mean frequency of Fusarium nivale at different localities from ten mango varieties 
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