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ABSTRACT 

 

           Mango is the most important fruit of South East Asia due to its 

excellent flavor, taste and fragrance. Mango sudden death syndrome 

(MSDS) is a potential threat to successful mango production that has 

recently appeared in Pakistan. Survey of southern (Khanewal, Multan, 

Muzafergarh, and Rahim Yar Khan), northern (Sialkot and Gujrat) Punjab 

and Azad Jammu Kashmir (Mirpur, Kotli and Bhimber) districts were 

conducted by geo-tagging for spatio-variational disease incidence. Sampling 

of MSDS affected tree tissues were conducted and isolation was carried out 

on carrot baits. Morphological and molecular characterization was also 

completed. Pathogenicity testing was conducted on healthy mango seedlings 

and histological studies of inoculated diseased mango seedlings were 

assessed. Screening of 223 indigenous mango germplasm accessions were 

carried out to identify the resistant source. Chemical evaluation was done in 

vitro, green house and in the field with Carbendazim, Topsin-M, 

Difenoconazole and Benomyl according to their efficacy.  On the basis of 

spatio-variational analysis the districts of southern Punjab; Khanewal 

(KHW) 83.21%, Multan (MLT) 75%, Muzaffargarh (MZG) 67.86%, Rahim 

Yar Khan (RYK) 71.54% were highly affected with MSDS incidence while 

districts of northern Punjab and AJK were not affected according to the 

sampling points. Sixty eight disease samples were collected for isolation of 

fungal isolates, 50 identical isolates with 73% isolation frequency was 

recovered from carrot baits. Morphological and molecular studies of three 

gene regions Internal Transcribed Spacer, Translational Elongation factor 

and Beta- tubulin revealed that the fungus is ‘‘Ceratocystis manginecans’’. 

The fungal pathogen consisted of 1833 bp characters with 100% pairwise 

identity of four isolates and closely nested at bootstrap 98% with earlier 

described C.manginecans from Oman and Pakistan in a C. fimbriata s.s. 

clade with a close relation to C. coacoafunesta. C. manginecans was 

recovered from inoculated mango seedlings in result of pathogenicity test to 

confirm Koch’s postulates. Histological studies revealed, C. manginecans 

systemically progress with the production of phenolic compounds, sclerides, 

epidermal thickness, tyloses, hyphael proliferation which hindered water 

translocation in xylem tissues that caused wilting and collapse of whole tree. 

Screening for resistant source in perecent disease development represents 5 

resistant indigenous mango germplasm accessions SKT-206 (14%), SKT-

211 (15%), GRT-185 (9%), MRP-01(18%) and BMB-56 (0.5%), while 124 

accessions were responded moderately resistant (21-40%). Chemical 

evalution revealed Carbendazim had significant effect in reducing disease in 

all three experiments followed by Topsin-M + carbendazim in green house 

and field experiment at concentrations of 500 ppm and 750 ppm. 

Key Words: MSDS, Geo-tagging, Spatio-variational analysis, C. 

manginecans,    C. fimbriata s. s., C. coacoafunesta, bootstrap and 

tylosis. 
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Chapter 01 

INTRODUCTION 

Mango (Mangifera indica L. Family: Anacardiaceae) originated in Southeast Aisa 

over 4000 years ago and now it is  a tropical and subtropical fruit crop of the world 

before pineapple, papya, avocado and after citrus. The genus Mangifera consists of 69 

species, but only mango bear edible fruits. Mango exihibts two races; polyembryonic and 

monoembryonic distributed throughout the regions of Southeast Asia and Northeast 

India respectively. Mango is propagated by both sexual and asexual methods. Sexually, 

mango is grown by their viable seeds. While asexually, propagation methods include 

cutting, grafting, budding or air-layering. Grafting is the most common method for 

mango propagation. Mango is considered highly diversified specie. Sexually grown 

mango trees require 7 years to produce a commercial crop while grafted trees produced a 

good crop after 3-5 years of planting. Mango trees have a long growing period which 

requires dry period to stop vegetatively growth and initiating blooming subsequently. 

Mango is highly adaptive in different climatic conditions. 

Mango is one of the most important indigenous fruit of Pakistan and is entitled as 

the ‘‘King of fruits’’ due to its excellent flavor, taste and fragrance. It is a rich source of 

vitamins (A, C, E), sugar (10-20%), minerals (potassium, magnesium) and dietary fiber 

(Ajila and Parsada, 2008) with numerous uses. It is also used in various food 

preparations at home and food industries for mango pulp, mango peel, mango jam, jellies 

and pickles etc. In world, between 500-1000 different mango varieties are exist, but 

overall 160 mango varieties are renouned. The most famous varieties of Pakistan are 

Sindhri, Chaunsa, Anwar Ratole, Langra, Dosehri, Fajri, Totapari, Malda and Samar 

Bahisht (Khan, 2005). 

World mango production is 38.7 million tons in which developing countries are 

producing 98% share of this production (FAO, 2013). Pakistan is ranked 5th with 1.9 

million tons production on an area of 17.3 thousand hectares (FAO, 2013). Pakistan, 

exports 0.11 million tons of mango fruits (FAO, 2011).  

Mango as a perennial crop is exposed to nature that either made the trees to boost 

up or vulnerable to open challenges of pests and diseases at every stage of their life. All 

over the world >140 mango diseases are known (Parkash, 1998). Despite being 

indigenous to mango and fifth in ranking, production of mango is still low due to various 

biotic and abiotic constraints (Gupta, 1989; Akhtar et al., 1999). Among biotic problems, 
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mango anthracnose, powdery mildew, bacterial blight, malformation, slow and quick 

decline are well known (Kazmi, et al., 2005). However the major limiting factor is 

Mango Sudden Death Syndrome (MSDS), which is currently a potential threat on 

successful mango production in Pakistan.  

MSDS was first reported from Pakistan in 2005 (Malik et. al., 2005b). It affected 

the trees with losses up to 60% (Al-Subhi, et al., 2006; Saeed, et al., 2007) in all mango- 

growing countries of the world (Batista, 1960; Ploetz, 2003).  In Pakistan, particularly 

Southern Punjab and Sindh Province orchards have suffered from its destructive and 

latent infection (Masood, et al., 2008). If the disease remains unchecked, it would lead to 

damage the trees and further reduction in mango production. Therefore, it is the need in 

this situation to save the diversified genetic germplasm for future generations (Douthett, 

2000). 

MSDS is characterized by defoliation, vascular discoloration, leaf marginal 

necrosis, leaf chlorosis, root degradation (Ploetz et al., 1996), tip die-back, stem bleeding 

(Pernezny and Ploetz, 2000), gum exudation with severe rotening smell, bark splitting 

and total or partial wilting of the tree by succeeding browning of leaves and ultimately 

tree death. Mango bark beetle (Hypochryphalous mangiferae) is considered as a vector 

of this disease (Al-Adawi 2002; Al-Adawi et al., 2003; Ribeiro, 1980; Yamashiro and 

Myazaki, 1985; Ploetz, 2003).  

Cause of MSDS is controversial; various pathogens reported includes, 

Botryodiplodia theobromae (Mahmood and Gill, 2002; Khanzada, et al., 2004; Malik, et 

al., 2005a), Phytoplasma, Alternaria alternata, Cladosporium sp. (Kazmi, et al., 2007), 

Ceratocystis fimbriata (Al-Adawi, et al., 2003; Faisal, et al., 2006), C. fimbriata spp. 

complex, Ceratocystis manginecans (Van Wyk, et al., 2007), Lasiodiplodia theobromae, 

Nattrassia mangiferae (Malik, et al., 2010; Masood, et al., 2011), Xiphinema sp., 

Hoplolaimus sp., Longidorus sp. and Hemicriconemoides sp. (Asif, et al., 2011). 

However, the exact cause of the disease is still unknown and conspicuous while accurate 

identification and diagnosis of the pathogen is a prerequisite in the management of 

MSDS. So the hypothesis of the current studies is to characterize fungal isolates on 

morphological and molecular basis in current scenario of varying disease because it is 

helpful in accurate diagnosis and identification of pathogen associated with MSDS and 

manage the disease by screening indigenous germplasm for the source of resistance and 

chemical management of disease.  
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Due to the lack of proper identification of the cause, management strategy cannot 

be devised. Topsin-M, Benlate (Mahmood and Gill, 2002), Carbendazim and Alliete 

(Khanzada, et al., 2005) were evaluated at different concentrations in the past, but results 

were not substantial based on yield losses. So, it is necessary to evaluate different 

chemicals for management of MSDS because it is easy, direct and rapid method than 

other methods of disease management in the present situation to help out the farmers by 

protecting them from heavy losses. 

Keeping in view the above facts the present study is designed with following objectives. 

1) To survey various orchards of southern and northern Punjab and Azad Jammu 

Kashmir to observe the disease incidence of MSDS. 

2) To characterize the fungal isolates causing MSDS by molecular methods. 

3) To observe the histopathological changes in plant tissues affected with MSDS. 

4) To screen the indigenous mango germplasm for resistant source 

5) To evaluate the efficacy of different fungicides for the management of MSDS. 

To achieve the above objectives the following line of work was followed: 

1) Survey of orchards of Southern Punjab districts Khanewal, Multan, Muzafergarh 

and Rahim Yar Khan; Northern Punjab districts Gujrat and Sialkot, and Azad 

Jammu and Kashmir districts Mirpur, Kotli and Bhimber for MSDS incidence. 

2) Sampling of vascular tissues from diseased mango trees. 

3) Isolation, purification and identification of fungal isolates.  

4) Morphological and molecular characterization of frequently isolated fungal 

isolates. 

5) Pathogenicity testing and data recording. 

6) Histopathological studies.  

7) Screening of indigenous germplasm for the resistant source 

8) In vitro and in vivo evaluation of different chemicals for the management of 

MSDS.  
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  Fig. 1. MSDS symptomological representation (A) Completely wilted MSDS tree (B & 

C) Brown and white discoloration streaks in vascular tissues (D) Gum exudation (E) Bark 

splitting (F) Cracking and holes 

A B 

C D 

E F 
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Fig. 2. MSDS symbiosis with its vector, (G & H) Holes of bark beetles with 

discolored wood (I) Hypocryphalus mangiferae (Stebbing, 1914) (Coleoptera: 

Curculionidae: Scolytinae: Cryphalini) Lateral view (J) Xyleborus bispinatus 

Eichhoff, 1868 (Coleoptera: Curculionidae: Scolytinae: Xyleborini) Lateral view 

 

G H 

I J 
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Chapter 02  

REVIEW OF LITERATURE 

2.1. Mango Sudden Death Syndrome cause:  

Mango Sudden Death Syndrome is a dilemma for the scientists in this era of high 

technology. Time to time studies generated different schools of thought according to their 

studies. Due to heavy losses, considerable work was done by the scientists, and they reported 

that the pathogen behind the declining mango trees is Botryodiplodia theobromae Pat. (Al-

Adawi, et al., 2002). At the same time, the causing agent, B. theobromae of MSDS was 

reported from Pakistan (Mahmood and Gill, 2002). Later on, researchers reported that 

pathogen of this disease is Lasiodiplodia theobromae (Al-Adawi, et al., 2003), which was the 

new taxonomic name given to the fungus B. theobromae. After that B. theobromae or L. 

theobromae was considered as the cause of Mango Sudden Death Syndrome (Khanzada, et 

al., 2004; Malik, et al., 2005a). 

Due to the syndrome disease, research on the cause of MSDS did not cease, and after 

one year, it was reported that the Ceratocystis fimbriata Ellis. & Halst. (Al-Adawi, et al., 

2006; Faisal, et al., 2006), is the major cause for declining in mango trees. Also, they 

reported that this fungus is widely distributed on many woody hosts causing wilting and 

cankers. Al-Subhi, et al., in 2006 reported that the cause is a fungus which is distinct in 

Ceratocystis spp. complex and named as Ceratocystis omanensis, as a new species from 

declined mango trees of Oman. But Van Wyk et al., in 2007 reported that the cause of MSDS 

is Ceratocystis manginecans sp. nov. as a new taxon of Ceratocystis spp. complex in both 

countries Oman and Pakistan. Whereas, Phytoplasma (Kazmi, et al., 2007) was also reported 

as an indirect cause involved in disease development and contribute as predisposing factor for 

the other causing agents in amalgamation to cause the syndrome. They also reported that 

Alternaria alternata and Cladosporium sp. as a cause of mango syndrome. While, Abbasi, et 

al., 2008 investigated the mango tree mortality in Pakistan and revealed four different fungi, 

these were Ceratocystis fimbriata Ellis. & Halst. Fusarium solani (Mart.) Sacc., 

Botryodiplodia theobromae Pat. and Aspergillus niger Tiegh. 

But the cause of MSDS is still studied by researchers.  On investigation, in Pakistan, it 

was found that the L.  theobromae was relatively more frequently distributed in mango 

orchards where trees showing symptoms of decline (Shahbaz et al., 2009) with heavy 

economic losses. And criticize the cause as a Fusarium solani and Nattarassia mangiferae, 

which seems to contribute much low towards the MSDS as compare to L. theobromae, which 
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contributes more significantly in cause of this disease.  Although, Malik, et al., (2010) 

concluded that L. theobromae and N. mangiferae, were the causes of mango sudden death. 

Because N. mangiferae might act as secondary colonizers or weaker pathogens and L. 

theobromae was nonetheless capable of producing symptoms alone but in combination with 

N. mangiferae fungi L. theobromae can cause high severity (Malik, et al., 2010). 

Furthermore, in the addition of above etiological discussion, some other researchers 

contributed in the investigation of MSDS cause according to their studies, where first they 

concluded C. fimbriata, L. theobromae believed to be the cause of this mango sudden death 

syndrome (Masood, et al., 2010).  But one year later they reported that the cause of this 

disease is only L. theobromae (Masood, et al., 2011). While after further studies, they 

reported the cause of this destructive MSDS; C. fimbriata, L. theobromae and Phomopsis sp. 

(Masood, et al., 2011).  

In the entire context, totally dissonant investigation reported that Nematodes such as 

Xiphinema sp., Hoplolaimus sp., Longidorus sp. and Hemicriconemoides sp. in coalition with 

L. theobromae and N. mangiferae, causes mango sudden death syndrome (Asif, et al., 2011). 

Although, it was investigated that several bacterial genera; includes Bacillus, Actinobacter, 

Curtobacterium, Cronobacter, Erwinia, Enterobacter, Pseudomonas and Pantoea involved in 

this mango decline disease (Ishtiaq, et al., 2014). These conspicuous and highly controversial 

studies for causing agents of MSDS from different scientists made this disease demands to 

study it further for the proper cause and devising a proper combating strategy for this disease. 

Therefore, it is believed that the cause of MSDS is still unknown. 

2.2. Disease symptoms and its incidence  

Mango sudden death syndrome is a serious disease of all mango growing areas of 

world including Pakistan. Losses due to MSDS were first time recorded in Oman during 

1999; mango syndrome has appeared with up to 60% losses of successful mango production 

in Oman but reported later by Al-Adawi, et al., 2003.  

The disease symptoms were reported that the affected mango trees have wilting symptoms 

that usually begin in one side and later spread to involve the whole tree. Affected mango trees 

exude amber-colored gum from the bark of their trunk or branches and vascular tissues were 

discolored (Al-Adawi, et al., 2006). 

 MSDS has been recently reported to cause widespread damage to mangoes in 

Pakistan. The incidence of MSDS was reported in >20% and >60% in Punjab and Sindh 

orchards, respectively (Saeed, et al., 2007). Four disorders of MSDS were recorded with their 
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percent severity viz. twig blight 55.0%, gummosis 25.0%, tip die-back 50.0% and bark 

splitting 25.0%, respectively in disease suffering orchards (Iqbal et al., 2007).  Disease 

symptoms were evaluated (Masood et al., 2010 & 2011), such as bark splitting, gummosis, 

rottening, wilting, oozing, cankers, black streaks and vascular discoloration with high 

infestation of bark beetle (Hypochryphalus mangiferae) colonization, these symptoms shows 

positive correlation with the degree of disease severity and host plant condition towards 

disease incidence and prevalence.  

2.3. Disease Vector 

MSDS was thought to be transmitted by a vector due to the infestation on mango 

sudden death syndrome affected trees. Severe colonization with this disease was the matter of 

fact, studies on the vector revealed that the MSDS causing fungi was vectored by bark beetle. 

For this concern Al-Adawi et al., 2006 reported that the Bark beetles (Hypochryphalus 

mangiferae (Stebbing) (Coleoptera: Curculionidae: Scoly-tinae) were shown to carry C. fimbriata 

and L. theobromae and are presumably responsible for transmitting both pathogens to healthy 

mango trees. Acting as a wounding agent and vector, bark beetle is likely to have assisted the 

rapid spread of the disease. 

Bark Beetle from mango orchards with severe infestation in Pakistan was collected 

for their identification and also for the isolation of associated fungi with their bodies (Abbasi, 

et al., 2008). They identified the bark beetle as ambrosia beetle of bark, Hypochryphalus 

mangiferae (Stebb.). On this observation the hypothesis for MSDS vector was studied by 

many other researchers and the researchers made their contribution related to H. mangiferae. 

Saeed et al., 2010 observed that whenever mango tree suffer from sudden death disease bark 

beetle, H. mangiferae were consistently found from those trees in Pakistan, so for that they 

estimated the efficiency of different monitoring techniques, dispersal activity and dispersal 

distance of H. mangiferae. They checked the response of beetle towards colored sticky traps 

and ethanol traps was almost negligible whereas, tree-log traps proved to be most efficient 

monitoring method in orchards. In the month of May peak dispersal activity of beetle in terms 

of number of holes was observed by using tree-log trap. Activity of H. mangiferae was 

positively related to temperature but negatively related to relative humidity. While dispersal 

distance of bark beetle was measured with the help of tree log traps on six different distances, 

maximum attraction was recorded at 5 meters from the source tree which gradually decreased 

upto 60 meters. On conclusion they suggest monitoring of dispersal activity with tree-log 

traps can be an appropriate part of integrated management of mango bark beetle. 
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The role of bark beetle H. mangiferae as a potential vector of mango decline (Masood 

et al., 2010) was studied; its attraction to the infected mango host and colonization to 

determine the beetle attack and colonization contributes to disease progress in mango trees. 

Initially they observed the role of various stress factors on attraction of beetle and disease 

progress under lathe house conditions. On results, they suggest that symptomatic or recently 

inoculated mango trees (without any obvious symptoms) were preferably colonized by H. 

mangiferae. Based on the findings they suggest that H. mangiferae can vector multiple fungi 

associated with mango sudden death and play a significant role in this disease outbreaks. 

They also identified the associated pathogenic fungi with declined mango trees and bark 

beetle (Masood et al., 2011). Two fungi were frequently isolated from diseased trees as well 

as H. mangiferae, which were involved in the dissemination and worked as a facilitating 

agent for the entry of pathogens.  

It was reported that H. mangiferae was one of the most destructive pests of mango 

trees and associated with the transmission of the causal organism of mango sudden death 

disease (Saeed et al., 2011). According to this study management of the disease was possible 

by the management of disease transmitting vector. For that reason they evaluated the toxicity 

of deltamethrin, bifenthrin, chlorpyrifos, emamectin, benzoate, imidachloprid and spinosad in 

vitro and in vivo conditions to manage the H. mangiferae population from the infected trees. 

Results of the bioassay show that toxicity of chloropyrifos was significantly higher than 

deltametthrine but similar to bifenthrine. While the toxicity of deltamethrine and bifenthrine 

increased significantly from day 1 to day 3. Emamectine was most toxic among new 

chemicals pesticide but its toxicity increased significantly from day 1 to day 5 while Spinosad 

was the least toxic compound. Comparison of the efficacies of insecticides using lethal time 

to produce 50% mortality and 90% mortality showed the relative potencies of chloropyrifos, 

emamectin, imidacloprid and spinosad were greater than bifenthrine and deltamethrine. In 

vivo trials showed that the highest number of beetles emerged from treated twigs while fewer 

beetles emerged from the twigs treated with bifenthrine (P < 0.05), which accounted for 12% 

bifenthrine compared with the control. They concluded that these pesticides could be an 

alternative tool in a comprehensive H. mangiferae management program to eradicate beetles 

from orchards for the management of the MSDS. 

In Oman, a study was carried out to determine whether H. mangiferae vectors C. 

manginecans from infected to healthy mango trees (Al-Adawi et al., 2012). H. mangiferae 

was closely associated with mango sudden decline diseasesymptoms and found in high 

number in early stages of the disease. Healthy two years old mango seedlings were infested 
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with H. mangiferae in their studies, which after 6 weeks highly infested the seedlings and 

typical decline disease symptoms were observed, while controlled seedlings remained 

healthy. This study revealed that H. mangiferae as an important factor in the epidemiology of 

this disease.   

 H.mangiferae as a definitive vector in transmission of mango sudden death disease 

was assessed and proved (Masood et al., 2012). They used healthy mango plants, were 

enclosed with beetles with and without fungus inoculum by a technique ‘‘Mesh Enclosure 

Method”. Re-isolation of the fungi after 7.5 months showed higher frequency of L. 

theobromae as compared to C. fimbriata. In order to confirm results they isolated both fungi 

from adult beetle and beetle’s frass. Based on their findings they concluded that the H. 

mangiferae was found to transmit the fungi for infection of Mango sudden death disease in 

healthy plants which necessitates an integrated management approach considering the disease 

and its vector for the sustainable management of mango sudden death disease in suffering 

orchards.  

2.4. Disease assessment 

A strategic plan for the assessment of mango decline prevalence, incidence and 

intensity of different decline disorders prevailing in mango growing areas of Punjab, Pakistan 

was conducted.  In four Districts of Punjab sixteen locations were visited to confirm the 

status and update the existing statistics for future in management planning of mango decline. 

Incidence percentage was recorded 3.17, 4.43, 0.62 and 1.25 % while intensity ranged from 

16.0-50.0% (Iqbal et al., 2007). The disease in its proliferation into the plants vascular system 

shows latent infection at initial stages. Later on symptoms expressed in the trees, when trees 

were near to death. For that reason disease assessment methodology (Masood, et al., 2010) on 

the bases of apparent tree symptoms was developed in devising a decision support system for 

sustainable timing management of disease. Disease incidence was observed on the collar 

portion including main roots infected trees over total number of trees, disease severity was 

recorded by whole tree symptoms, disease rating scale was developed on the basis of visual 

observation of symptoms which  comprised on seven scales ranging from 0 = no disease sign, 

1= 1-10% area of infection over total area observed, 2 = 11-20%, 3 = 21-30%, 4 = 31- 40%, 5 

= 41-50%, 6 = 51-60% and 7 = 61% to onwards regarded as maximum severity.  
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Table 1: Description of mango sudden death syndrome (MSDS) symptoms for disease 

assessment (Masood, et al., 2010). 

Sr. No. Tree Portion Description of MSDS symptoms for disease 

assessment 

1 Collar region i) Oozing of black/white material from infected  area 

including gummosis 

  ii) Canker formation (Water sunken lesions/corky       

appearance) with oozing of reddish brown substances 

from main stem/limbs which becomes back rust 

  iii) Bad odor/filthy smell emitting from the infested area    

in the final stage of the decline 

2 Root Zone i) Rotting of the main roots showing fungal infection 

  ii) Blackening of root zone area 

  iii) Canker development 

3 Main Stem i) Oozing of black/white material from infected area 

including gummosis and bleeding of wood sap 

  ii) Canker development 

  iii) Bark splitting/cracking: the longitudinal cracks/splits in    

the bark of main stem 

4 Main 

Limbs/Trunks 

i) Oozing of black/white material from infected area 

  ii) Drying of twigs and branches from top to downwards 

along with defoliation, blackening and shredding  of   

outer bark of twigs/branches all around the main limbs 

of tree 

  iii) Bark splitting/cracking 

5 Leaves 

Appearance 

i) Curling or drying of leaves due to stress all around the 

Canopy of tree 

  ii) Severe shedding of leaves before drying of whole plant 

  iii) Attachment of leaves after drying of the whole plant, 

death of mango tree 
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Disease assessment methods were specialized with development and advancement of 

technology. In recent years, spatio-temporal and spatio-variational studies either on general 

observations of disease progression or data accumulations through Geo Positional System 

were introduced and semi-variograms of different patterns with different studies in different 

softwares were reported. Spatio-temporal patterns of Ceratocystis wilt has been studied for 

the assessment of Ceratocystis wilt (Ferreira, 2013) in Euclyptus plantation in Brazil. The 

epidemiological studies of the disease on Euclyptus on the basis of spatio analysis revealed 

that the cumulative disease incidence was 50% and fitted best in monomolecular model, C. 

fimbriata is a soil borne pathogen with fixed initial inoculums with little or no secondary 

inoculums. Spatio-temporal studies made the hypothesis that the C. fimbriata high level wilt 

incidence occured from the diseased stumps, which produced secondary inoculums of the 

pathogen and spread by the means of mechanical transmission, in this situation mortality of 

the plantation occurred within 12 months and disease symptoms appeared and evident after 7 

months of nursery stock plantation. Similar types of studies were made in recent years by the 

researchers for the assessment and prevalence of diseases.  

2.5. Isolation and frequency of isolates associated with MSDS 

MSDS as a devastating disease of mango trees on investigation for its cause different 

school of thoughts come in existence, each scientist recovered different causing agent in 

different frequency associated with this disease. In this context first cause was reported to be 

isolated from diseased mango trees was Lasiodiplodia theobromae (Mahmood, et al., 2002 : 

Al-Adawi, et al., 2003) while afterwards isolated fungi Ceratocystis fambriata and L. causes 

severe damage to mango trees (Al-Adawi et al., 2006). Ceratocystis fimbriata was isolated 

first time from declined mango trees of Sindh, Pakistan (Faisal, et al., 2006). On isolation from 

carrot disc, moist chamber technique and directly on malt extract agar provides the fungi, 

named C. manginecans (Van Wyk et al., 2007). 

While the results of the identification of fungi associated with bark beetle were C. 

fimbriata, Fusarium solani, L. theobromae and Aspergillus niger. C. fimbriata was most 

predominant fungus with maximum frequency of 40.7%, followed by F. solani 25.4%, B. 

theobromae 19.3% and A. niger 14.6% (Abbasi, et al., 2008). Though, it was reported that L. 

theobromae was relatively more frequently isolated from trees showing symptoms of decline 

in Pakistan than the other fungi and isolation of L. theobromae from different   regions ranged 

from 8 to 61%. F. solani and Nattrassia mangiferae contribute with low frequency in this disease of 

mango sudden death (Shahbaz et al., 2009). Furthermore, two fungi were isolated, as reported 
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before were C. fimbriata and L. theobromae, from mango declined trees (Masood et al., 

2010) and from H. mangiferae results were reported Lasiodiplodia theobromae, C. fimbriata 

and Phomopsis spp. were most frequently isolated (Masood et al., 2011). In case of bark 

beetle placement on PDA results lower frequency of C. fimbriata 2.0% as compared to L. 

theobromae 24% and Phomopsis sp. 6.0% while in case of carrot disc technique, isolation of 

C. fimbriata was significantly higher 7.33% but L. theobromae and Phomopsis sp. were not 

isolated (Masood et al., 2011). On isolation results and frequency of isolated causing fungi 

leads towards the proper identification of the cause and develop the knowledge for the 

management of the cause. It is necessary in any disease related studies to identify the cause. 

2.6. Morphological and Molecular characterization of fungal isolates 

associated with MSDS 

Mycologists realized that not all fungal isolates of given species exhibited the same 

phenotype which accelerate the necessity of molecular genetic approaches for discovering the 

basic biology of particular fungal pathogen in relation to the disease. The differences in 

phenotypes showed genetic differences between the isolates (Soll, 2000) which resolved the 

difference between isolates reflect minor changes representing the micoroevolution of single 

isolate over a short period or major variations between higly unrelated isolates. With the 

availability of DNA fingerprint analysis systems, DNA fingerprint data can now not only be 

quantitatively compared but also normalized to a universal standard and then stored in a data 

base so that every newly analyzed isolate can be compared retrospectively and quantitatively 

with every previously analyzed isolate of the species.   

Characterization of the fungal isolates on morphological and molecular basis was necessary 

for the identification of the proper cause of MSDS. For that reason, after the sudden 

appearance and heavy losses of MSDS in Oman and Pakistan, research on its cause has 

increased. Work on identification of the cause on morphological bases as well as on 

molecular level was started to devise a management strategy against the actual cause for the 

benefit to the mango growers.  As most of the scientists believed that the cause of MSDS was 

C. fimbriata. C. fimbriata was firstly reported from sweet potato in 1891 in USA. 

Subsequently, C. fimbriata was recorded from many host plants from various countries. In 

1960 it was suggested that C. fimbriata represents a complex. While on the other hand, on the 

basis of morphological studies it was considered that the C. fimbriata as one of the 

contributing factor in the cause of mango decline (Faisal, et al., 2006). They reported that this 

fungus is widely distributed. For the first time this fungus was isolated in Sindh, Pakistan. 
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Study of morphological characters showed perithecia of black to brown in color with globose 

base, neck almost 800-900 µm long with ostiolar hyphae, while ascospres elliptical 4-8 × 2-5 

µm, hyaline, non-septate, hat shaped appearance. Conidiophores were hyaline, septate upto 

150 µm long. Conidia cylindrical, sometimes in chains with truncate ends. On these 

morphological characters those fall in the key of C. fimbriata; they reported C. fimbriata as 

the cause of MSDS.  

However, in 1990 when DNA sequence comparisons to reflect monophyletic lineages were 

became commonly available, molecular studies were conducted. On the basis of DNA 

sequence comparisons discrete grouping in C. fimbriata complex emerged. First species to 

recognize as a segregate of C. fimbriata was C. albifundus, which is serious pathogen of 

Acacia mearnsii in South Africa. Recognition of this species as distinct from C. fimbriata 

was based on DNA sequencing comparisons, while morphological characters supported the 

separation. Recently, numerous cryptic species have been recognized in C. fimbriata sensu 

lato species complex. These species include, C. pirilliformis, C, polychrome, C. platni, C. 

cacaofunesta, C. variospora, C. smalleyi, C. caraye, C. populicola; all of these include 

serious pathogens of woody trees. According to them some species are clearly host specific 

but host range and specificity has not been known. Large numbers of species were included 

in phylogenetic clade but their names are not yet assigned and these appear to be new species 

in this group. For the present they concluded that C. fimbriata species complex is defined 

specifically based on the phylogenetic inference and it is a distinct group of two main 

lineages in C. fimbriata sensu lato. They also suggested that on the basis of morphology C. 

fimbriata complex is impossible to distinguish therefore, DNA sequence comparisons are 

essential for reliable identification strategy to overcome in this C. fimbriata species complex 

(Van Wyk et al., 2006). While with passage of time, according to the advancement of 

research, it was reported that from Oman and Pakistan disease is caused by C. fambriata in a 

species complex of C. fimbriata sensu lato (Van Wyk, et al., 2007), which is an appropriate 

name for the causal agent. For that purpose they compare the causal fungal isolates from the 

species complex by using combined DNA sequence data for partial ITS, β - tubulin and EF-1 

α gene regions. Alongwith, isolates of C. fimbriata sensu lato morphologically characterized 

i.e., ascospore, perithecia, primary cylindrical spores, secondary barrel-shaped spores and 

chlaymadospores for their width and length to support the identified cause. In their results 

isolates presents the species, which is distinct from C. fimbriata sensu lato species complex. 

Therefore the name of the isolated fungus was given Ceratocystis manginecans sp. nov.  
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The species of Ceratocystis; well-known wound related pathogens of many wood tree 

species were studied (Tarigan et al., 2010) for the identification of Ceratocystis isolates on 

the basis of morphological characteristics and comparisons of DNA sequence data for the 

ITS, β-tubuline and TEF 1-α gene regions. Ceratocystis isolates were identified as 

Ceratocystis manginecans a serious pathogen of mango in Oman and Pakistan and is a 

previously undescribed species.  

While, De-Beer et al., 2014 redefined the Ceratocystis and allied genera, genus 

Ceratocystis includes serious plant pathogens with the accommodation of many important 

fungi, significant insect symbionts and agents of timber degradation with substantial 

economic losses. Virtually, since its type was described from sweet potatoes, the taxonomy of 

Ceratocystis has been confused and vigorously debated. In recent years, particularly during 

the last two decades it has been obvious includes a wide diversity of very different fungi. 

Because these all were roughly placed together due to their similar morphological structures 

that have clearly evolved through convergent evolution linked to an insect associated 

ecology. While it’s true for other many different fungi, emergence of DNA-based sequence 

data and associated phylogenetic inferences have made it possible to robustly support distinct 

boundaries defined by morphological characters and ecological differences.   De-Beer et al., 

2014 also studied the three gene regions 60S, LSU, MCM7 for 79 species residing in tightly 

bonded genus Ceratocystis sensu lato and these data were subjected to rigorous phylogenetic 

analysis. The results made it possible to distinguish seven major groups for which genera 

included in Ceratocystis sensu stricto, chalaropsis, Endocoindiophora, Thielaviopsis and 

Ambrosiella, while two new genera, Davidsoniella and Huntiella. In total, 30 new 

combinations have been made. This major revision of the genetic boundaries in the 

Ceratocystidaceae will simplify future treatments and work with an important group of fungi 

including distantly related species illogically aggregated under a single name.  

The intraspecific and intragenomic variability was studied for ITS rDNA sequences 

reveals taxonomic problems in Ceratocystis fimbriata sensu strict, for that theystuied fourteen 

new species in Latin American clade (LAC) of the Ceratocystis fimbriata complex recently 

were distinguished from C. fimbriata sensu strict largely based on variation in ITS rDNA 

sequences (Harington, et al., 2014). Among the 116 isolates representing the LAC, there were 

41 ITS haplotypes. Maximum parsimony (MP) analysis of ITS sequences produced poorly 

resolved trees. In contrast, analyses of mating-type genes (MAT-1-2 and MAT-2-1) resolved 

a single MP tree with branches of high bootstrap posterior probabilities support. Four isolates 

showed intragenomic variation in ITS sequences. Cloning and sequencing of PCR products 
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from a single haploid strain identified two or more ITS sequences differing at up to 16 base 

positions and representing two described species. Isolates from introduced populations that 

appeared to be clonal based on microsatellite markers varied at up to 14 bp in ITS sequence. 

Strains of seven Brazilian haplotypes and an isolate from Ipomea batatas (on which the 

species name C. fimbriata was based) were fully interfertile in sexual crosses. These analyses 

support three phylogentic species that differ in pathogenicity: C. platani, C. cacaofunesta and 

C. colombiana. Five ITS species (C. manginecans, C. mangicola, C. mangivora, C. 

acaciivora, C. euclypticola) appear to be ITS haplotypes that have been moved from or 

within Brazil on nursery stock. The taxonomic status of other species delineated primarily by 

ITS sequences (C. diversiconidia, C. papillata, C. neglacta, C. ecuadoriana, C. 

fimbriatomima, C. curvata) needs further study, but they are considered doubtful species.   

2.7. Pathogenicity testing and histological studies 

For the diagnosis of the disease causing agent, pathogenicity testing is the basic 

technique for the re-examination and re-isolation of the pathogen for the validation of the 

cause based on Koch’s Postulates (Koch, 1890).  

In MSDS, research work on pathogenicity testing of the MSDS causing fungi 

Botryodiplodia theobromae was conducted by artificially inoculating mango plants with pure 

culture of B. theobromae, which on infection caused 86.7% mortality, and confirmed B. 

theobromae as the cause of quick decline (Mahmood and Gill, 2002).  C. fimbriata and L. 

theobromae were recovered from artificially inoculated infected trees (Al-Adawi et al., 2006) 

on pathogenicity testing. The histology of declined mango trees was studied; according to the 

studies the fungal hyphae gradually invaded the xylem tissues and causing death of the 

infected area of tree branches and stem (Rajput, et al., 2007). After xylem the fungal hyphae 

entered the lumen of axial elements lining the ray cells through pits and intracellular spaces. 

The vessel elements located in the xylem between halthy and diseased portion were filled 

with tyloses while axial and ray parenchyma showed heavy accumulation of tannin contents. 

Infected xylem was also devoid of reserve metabolites while healthy trees, axial and ray 

parenchyma showed the heavy accumulation of starch grains. They also observed after the 

removal of bark from such infected trees revealed minute holes on the surface of the woody 

cylinder made by ambrosia beetles.  Pathogenicity testing was conducted of predominant 

fungi in barks of mango trees, results showed the maximum  infection was caused by C. 

fimbriata  alone (77.1±5.1%) followed by C. fimbriata  + F. solani (46.6 ± 3.9%), F. solani 

alone (7.8 ± 1.6%), and mango bark beetle released trees (0.3 ± 0.3) (Abbasi, et al., 2008).  
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After some years, it was thought on the basis of morphological and molecular studies 

the cause of decline in mango trees is C. manginecans, the causing fungus was evaluated for 

pathogenicity testing (Abdullah, et al., 2010). Along with studies on the histological changes 

in mango seedling after inoculation of the fungus on twelve months old mango seedlings by 

artificial inoculation method and development of the disease was recorded on weekly basis 

for up to the six weeks. Mango seedlings after inoculation become wilted within a week with 

gummosis on the inoculated areas. Upward and downward movement of C. manginecans in 

the wood was assessed on weekly basis showed that the pathogen grows and distributes itself, 

while no significant growth colonization appears in opposite directions. They observed that in 

inoculated seedlings woody tissues developed with brown to black discoloration just behind 

the advancing hyphae of C. manginecans which results in severity of wood discoloration that 

was higher above the area of inoculation compared with the area below inoculation. 

Darkened tissues appeared in inoculated mango seedlings with excessive production of 

phenolics and gum as a defense mechanism following infection. In addition, tyloses and 

fungal mycelium were observed in xylem tissues of inoculated seedlings. Therefore, tyloses 

and mycelium movement in vascular system and discoloration of tissues were responsible for 

wilt and death of infected mango trees as a mechanism. And the cause of MSDS was 

validated by the pathogenicity testing and histological studies.  

Botryodiplodia theobromae was considered as a possible causing agent of quick 

decline in mango trees (Saeed et al., 2011), therefore, they artificially inoculated the mango 

varieties, i.e., cv. Ratol-12, Black chaunsa, white chaunsa, Fajri, Dosehri, Langra, Sindhri and 

summer bahisht to check symptoms of quick decline. The mango cultivars were grown in 

earthen pots and observed upto three months for their establishment, after three months of 

transplanting, B. theobromae was artificially inoculated in test plants. According to the 

results they concluded that B. theobromae is not the major causing organism of this disease, 

therefore, other sources may be involved in the development of this disease. 

While, inoculation with C. fimbriata, L. theobromae and Phompsis, after six months 

of inoculation, fungi were re-isolated from artificially inoculated and symptomatic mango 

plants (Masood, et al., 2011 & 2012). Mango plants were inoculated artificially in three trials 

with their isolates of C. manginecans. After disease development, the inoculated fungus was 

recovered from mango plants (Adawi et al., 2013). 

Pathogenicity of different causing agents of MSDS was conducted and revealed the 

recovery of inoculated causing agents. But the cause is not well defined yet. Researchers with 
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their studies hypothesize and concluded that the results did not lead to a single and 

inconspicuous cause through pathogenicity testing although different studies were conducted. 

2.8. Screening for disease resistance 

Screening for disease resistance of mango cultivars and using with a specialized 

disease management program is thought to be a successful technique to combat the disease. 

Although, screening of different varieties in response to MSDS causing agents were studied.  

The studies revealed that the mango cultivar Chaunsa proved to be most susceptible with 6.95 

and 3.14% disease incidence and intensity, respectively (Iqbal et al., 2007). While, Malda and 

Ratol cultivars were found tolerant to this disease (Masood et al., 2011). Even though, 

cultivar ‘Doseri’ was noticed comparatively tolerant. Regarding to the appearance of percent 

disease symptoms, Ratol-12 showed highest disease symptoms followed by Langra, Fajri, 

and black chaunsa (Saeed, et al., 2011). 

Thirty mango cultivars were evaluated to identify plant resistance to mango quick 

decline (Al-Adawi, et al., 2013). These studies revealed that all cultivars had significance 

differences (P<0.0001) with respective to lesion lengths and aggressiveness of the fungal 

isolates. Cultivar Pairi and local Omani cultivar were highly susceptible while other cultivars 

Hindi Besennara, Sherokerzam, Mulgoa, Baneshan, Rose, and Alumpur Baneshan, had 

smallest lesion and were considered as relatively resistant against C. manginecans. They also 

analysed, there was no significant difference between the isolates where they used multiple 

isolates.   

2.9. Evaluation of fungicides 

Chemical management of MSDS is an effective method to reduce heavy losses and is 

a basic strategy.  Evaluations of different fungicides were conducted on the different causal 

organisms reported by different researchers. Firstly, in vitro evaluation of fungicides against 

quick decline disease (Mahmood and Gill, 2002) was carried out against the isolated F. 

oxysporum, F. solani and B. theobromae fungi from mango orchards of Punjab. But B. 

theobromae was frequently isolated. Therefore, in vitro effects of fungicides on the mycellial 

growth of B. theobromae revealed that Topsin-M and Benlate to be effective at the 

concentrations of 20 and 100 ppm, repectively. Cuprocuffaro (copper-oxychloride) was the 

least significant to inhibit the mycellial growth of B. theobromae at all concentrations. 

Also, for the chemical management of L. theobromae different fungicides with different 

concentrations under in vitro and in vivo conditions (Khanzada, et al., 2005) were evaluated. 

In vitro results showed the maximum inhibition of the mycellial growth of L. theobromae by 
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Carbendazim and Thiophenate-M when used at the concentration of 1 ppm or more but 

Alliete (Fosetyl-Aluminium) was effective at relatively high concentrations of 1000 and 

10000 ppm, whereas, Copxykil (copper-oxychloride), Cuprocaffaro (copper-oxychloride) and 

thiovit (sulphur) failed to inhibit the mycellial growth of L. theobromae. On the other hand, in 

vivo experiments showed that Carbendazim was more effective than Thiophenate-M and 

Alliete in minimizing the fungal infection in diseased mango plants, along with the 

suppression of gum exudation; dieback and wilting the fungicide provide the chance of 

enhancement of vegetative growth of infection-treated plants. While, C. manginecans and L. 

theobromae (Rehman, et al., 2011), both fungi responsible for mango sudden death 

syndrome, were inhibited for growth with fungicides i.e., Carbendazim, Dithane M-45, 

Daconil, Alliete and Agrofit with three concentrations of 20, 60 and 100 ppm. Carbendazim 

was significant in reducing the growth of C. manginecans while Agrofit was the least 

significant at all concentrations. 
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Chapter 03 

MATERIALS AND METHODS 

3.1. Survey and collection of disease samples 

Survey of various mango orchards was conducted by GPS (GPSmap76CSx, Garmin) 

tagging of the districts of southern Punjab; Khanewal (KHW), Multan (MLT), Muzafergarh 

(MZG) and Rahim Yar Khan (RYK), northern Punjab; Sialkot (SKT) and Gujrat (GRT); and 

Azad Jammu & Kashmir; Mirpur (MRP), Kotli (KTL) and Bhimber (BMB) for the 

assessment of disease losses. Disease incidence was calculated by the following formula of 

percent disease incidence, 

Percent Disease Incidence =
No. of diseased trees

Total No. of trees examined
 × 100 

 

Percent disease incidence data for each district was accumulated in GPS and 

evaluated by ARCGIS and ARCView softwares to create the semi-variograms. Samples were 

collected from diseased mango trees with typical symptoms of tree decline, including; wilting 

of the leaves, gum exudation, bark splitting, and whole tree collapse.  Barks of declined trees 

were removed and longitudinal strips of discoloured black (diseased) and white (healthy) 

streaked vascular tissues were collected for isolation. Diseased wood samples for each 

diseased mango tree were placed in polythene zipper bags seperately, labelled properly and 

stored in an ice box prior to isolations being started. 

3.2. Isolation of pathogenic fungi 

Isolation of pathogenic fungi from the diseased mango trees samples for further 

studies were carried out. For isolation from diseased samples, Carrot baiting method (Moller 

and De Vay, 1968) was used with the insertion of discolored wood samples in carrot slices 

and incubated at room temperature to induce fungal growth and sporulation on the carrot 

baits. In addition, direct plating on 2% malt extract agar (MEA) medium (Malt Extract 20g/l, 

Mycological Peptone 5g/l, Agar 15g/l, pH 5.4  ± 0.2, Oxoid, Thermo Fischer Sceintific Inc., 

USA) with sterilization of samples in 2% w/v sodium hypochlorite solution was done. For 

multiplication, single spore of each isolates were transferred in Petridishes on 2% MEA 

medium with 1% streptomycin solution as an antibacterial compound. These isolates were 

incubated at ± 25 °C.  
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Frequency of isolation of the fungal pathogen associated with MSDS affected trees 

were calculated from the following fromula of % frequency; 

Percent Frequency =
No. of isolated fungi

Total no. of Isolates from MSDS affected trees
 × 100 

 

Comparitive efficacy of all frequently isolated fungal isolates for their aggressivenes 

in the response of mean growth by keeping all the conditions same on MEA Petri dishes 

incubated at ± 25 °C with 12 hours light and dark period for seven days.  

3.3. Morphological and Molecular Characterization of Isolates 

3.3.1. Morphology 

Eight to ten days old cultures of the isolates were used for the morphological 

assesments by means of lacto-glycerol staining of culture slides under a microscope. 

Measurements were taken for each taxonomically relevant character and mean values for all 

the characters were served to follow the prescribed key of Van Wyk, et al., 2007;  

 The ascomatal bases were globosed,  

 black (153- ) 183-275 (-281) µm in diameter. 

 Ascomatal necks were dark brown to black becoming lighter at apices 

 (514- ) 514-650 (-673) µm long,  

 (25- ) 25-45 (-48) µm wide at base,  

 (14- ) 15-26 (-26) µm wide at apices.  

 Ostiolar hyphae were hyaline and divergent  

 (42- ) 45-62 (-69) µm long. 

 Ascospores were hyaline, hat-shaped  

 (3-4) µm long, (4-5) µm wide excluding sheath 

 (7-8) µm wide including sheath.  

 Primary cylindrical-shaped hyaline conidia were  

 long (15- ) 18-32 (-33) µm, wide (3- ) 4-6 (-6) µm. 

 Secondary conidia were barrel shaped and hyaline with  

 length (8- ) 9-12 (-12), width (5- ) 5-7 (-8). 

 In case of resting spores Chlaymadospores were thick walled, dark brown 

 11-14 µm long and (9-12) µm wide. 
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3.3.2. Molecular characterization 

3.3.2.a. Fungal isolates 

Phenotypically four fungal isolates from each districts of southern Punjab was 

selected for phylogenetic studies at the University of Florida, USA.  

3.3.2.b. DNA Extraction 

Fungal isolates were extracted from malt extract broth and lyophilized in lyophilizer 

(BioBase, Shandong, China). DNA extractions from the fungal isolates were conducted by 

Qiagene DNAEASY Mini Kit according to the manufacturer’s instructions.  

3.3.2.c. DNA Quantification 

The concentration and purity of the DNA was measured with a NanoDrop ND-100 

spectrophotometer (NanoDrop Technologies, Montchanin, Delaware, USA).  

3.3.2.d. Oligoneuclotide Primers: 

 Primers for PCR amplification were based on conserved gene regions; 

ITS1, ITS4 (White et al., 1990); βt2a, βt2b (Glass and Donaldson, 1995); and EF1 and EF2 

(Jacobs et al., 2004). 

3.3.2.e. Polymerase Chain Reaction: 

The three gene regions, the Internal Transcription Spacer (ITS) region including the 

5.8S rDNA operon, Beta-tubulin (βt) and Transcription Elongation Factor-1 alpha (EF-1α) 

were amplified with their primers in a Polymerase Chain Reaction (PCR). PCR reactions 

were prepared in total volume of 25µl that included 1.5 µl of genomic DNA, 1 U of Taq 

Polymerase (Roche Molecular Biochemicals), 2.5 µl of 10 X PCR buffer containing 2.0 mM 

MgCl2, 0.5 µl of 10 mM of each primer and 2.5 µl of mM of dNTPs. D NA amplifications 

were performed in a mastercycler gradient thermal cycler (Eppondorf, Germany). The PCR 

conditions were evaluated as; initial denaturation at 94 °C for 95 s followed by 35 cycles; of 

denaturation at 95°C for 35 s,  annealing at 52°C for 60 s,  extension at 72°C for 60 s and 

final step for 15 min at 72 °C. The amplified products were cleaned up from extra primers 

and dNTP’s using ExoSap-IT (USB Corporation, Cleaveland, Ohio, USA).  

3.3.2.f. Gel Electrophorases 

PCR amplified products were electrified in the presence of Ethidium broide on 2% gel 

agarose (Roche Diagnostics, Mannheim) at 120 V for 30 minutes. Bands were appeared on 

the gel, the gel trays were visualized in gel doc (ChemiDoc MP System, Bio-Rad, USA) 

under ultraviolet light. 
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3.3.2.g. Sequencing of ITS, β-tubuline and Transcription Elongation factor genes of 

Fungal isolates  

Sequencing of PCR amplified genes were conducted at the University of Florida 

Sequencing Core laboratory. Sequencing reactions were prepared in total volumes of 10µl 

containing 2 µl of purified PCR Product, 2 µl of 5x dilution buffer, 1 µl of 10mM same 

primers used for amplification before. Sequencing PCR consisted of 25 repetitions at 96 °C 

for 10s, 50 °C for 4 s, 60 °C for 4 mins. PCR amplicons were sequenced in both directions 

using the ABI PRISMTMBig DYE Terminator Cycle Sequencing Ready Reaction Kit on an 

ABI PRISM AutosequencerTM 3100 (Applied BioSystems, Foster City, California, USA), 

sequences were analysed in an sequence navigator version 1.0.1 (Applied BioSystems, Foster 

City, California, USA).  

3.3.2.h. Sequence Analysis 

Generated sequences were assembled, aligned and BLAST in Geneious R7.1.6 

(Biomatters). Sequences and recently described species in C. fimbriata s. l. complex 

(available in GenBank) were aligned in a data set (Table 2).  Phylogenetic trees based on 

neighbor joining method were produced in MEGA6 (Saitou, and Nei, 1987: Tamura, et al., 

2013). All characters were assigned equal weight and gaps were treated as a fifth character. 

Branch support for nodes was obtained by performing 1000 bootstrap replicates of the 

aligned sequences (Felsenstein, 1985). C. virescence was used as an out-group taxon. DNA 

substitution Model was GI+G, with the production of phylogenetic tree (Tamura, 1992).  
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Table 2: Recently described species of Ceratocystis fambriata s. l.  in comparison with new mango isolates 
 

Species Isolate No. Host Geographical 

Origin 

Gene Bank Accession No. 

ITS  Bt  Ef 

C. albifundus CMW 4068 Acacia mearnsii RSA DQ520638 EF070429 EF070400 

C. albifundus CMW 5329 Acacia mearnsii Uganda AF388947 DQ37649 EF070401 

C. atrox CMW 19383  

CBS 120518 

Eucalyptus grandis Australia EF070414 EF070430 EF070402 

C. atrox CMW 19385  

CBS 120518 

Eucalyptus grandis Australia EF070415 EF070431 EF070403 

C. cocaofunesta CMW 15051  

CBS 15262 

Theobroma cocao Costa Rica DQ520636 EF070427 EF070398 

C. cocaofunesta CMW 14809 CBS 

115169 

Theobroma cocao Eucador DQ520637 EF070425 EF070399 

C. caryae CMW 14808 CBS 

115168 

C. ovate USA EF070423 EF070440 EF070411 

C. fimbriata CMW 15049 CBS 

14137 

Ipomaea batatas USA DQ520629 EF070442 EF070394 

C. fimbriata CMW 15047 Ipomaea batatas Papua New 

Guinea 

AF264904 EF070443 EF070395 

C. manginecans CMW 13851 Mangifera indica Oman AY953383 EF433308 EF433317 

C. manginecans CMW 13854 Mangifera indica Oman AY953385 EF433310 EF433319 
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C. manginecans CMW 23643 Mangifera indica Pakistan EF433304 EF433313 EF433323 

C. manginecans CMW 23641 Mangifera indica Pakistan EF433305 EF433314 EF433323 

C. manginecans CMK 04 Mangifera indica Pakistan       --        --        -- 

C. manginecans CMM 12 Mangifera indica Pakistan       --        --        -- 

C. manginecans CMG 23 Mangifera indica Pakistan       --        --        -- 

C. manginecans CMR 35 Mangifera indica Pakistan       --        --        -- 

C. pirlliformis CMW 6569 E. nitens Australia AF427104 DQ371652 AY528982 

C. polychroma CMW 11424 S. aromaticum Indonesia AY528970 AY528966 AY528978 

C. polychroma CMW 11436 S. aromaticum Indonesia AY528971 AY528967 AY528979 

C. populicola CMW 14789 CBS 

11978 

Populus sp. Poland EF070418 EF070434 EF070406 

C. populicola CMW 14819 CBS 

114725 

Populus sp. USA EF070419 EF070435 EF070407 

C. smalleyi CMW 14800 CBS 

114724 

C. cordiformis USA EF070420 EF070436 EF070408 

C. variospora CMW 20935 CBS 

114715 

Quercus alba USA EF070421 EF070437 EF070409 

C. variospora CMW 20936 CBS 

114714 

Q. robur USA EF070422 EF070438 EF070410 

C. virescens CMW 11164 Fagus americanum USA DQ520639 EF070441 EF070413 
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3.4. Pathogenicity Testing 
 

Pathogenicity experiment were designed to evaluate the four fungal isolates from 

each Districts; Khanewal, Multan, Muzafergarh and Rahim Yar Khan on different 

cultivars of one year old healthy growing mango seedlings from each districts of 

southern, northern Punjab and AJK in a disease free environment, Institute of 

Horticultural Sciences. I-cut window method as described by Mullen et al., 1991 and Al-

Adawi et al., 2006 was used to test the pathogenicity. Each mango seedling stem were 

wounded by making a I-shaped window of 7.5 mm long and 5 mm wide with a sterilized 

scalpel above the graft union and soil level (approximately 20cm). Mycelial plug (5 mm 

diam.) with MEA of fungal isolates was inserted into the I-cut windows of mango 

seedlings. After inoculation I-cut windows were covered with moistened sterilized cotton 

swabs and banded with paraffin wax strips. Control seedlings were just treated with MEA 

plugs. The inoculated seedlings were watered twice a week. Data of disease progression 

was recorded on a weekly basis for discolored area with upward and downward 

movement of fungus. After complete collapse of inoculated seedlings, bark tissues were 

removed and strips of white & black vascular tissues were collected and processed for re-

isolation of the pathogen to confirm the presence of the test pathogen of MSDS. 

Statistical analysis of data was carried out for pathogenicity testing of germplasm using 

SAS statistical software (SAS Institute, NC, USA 1990). Correlation analysis was used to 

assess the relationship between progress of disease symptoms, wilting, discoloration, and 

movement of the fungal mycelium in the stem. 

3.5. Histopathological Studies 

 Histopathological studies of vascular tissues of diseased nursery plants were 

carried out by prescribed method of Abdullah, et al., 2010. Two 10 mm transverse 

sections of diseased stem were taken 3cm above the inoculation point and these sections 

were fixed in formalin acetic alcohol (v/v formalin 10%, acetic acid 5%, ethyl alcohol 

50% and distilled water 35%) for 48 hours and subsequently transferred to acetic alcohol 

(v/v acetic acid 25% and ethanol 75%) solution for long term storage. After that, further 

cutting of fixed sections into 3mm transverse sections was done by using freehand thin 

transverse sectioning. Fixed free hand sections slides were prepared by serial 

dehydrations in ethanol using standard double-stain technique of safranine and fast green 

stains and examined microscopically. Transverse sections from healthy or un-inoculated 

mango seedlings were treated as control. 
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3.6. Screening for disease resistance 

 Two hundered and twenty three indigenous mango germplasm seedlings from 

each districts of southern Punjab; KHW=38, MLT=48, MZG=22 and RYK=34, northern 

Punjab; SKT=4 and GRT=2; and Azad Jammu & Kashmir; MRP=15, KTL=15 and 

BMB45 in a disease free environment in the screen house of Institute of Horticultural 

Sciences were evaluated for the resistance to four fungal isolates of each districts of 

southern Punjab. Three replicates for each asseccion of indigenous mango germplasm 

was grafted on local rootstock with three replications. The healthy seedlings were 

artificially exposed and inoculated with the fungal isolates by I-cut window method (Al-

Adawi, et al., 2006) as studied in pathogenicity testing trial.  Seedlings inoculated with 

sterile MEA plugs, served as the control. Lesion lengths were measured on weekly basis 

for seven weeks. Disease symtopms data for gummosis, wilting, bark splitting and 

vascular discoloration was recorded under a linear scale from 0-5 to evaluate the disease 

severity, where 0 =  no symptoms, 1 = slight gummosis with 4-6 leaves wilting, 2 = 

moderate gummosis with obvious discoloration and 8-12 leaves wilting, 4 = severly 

infected with partial wilt and 5 = total wilt with bark splitting and discoloration. While 

disease incidence of indigenous mango germplasm for resistance screening was recorded 

by using a disease incidence scale, where 0-20% = Resistant/tolerant mango 

germplasm/R, 21-40% = moderatly resistant/moderately tolerant mango germplasm/MR, 

41-60% = moderately susceptible mango germplasm/MS, 61-80% susceptible mango 

germplasm/S and 81-100% = highly susceptible mango germplasm/HS. 

3.7. Management 

3.7.1. Evaluation of fungicides 

Efficacy of four systemic fungicides, Benomyl (Benlate 50% WP), Carbendazim 

(Bavistin 50% WP), Difenconazole (3%), and Topsin-M ( 70%WP) at 250, 500 and 750 

ppm concentrations were assesed under in vitro conditions against the fungal isolates of 

MSDS by poison food technique (Dhingra and Sinclair, 1985). Each concenterations of 

each fungicide were added in the molten MEA and poured into the petri-plates with three 

replications of each fungicide. Control was maintained without adding any fungicides to 

the cultured medium. Mycelial plugs of one week old actively growing cultures were 

taken and placed on the poisoned MEA petri-plates. Plates were incubated at ± 25 C°. 

Data for percent colony growth was conducted after 3, 6 and 9 days. The efficacy of 
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fungicides was expressed as the percent inhibition of mycellial growth over control 

(Vincet, 1947), and was calculated by the following formula; 

 

% Inhibition =
Radial growth in control –  Radial growth in treatment

Radial growth in control
 × 100 

                          

Based on the most effective fungicides identified with its concentrations from the 

in vitro experiment further studies were conducted to evaluate management of the disease 

in green house alone and in combinations. Mango plants were artificially inoculated for 

testing the efficacy of fungicidal treatments. Three soil drenching with fungicides 

concentrations (250, 500 and 750 ppm) were made; one = before inoculation, second = 

after two weeks of inoculation and third = after four weeks of inoculation. Plants without 

any fungicidal applications were kept as the control. Disease progression data was taken 

three times; 7, 21 and 35 days. Percent decrease in disease as compared to the control was 

measured as reduced mean lesion length, wilting, discoloration and gummosis.  

Efficacy of fungicides and their concentrations were also tested in the field 

conditions based on the evaluation from green house studies. Three soil drenchings as 

above were used. Untreated were considered as control. Data was recorded for the 

percentage reduction in disease incidence of field trees as compare to control.  

Data was statistically analyzed with SAS/STAT software (SAS Institute, 1990). 

LSD test at 5% level of significance was used to check the significance of each fungicide 

against the disease management (Steel et al., 1996). Regression analysis was analysed for 

efficacy of fungicides in response to disease management. 

 

 

  



 29 

Chapter 04 

RESULTS 

4.1. Survey and collection of samples 

4.1.1. Survey 

On the basis of spatio-variational analysis, the districts of southern Punjab was 

highly affected with an overall 74.4% MSDS incidence as compare to the districts of 

nothern Punjab and AJK showing no MSDS incidence (Fig. 3). Semivariograms in case 

of Southern Punjab scaled in five well define disease incidence percentages with color 

demarcation 0-20% dark green, 21-40% light green, 41-60% yellow, 61-80% tan, 81-

100% red. While, in case of northern Punjab and AJK semivariograms represented one 

green color demarcation with 0% disease incidence. Sampling points from southern 

Punjab with Ceratocystis sp. isolates were named CMK, CMM, CMG, CMR (initial of 

isolated fungus (Ceratocystis manginecans CM) and Districts (K=KHW), (M=MLT), 

(G=MZG) & (R=RYK) with their numeric numbers, the others represented numerically, 

while sampling points from northern Punjab and AJK were named with their districts 

names SKT, GRT, MRP, KTL, BMB and numeric numbers. Spatio-variation of overall 

disease incidence for each districts represented (Fig. 4) as follows, Khanewal showed 

83.2% (Fig. 5a) followed by Multan 75% (Fig. 5b), Muzafergarh 67.9% (Fig. 6a) and 

Rahim Yar Khan 71.5% (Fig. 6b). On the other side, districts of northern Punjab; Sialkot 

(Fig. 7a) and Gujrat (Fig. 7b), and districts of Azad Jammu & Kashmir; Mirpur (Fig. 8a), 

Kotli (Fig. 8b) and Bhimber (Fig. 9) did not show any type of variation in semi-

variogram. So, based on the semi-variograms of districts of northern Punjab and AJK it is 

concluded that these districts are still not affected with MSDS according to the sampling 

points.  
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Fig. 3;  Overall disease incidence of Southern vs Northern Punjab and Azad Jammu 

Kashmir

 

 

Fig. 4; Percent disease incidence in different districts of Southern, Northern Punjab 

and Azad Jammu Kashmir 
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Southern Punjab 

 
 

  Fig. 5; Spatio-variation of MSDS disease incidence of (a) district Khanewal (b) district Multan 
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Southern Punjab 

 

 

  

 

 

 

Fig. 6; Spatio-variation of MSDS disease incidence of (a) district Muzafergarh (b) district Rahim Yar Khan 
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Northern Punjab 

 

 

 

 

  

Fig. 7; Spatio-variation of MSDS disease incidence of (a) district Gujrat (b) district Sialkot 
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Azad Jammu Kashmir 

 

 

        

 

Fig. 8; Spatio-variation of MSDS disease incidence of (a) district Mirpur (b) district Kotli 
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Azad Jammu Kashmir 

 

 Fig. 9; Spatio-variation of MSDS disease incidence of district Bhimber 
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4.1.2. Collection of samples; 
Sixty eight samples were collected from MSDS affected trees of each district of 

southern Punjab; KHW (15), MLT (16), MZG (12) and RYK (25) (Table 3). 

 

Table 3: Sampling of MSDS affected trees from districts of Southern Punjab 

 

 

 

 

Southern Punjab (Districts)  Total samples 

Khanewal  15 

Multan  16 

Muzafergarh  12 

Rahim Yar Khan  25 

Total  68 

MSDS affected trees 

Fig. 10: Different steps of surveying and sampling from MSDS affected 

mango trees 
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White and black streaks in the vascular tissues 

GPS Tagging Sampling from an affected tree 
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4.2. Isolation: 
Isolation of fungal pathogens from symptomatic discolored xylem tissues from sixty 

eight samples yielded 50 isolates with overall percent isolation success of 73% (50/68). 

District wise percent isolation was KHW 73% (11/15), MLT 56% (9/16), MZG 75% (09/12) 

and RYK 84% (21/25), respectively as indicated in Table 4 and Fig. 11. Twenty seven 

percent isolations were discarded due to harsh environmetal conditions and considered as an 

error. All fifty isolates were closely resembled with Ceratocystis sp. (Fig. 12) from 

Ceratocystis fambraita s.l. species complex. So, it was concluded that the Ceratocystis sp. is 

frequently isolated from different districs of southern Punjab. None of the other fungal 

pathogens previously described to be associated with MSDS were isolated in this study. 

 

Table 4: Frequency of fungal isolates 

 

 

 

 
 

Fig. 11: Percent isolation of Ceratocystis sp. isolates from four districts of Southern 

Punjab 

 

 

Southern 

Punjab 

(Districts)  

Total 

samples  

Isolates of 

Ceratocystis 

sp. 

Other 

Fungal 

Isolates 

Samples 

distroyed due to 

harsh 

enivorment 

 Percent 

Isolation of 

Ceratocystis sp. 

Khanewal  15 11 0 4  73 

Multan  16 09 0 7  56 

Muzafergarh  12 09 0 3  75 

Rahim Yar 

Khan  

25 21 0 4  84 

Total  68 50 0 18  73 
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    Fig. 12; Isolation of Ceratocystis sp. on carrot baits 

Isolates on carrot baits 

A purified isolate 
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4.2.1. Comparative growth efficacy of isolates; 

 

Comparative efficacy of isolates for their growth on + 25 °C was evaluated for all fifty isolates of Ceratocystis sp. Seventeen isolates; CMK04 

(4.3 cm), CMK05 (4.5 cm), CMK06 (4.3 cm), CMK07 (4 cm), CMK08 (4.1 cm), CMM12 (4.7 cm), CMM14 (4.5 cm), CMM17 (4.8 cm), 

CMG21 (4.4 cm), CMG23 (4.2 cm), CMG27 (4.6 cm), CMG28 (4.1 cm), CMR35 (4.2 cm), CMR37 (4.5 cm), CMR38 (4.3 cm), CMR46 (4.3 

cm) and CMR48 (4.5 cm) grew faster than others with a mean growth area 4 to 4.8 cm covered in a 9 cm petridish in 7 days with the production 

of almost all key morphological characters (Fig. 13), out of 50 isolates of Ceratocystis sp. None of the isolate were able to grow on temperature 

lower than 20 °C and above 30 °C. 

 

 
 

Fig. 13; Comparative growth efficacy of isolates at 25 °C (LSD= 0.05 SD=0.54) 
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4.3. Morphological and molecular characterization of isolates: 

4.3.1. Morphology; 

Isolates on MEA clearly represents a member of the C. fimbriata s. l. complex based 

on morphological characteristics of both the sexual and the asexual structures. Cultures were 

greyish olive with blackish brown ascomata exuding golden masses of ascospores similar as 

described by Van Wyk et al. 2007. There was no growth below 20 °C and above 25°C. 

Optimum temperature is 25 °C. There were no observable morphological differences in the 

growth of isolates.  

 Ascomata were black with globose bases, long necks of lighter color at the apices 

exuded hat shaped and hyaline ascospores. Primary cylindrical hyaline conidia and secondary 

barrel shaped hyaline conidia were present with their tubular condiophores, respectively. 

Globose to oval shaped olive brown chlamydospores were also present as resting spores for 

asexual reproduction. All morphological characteristics of the isolates examined in this study 

were similar to those in the description given for the C. manginecans isolated from diseased 

mango trees (Van Wyk et al. 2007).  

 Statistical analysis of morphological characters using T-test showed that the means 

for each character of 50 isolates with the values of standarad error of means at 95% level of 

significance (P<0.05), here all the values less than 0.05 which represents none of the isolates 

are different with each other and non-significant. None of the values were missing. 

 There was no significant difference between different dimensions of the structures in 

the isolates (Table 5), and all characters were same in their dimensions as in C. manginecans. 

Morphological studies described the fungal isolates associated with MSDS in this studies 

were C. manginecans significantly falls in the prescribed key of C. manginecans (Van Wyk, 

et al., 2007) according to their dimensional measurement means in µm for length and width 

(Table 6). All characters are shown in the Fig. 14.  
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Table 5: T-test for mean morphological characters of fungal isolates associated with 

MSDS affected trees 

Variables Mean SE Lower Upper T DF P 

Ascosporess   4.5156 0.0793 4.3538 4.6774 56.93 49 0.00* 

Ascospores width 7.1875 0.0625 7.06 7.315 11.5 49 0.00* 

Ascospores length   3.5156 0.0883 3.3354 3.6958 39.79 49 0.00* 

Globose ascoma 233.69 4.0107 225.51 241.87 58.27 49 0.00* 

Beak length 592.84 10.265 571.91 613.78 57.75 49 0.00* 

Beak tip          21 0.6205 19.734 22.266 33.84 49 0.00* 

Beak base          23.281 1.0192 21.203 25.36 22.65 49 0.00* 

Barrel width          5.9609 0.1394 5.6767 6.2451 42.78 49 0.00* 

Barrel length 10.992 0.1466 10.693 11.291 75 49 0.00* 

Cylindrical conidia  w          4.8594 0.0959 4.6639 5.0549 50.69 49 0.00* 

Cylindrical conidia l           25.5 0.6254 24.224 26.776 40.77 49 0.00* 

Chlamydospore width             9.8438 0.1497 9.5385 10.149 65.77 49 0.00* 

Chlamydospore length         12.688 0.1928 12.294 13.081 65.81 49 0.00* 

 

Cases Included 50    Missing Cases 0  

 

Table 6: Morphological characters of C. manginecans isolated from MSDS affected 

mango trees 

 

                             Morphology                             µm Max. & Min. range 

(µm) 

Ascospore Length   3.52 3-4  

Width e.s*  4.50 4-5  

w.s* 7.19 7-8  

Perithecia Beak Length   593.10 514-673  

Beak width  tip 21.18 25-48  

base 23.26 15-26  

Globosed ascoma   233.42 153-281  

Conidia Cylindrical W  4.86 4-6  

L 25.27 18-33  

Barrel W 5.93 5-8  

L 10.96 9-12  

Chlamydospores L   12.67 11-14  

W   9.89 9-12  

*e.s = excluding sheath, w.s = with sheath, W = width, L = length 
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Fig. 14; Morphology of Ceratocystis manginecans, A) Globosed ascoma of brownish black 

color, B) Ostiolar hyphal beak with lighter apices, C) secondary barrel shaped hyaline 

conidia, D) septate hypha, E) Hat-shaped hyaline ascospores, F) primary cylindrical hyaline 

conidia exuding out from tubular conidiophores, G) transformation of hypha for 

chlamydospores production as a resting spore for asexual production, H) Primary hyaline 

conidia, I) globose to oval shaped olive brown chlamydospores. 

4.3.2. Phylogeny: 

All four fungal isolates CMK04, CMM12, CMG23, CMR35 DNA was extracted 

successfully and concentration were quantified 109.3 ng/µl, 78.3 ng/µl, 150.9 ng/µl, and 

114.5ng/µl, respectively. Three gene regions, the Internal Transcription Spacer (ITS) region 

including the 5.8S rDNA operon, Beta-tubulin (βt) and Transcription Elongation Factor-1 

alpha (EF-1α) were successfully amplified with their primers ITS1, ITS4, βt1a, βt1b, EF1 and 

EF2 for all four isolates. After amplification the bands on 2% agarose gel resulted according 

to λ-1 kb DNA ladder ITS ≈ 650 bp, Beta-tubulin ≈ 600 bp and translation elongation factor 

≈ 850bp were observed (Fig. 15).  

Sequences were generated, assembled, aligned and BLASTed which resulted the fungal 

isolates were C. manginecans. Total number of characters in the ITS data set after alignment 

and inclusion of gaps was 562 bp. In BT data set after alignment and inclusion of gaps 

number of total charcters was 532 bp. Elongation factor data set after alignment and inclusion 

of gaps represents total number of characters was 739 bp.  Sequence data showed that all 
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three gene regions can concatenated in one sequence. Total number of characters for 

combined data set resulted in characters 1833 bp with identical sites: 1,833 (100.0%) and 

pairwise % identity: 100.0 % as in Fig. 16. In comparison with other described species of C. 

manginecans, C. fimbriata s. s. complex, C. cocaofunesta, C. pirilliformis, C. atrox, C. 

polychroma, C. albifundus, C. smalleyi, C. caryae, and C. populicola sequences were 

concatenated. All the four sequences were gaped in comparsion with other species and 

resulted into 783 bp of ITS, 539 bp of beta-tubulin, 826 bp of elongation factor with total 

gaped sequences of 2636 bp. 

The evolutionary history was inferred using the Neighbor-Joining method. The 

analysis involved 26 nucleotide sequences. All positions containing gaps and missing data 

were eliminated. There were a total of 1455 positions in the final dataset. The optimal tree 

with the sum of branch length = 0.308 was shown. The percentage of replicate trees in which 

the associated taxa clustered together in the bootstrap test (1000 replicates) was shown next 

to the branches. The tree is drawn to scale, with branch lengths in the same units as those of 

the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances 

were computed using the Tamura 3-parameter method and were in the units of the number of 

base substitutions per site. The rate variation among sites were modeled with a gamma 

distribution (shape parameter = 5). Distinct clades, representing different phylogenetic 

species, were observed in the combined analysis, each with a strong bootstrap support (100 

%) (Fig. 17). Sequences revealed no significant phylogenetic difference between the isolates 

from Oman and Pakistan described before and included in this study, which all clustered 

closely together in a nested clade (BP=98%). The C. manginecans group was separated from 

other species in the C. fimbariata s. l. species complex. The isolates of C. manginecans were 

most closely related to C. fimbraiat s.s. species complex and C, cacaofunesta.   
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Fig. 15: Visualization of four isolates for the amplification of gene regions (A) ITS ≈ 650 bp, 

B) Beta-tubulin ≈ 600 bp and  (C) transcription elongation factor ≈ 850bp 

  

C 
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Fig. 16: C. manginecans genome sequence of four fungal isolates (A) CMK 04, (B) CMM12, (C) CMG 23 and (D) CMR 35 

 

C. manginecans genome  
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Fig. 17: Phylogenetic tree of newly isolated C. manginecans isolates from Southern 

Punjab, Pakistan in relation to previously described species of Ceratocystis genera. 
The optimal tree with the sum of branch length = 0.308 is shown. The percentage of replicate 

trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is 

shown next to the branches. The tree is drawn to scale, with branch lengths in the same units 

as those of the evolutionary distances used to infer the phylogenetic tree. The analysis 

involved 26 nucleotide sequences. All positions containing gaps and missing data were 

eliminated. There were a total of 1455 positions in the final dataset. Evolutionary analyses 

were conducted in MEGA6. 
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4.4. Pathogenicity Testing: 

Pathogenicity trial on inoculation of mango seedlings resulted in gum exudation, 

followed by discoloration and leaves wilting after one week of inoculation (Fig. 20). The 

wilting and declining symptoms of inoculated seedlings with gum exudation, brown to black 

discoloration, wilting of the leaves and bark splitting were typically same as recorded during 

survey of MSDS incidence in mango orchards (Fig. 21).  

 Inoculated mango seedlings results in stem discoloration with approximately no 

significance difference between upward (47.00 cm of week eight) and downward movement 

(46.96 cm of week eight) of the C. manginecans fungal isolates (Fig. 19). The fungal growth 

in xylem tissues provides the growth nutrients vertically, which supports the fungal pathogen 

not to get any significance obstruction from severe wilt symptoms. Rate of internal 

discoloration of wood tissues showed no significance difference in opposing directions but 

severity decrease with increasing the distance from point of inoculation.  

 C. manginecans was also recoverd from areas in the stem ahead of discoloration 

which indicates the colonization rate is higher of fungus inside the vascular tissues of mango 

seedlings (Fig. 20).  

 Limited necrosis upon inoculation is a defense mechanism but further progression 

with necrosis, gummosis and wilting with discoloration is common in Ceratocystis induced 

wilt diseases. At the end of the experiment almost 95% susceptible seedlings were declined. 

Whereas, controlled seedlings were not diseased or wilted.  

 Re-isolation of the same fungal isolates of C. manginecans as inoculated on the 

seedlings proved Koch’s postulates, while control seedlings were unable to give any type of 

fungal isolates. Correlation anylsis indicates a significant and positive correlation between 

rate of tissue discoloration and progress of disease in opposite directions, (r ≥ 0.99; P < 0.05) 

(Fig. 18). One unit change in disease favourable conditions or time increased 5.5443e0.0447x   

disease in exponential correlation while in linear corrletaion one unit change increased the 

0.8556x percent disease. Upward and downward movements of fungal hyphae in relation to 

disease were also positively correlated and approximately similar to each other, upward 

movement showed positive correlation R2 = 0.931 and increased the disease 0.847 X with one 

unit change, while in downward movement 0.843X disease increased with strong correlation 

R2 = 0.931 by one unit change (Fig. 19). The upward and downward movements were 

approximately same in discoloration of mango seedlings and disease progress. 
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Fig. 18; Correlation analysis for the percent disease in terms of wilting, discoloration and 

gum exudation in relation to time revealed positive exponential and linear correlation with 

strong R2   values. 

 

 

 

 

 

 

 

 
   

 

 

 

 

 

 

 

 

 

 

Fig. 19; Correlation analysis for the percent disease (cm) in terms of upward and downward 

movement of fungal hyphae in relation to time revealed positive linear correlation with 

approximately, similar strong R2   values. 
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Fig. 20; Percent disease with mean average length of lesions, distances for recovery of 

inoculated isolates and symptoms development. Bar graphs indicate disease starts after one 

week of inoculation as on first week there were no lesions and disease symptoms.  
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Fig. 21. Symptoms development in C. manginecans inoculated mango germplasm (A) Gum 

exudation, (B) Perithecial growth with ascospore masses on severely infected seedlings C) 

discoloration of branches/stem (D & E) Wilting stages (F) Bark splitting (G & H) controlled 

seedlings. 
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4.5. Histpathological Studies: 

C. manginecans, fungal mycellia on inoculation of mango seedlings (Fig. 22 B) 

shows discoloration of stem cells due to the deposition of phenolic compounds in higher 

quantity as in Fig. 22 E & F. Wood decay and discolration or total collapse of the epidermal 

tissues due to C. manginecans is common feature of seedling decay following with wilting 

(Fig. 22 C). Deposition of phenolic compounds, gummosis and cell necrosis resulted in 

xylem and phloem dysfunctioning preventing translocation of water and mineral uptake. The 

C. manginecans fungal hyphae grow faster even against the gravity in both opposite 

directions and ultimately, seedlings starts suffering in disease progression with the dry, rigid 

surface, loss of water, and nutrients (Fig. D). Original cell size got shrinked with dark 

coloration. Axial rays, xylem vessels and pith cells show sclereids due to the loss of water.   

C. manginecans contribute to dysfunction the xylem with the progressing of fungal hyphae 

and production of tyloses which prevents the normal uptake of water (Fig. 22 G & H). 

Stem epidermis showed increasing thickness and its cells area collapsed with 

sclerenchyma thickness, whereas, healthy tissues do not show any thickness of epidermis and 

scelerids. 

Histological studies of control mango seedlings showed a healthy tissue appearance 

(Fig. 22 A) without any darkness of phenloic compounds or formation of tyloses as compare 

to the inoculated mango seedlings.   
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Fig. 22; Histological studies of C. manginecans inoculated seedlings vs healthy seedlings  A) Healthy mango seedling tissue B) 

Inoculated mango seedling C) collapsed stem dermal tissues D) arrow heads are showing fungal hyphae E & F) production of 

phenolic compounds with discoloration of cells in xylem axial arrays and pith G & H) production of tyloses 
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4.6. Screening for disease resistance 
 Screening for disease resistance of indigenous mango germplasm resulted in high 

variability in response to C. manginecans fungal isolates; highly susceptible hosts were 5% of 

the germplasm (11/223), susceptible 12% (27/223), moderately susceptible 25% (56/223) 

moderately resistant 56% (124/223) and resistant 2% (5/223) (Fig. 24). Indigenous mango 

germplasm seedlings response from each districts of southern Punjab; KHW showed thirty 

indigenous mango accessions KHW-251, KHW-252, KHW-254, KHW-512, KHW-513, 

KHW-511, KHW-331, KHW-333, KHW-335, KHW-506, KHW-,336, KHW-337, KHW-

340, KHW-508, KHW-341, KHW-502, KHW-504, KHW-482, KHW-483, KHW-497, 

KHW-485, KHW-486, KHW-487, KHW-499, KHW-489, KHW-491, KHW-492, KHW-494, 

KHW-495, KHW-496 were moderately resistant and eight KHW-338, KHW-480, KHW-481, 

KHW-488, KHW-490, KHW-501, KHW-505, KHW-510 were moderately susceptible and 

no one was resistant out of 38 (Table 7), MLT indigenous mango accessions showed twenty 

seven MLT-518, MLT-520, MLT-472, MLT-475, MLT-477, MLT-234, MLT-241, MLT-

246, MLT-248, MLT-249, MLT-346, MLT-348, MLT-349, MLT-371, MLT-373, MLT-375, 

MLT-377, MLT-384, MLT-388, MLT-392, MLT-393, MLT-395, MLT-399, MLT-401, 

MLT-461, MLT-469, MLT-471 were moderately resistant, thirteen MLT-237, MLT-242, 

MLT-342, MLT-344, MLT-350, MLT-374, MLT-383, MLT-396, MLT-398, MLT-466, 

MLT-468, MLT-473, MLT-476 were moderately susceptible, seven MLT-353, MLT-358, 

MLT-362, MLT-379, MLT-382, MLT-400, MLT-404 were susceptible, one MLT-357 was 

highly susceptible, no one was resistant out of 48 (Table 8), MZG showed twelve MZG-251, 

MZG-261, MZG-559, MZG-536, MZG-537, MZG-546, MZG-547, MZG-554, MZG-564, 

MZG-566, MZG-567, MZG-568 were moderately resistant, eight MZG-529, MZG-530, 

MZG-550, MZG-558, MZG-561, MZG-563, MZG-565, MZG-549 were moderately 

susceptible, two MZG-548, MZG-562 were susceptible and no one was resistant out of 22 

(Table 9) and RYK represented twenty seven RYK-246, RYK-431, RYK-440, RYK-442, 

RYK-444, RYK-445, RYK-446, RYK-454, RYK-456, RYK-570, RYK-584, RYK-588, 

RYK-591, RYK-594, RYK-595, RYK-598, RYK-599, RYK-600, RYK-601, RYK-602, 

RYK-603, RYK-609, RYK-611, RYK-612, RYK-613, RYK-615, RYK-616 were moderately 

resistant and seven RYK-426, RYK-593, RYK-430, RYK-569, RYK-585, RYK-619, RYK-

620 were moderately resistant and no one was resistant out of 34 (Table 10), northern Punjab; 

SKT showed two SKT-206, SKT-211 were resistant one SKT-23 was moderately resistant 

and one SKT-209 was moderately susceptible out of 4 (Table 11) and GRT showed one 

GRT-185 was resistant and second GRT-96 was moderately resistant out of 2 (Table 12); and 
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Azad Jammu & Kashmir; MRP showed one MRP-01 was resistant, six MRP-05, MRP-06, 

MRP-08, MRP-11, MRP-15, MRP-16 were moderately resistant, two MRP-07, MRP-14 

were moderately susceptible, four MRP-09, MRP-10, MRP-12, MRP-271 were susceptible 

and two MRP-03, MRP-04 were highly susceptible out of 15 (Table 13), KTL eight KTL-17, 

KTL-18, KTL-28, KTL-22, KTL-23, KTL-26, KTL-30, KTL-32 were moderately resistant 

and seven KTL-27, KTL-19, KTL-21, KTL-25, KTL-33, KTL-34, KTL-35 were moderately 

susceptible, no one was resistant out of 15 (Table 14) and BMB one BMB-56 was resistant, 

twelve BMB-49, BMB-52, BMB-57, BMB-36, BMB-37, BMB-66, BMB-89, BMB-59, 

BMB-65 BMB-112, BMB-127, BMB-145 were moderately resistant, ten BMB-38, BMB-58, 

BMB-106, BMB-149, BMB-222, BMB-226, BMB-68, BMB-224, BMB-111, BMB-128  

were moderately susceptible, fourteen BMB-43, BMB-44, BMB-45, BMB-228, BMB-139, 

BMB-223, BMB-154, BMB-75, BMB-83, BMB-85, BMB-122, BMB-131, BMB-124, BMB-

92 were susceptible and eight BMB-46, BMB-227, BMB-143, BMB-129, BMB-135, BMB-

134, BMB-132, BMB-118 were highly susceptible out of 45 indigenous mango germplasm 

(Table 15).  

Average lesion lengths varied from 43.7 cm to 15 cm in susceptible to resistant 

germplasm. The average lesion length on the control seedlings (0.5 cm) was significantly 

smaller than all test plants. Upward and downward fungal growth in susceptible germplasm 

was approximately similar in response to C. manginecans (Fig 23). Resistant indigenous 

accessions SKT-206, SKT-211, GRT-185, MRP-01, BMB-56, and moderately resistant 

accessions KHW-251, KHW-252, KHW-254, KHW-512, KHW-513, KHW-511, KHW-331, 

KHW-333, KHW-335, KHW-506, KHW-,336, KHW-337, KHW-340, KHW-508, KHW-

341, KHW-502, KHW-504, KHW-482, KHW-483, KHW-497, KHW-485, KHW-486, 

KHW-487, KHW-499, KHW-489, KHW-491, KHW-492, KHW-494, KHW-495, KHW-496, 

MLT-518, MLT-520, MLT-472, MLT-475, MLT-477, MLT-234, MLT-241, MLT-246, 

MLT-248, MLT-249, MLT-346, MLT-348, MLT-349, MLT-371, MLT-373, MLT-375, 

MLT-377, MLT-384, MLT-388, MLT-392, MLT-393, MLT-395, MLT-399, MLT-401, 

MLT-461, MLT-469, MLT-471, MZG-251, MZG-261, MZG-559, MZG-536, MZG-537, 

MZG-546, MZG-547, MZG-554, MZG-564, MZG-566, MZG-567, MZG-568, RYK-246, 

RYK-431, RYK-440, RYK-442, RYK-444, RYK-445, RYK-446, RYK-454, RYK-456, 

RYK-570, RYK-584, RYK-588, RYK-591, RYK-594, RYK-595, RYK-598, RYK-599, 

RYK-600, RYK-601, RYK-602, RYK-603, RYK-609, RYK-611, RYK-612, RYK-613, 

RYK-615, RYK-616, SKT-23, GRT-96, MRP-05, MRP-06, MRP-08, MRP-11, MRP-15, 

MRP-16, KTL-17, KTL-18, KTL-28, KTL-22, KTL-23, KTL-26, KTL-30, KTL-32BMB-49, 
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Fig. 23: Average lesion length with upward and downward movement of C. manginecans 

isolates with the response of resistant vs susceptible 

 
Fig. 24: Overall resistant vs susceptible response of indigenous mango germplasm in relation 

to C. manginecans  
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Table 7: Resistant vs susceptible response of Khanewal indigenous mango germplasm in 

relation to C. manginecans 

 

Sr.

No 

Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs Resistant 

Sr.

No 

Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs Resistant 

1 KHW-251 
28 

MR 20 KHW-489 
39 

MR 

2 KHW-252 
38 

MR 21 KHW-490 
42 

MS 

3 KHW-254 
35 

MR 22 KHW-491 
37 

MR 

4 KHW-331 
21 

MR 23 KHW-492 
38 

MR 

5 KHW-333 
25 

MR 24 KHW-494 
31 

MR 

6 KHW-335 
37 

MR 25 KHW-495 
38 

MR 

7 KHW-336 
34 

MR 26 KHW-496 
36 

MR 

8 KHW-337 
38 

MR 27 KHW-497 
28 

MR 

9 KHW-338 
47 

MS 28 KHW-499 
36 

MR 

10 KHW-340 
30 

MR 29 KHW-501 
47 

MS 

11 KHW-341 
29 

MR 30 KHW-502 
28 

MR 

12 KHW-480 
46 

MS 31 KHW-504 
38 

MR 

13 KHW-481 
44 

MS 32 KHW-505 
44 

MS 

14 KHW-482 
40 

MR 33 KHW-506 
30 

MR 

15 KHW-483 
37 

MR 34 KHW-508 
40 

MR 

16 KHW-485 
22 

MR 35 KHW-510 
53 

MS 

17 KHW-486 
35 

MR 36 KHW-511 
30 

MR 

18 KHW-487 
34 

MR 37 KHW-512 
37 

MR 

19 KHW-488 
42 

MS 38 KHW-513 
32 

MR 

Resistant = R, moderatly resistant = MR, moderately susceptible = MS, susceptible = S and 

highly susceptible = HS 
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Table 8: Resistant vs Susceptible response of Multan indigenous mango germplasm in 

relation to C. manginecans 

 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

1 MLT-234 37 MR 28 MLT-392 36 MR 

2 MLT-237 41 MS 29 MLT-393 40 MR 

3 MLT-241 38 MR 30 MLT-395 35 MR 

4 MLT-242 45 MS 31 MLT-396 48 MS 

5 MLT-246 36 MR 32 MLT-398 49 MS 

6 MLT-248 38 MR 33 MLT-399 38 MR 

7 MLT-249 37 MR 34 MLT-400 70 S 

8 MLT-342 48 MS 35 MLT-401 40 MR 

9 MLT-344 57 MS 36 MLT-404 72 S 

10 MLT-346 38 MR 37 MLT-461 36 MR 

11 MLT-348 35 MR 38 MLT-466 45 MS 

12 MLT-349 39 MR 39 MLT-468 46 MS 

13 MLT-350 54 MS 40 MLT-469 38 MR 

14 MLT-353 69 S 41 MLT-471 39 MR 

15 MLT-357 82 HS 42 MLT-472 38 MR 

16 MLT-358 61 S 43 MLT-473 41 MS 

17 MLT-362 79 S 44 MLT-475 38 MR 

18 MLT-371 38 MR 45 MLT-476 41 MS 

19 MLT-373 39 MR 46 MLT-477 38 MR 

20 MLT-374 47 MS 47 MLT-518 37 MR 

21 MLT-375 38 MR 48 MLT-520 33 MR 

22 MLT-377 37 MR 49 MLT-521 47 MS 

23 MLT-379 62 S 50 MLT-524 33 MR 

24 MLT-382 71 S 51 MLT-633 32 MR 

25 MLT-383 43 MS 52 MLT-640 50 MS 

26 MLT-384 39 MR 53 MLT-642 46 MS 

27 MLT-388 38 MR     

Resistant=R, moderatly resistant=MR, moderately susceptible=MS, susceptible=S, highly susceptible=HS 
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Table 9: Resistant vs susceptible response ozf Muzafergarh indigenous mango 

germplasm in relation to C. manginecans 

 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

1 MZG-255 36 MR 12 MZG-550 43 MS 

2 MZG-261 40 MR 13 MZG-554 39 MR 

3 MZG-529 57 MS 14 MZG-558 48 MS 

4 MZG-530 51 MS 15 MZG-561 53 MS 

5 MZG-533 36 MR 16 MZG-562 73 S 

6 MZG-536 37 MR 17 MZG-563 46 MS 

7 MZG-537 33 MR 18 MZG-564 39 MR 

8 MZG-546 39 MR 19 MZG-565 46 MS 

9 MZG-547 38 MR 20 MZG-566 35 MR 

10 MZG-548 75 S 21 MZG-567 37 MR 

11 MZG-549 51 MS 22 MZG-568 39 MR 

Resistant = R, moderatly resistant = MR, moderately susceptible = MS, susceptible = S and 

highly susceptible = HS 

Table 10: Resistant vs Susceptible response of Rahim Yar Khan indigenous mango 

germplasm in relation to C. manginecans 

 

Sr.

No 

Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs Resistant 

Sr.

No 

Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs Resistant 

1 RYK-246 36 MR 18 RYK-593 42 MS 

2 RYK-426 46 MS 19 RYK-594 33 MR 

3 RYK-430 41 MS 20 RYK-595 30 MR 

4 RYK-431 29 MR 21 RYK-598 39 MR 

5 RYK-440 30 MR 22 RYK-599 28 MR 

6 RYK-442 37 MR 23 RYK-600 31 MR 

7 RYK-444 30 MR 24 RYK-601 33 MR 

8 RYK-445 40 MR 25 RYK-602 28 MR 

9 RYK-446 29 MR 26 RYK-603 30 MR 

10 RYK-454 38 MR 27 RYK-609 40 MR 

11 RYK-456 36 MR 28 RYK-611 38 MR 
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12 RYK-569 51 MS 29 RYK-612 39 MR 

13 RYK-570 32 MR 30 RYK-613 34 MR 

14 RYK-584 38 MR 31 RYK-615 31 MR 

15 RYK-585 50 MS 32 RYK-616 33 MR 

16 RYK-588 30 MR 33 RYK-619 48 MS 

17 RYK-591 31 MR 34 RYK-620 46 MS 

Resistant = R, moderatly resistant = MR, moderately susceptible = MS, susceptible = S and 

highly susceptible = HS 

Table 11: Resistant vs Susceptible response of Sialkot indigenous mango germplasm in 

relation to C. manginecans 

 

 

Table 12: Resistant vs Susceptible response of Gujrat indigenous mango germplasm in 

relation to C. manginecans 

 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

1 GRT185 9 R 2   GRT96 37 MR 

 

Table 13: Resistant vs Susceptible response of Mirpur indigenous mango germplasm in 

relation to C. manginecans 

 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

1 MRP 01 18 R 9 MRP 10 57 S 

2 MRP 03 100 HS 10 MRP 11 22 MR 

3 MRP 04 100 HS 11 MRP 12 65 S 

4 MRP 05 40 MR 12 MRP 14 52 MS 

5 MRP 06 30 MR 13 MRP 15 24 MR 

6 MRP 07 45 MS 14 MRP 16 29 MR 

7 MRP 08 39 MR 15 MRP 271 65 S 

8 MRP 09 70 S     

 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

1 SKT-206 14 R 3 SKT-209 50 MS 

2 SKT-207 23 MR 4 SKT-211 15 R 
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Table 14: Resistant vs susceptible response of Kotli indigenous mango germplasm in 

relation to C. manginecans 

 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

1 KTL 17 27 MR 9 KTL 27 60 MS 

2 KTL 18 27 MR 10 KTL 28 30 MR 

3 KTL 19 46 MS 11 KTL 30 32 MR 

4 KTL-21 60 MS 12 KTL 32 30 MR 

5 KTL 22 26 MR 13 KTL 33 48 MS 

6 KTL 23 31 MR 14 KTL 34 55 MS 

7 KTL 25 45 MS 15 KTL 35 60 MS 

8 KTL 26 32 MR     

 

Table 15: Resistant vs Susceptible response of Bhimber indigenous mango germplasm 

in relation to C. manginecans 

  

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

Sr.No. Accession 

No. 

%Disease 

Incidence 

Susceptible 

vs 

Resistant 

1 BMB 36 40 MR 24 BMB 75 75 S 

2 BMB 37 28 MR 25 BMB 83 72 S 

3 BMB 38 46 MS 26 BMB 85 80 S 

4 BMB 49 29 MR 27 BMB 92 75 S 

5 BMB 52 31 MR 28 BMB111 53 MS 

6 BMB 56 0.5 R 29 BMB118 99 HS 

7 BMB 57 39 MR 30 BMB122 70 S 

8 BMB 58 45 MS 31 BMB124 80 S 

9 BMB 59 37 MR 32 BMB128 56 MS 

10 BMB 65 27 MR 33 BMB129 99 HS 

11 BMB 66 28 MR 34 BMB131 70 S 

12 BMB 89 29 MR 35 BMB132 100 HS 

13 BMB 106 46 MS 36 BMB134 85 HS 



 64 

14 BMB112 40 MR 37 BMB135 83 HS 

15 BMB127 32 MR 38 BMB139 80 S 

16 BMB145 35 MR 39 BMB143 100 HS 

17 BMB149 41 MS 40 BMB154 75 S 

18 BMB222 48 MS 41 BMB223 75 S 

19 BMB 43 70 S 42 BMB224 60 MS 

20 BMB 44 73 S 43 BMB226 45 MS 

21 BMB 45 72 S 44 BMB227 100 HS 

22 BMB 46 85 HS 45 BMB228 52 S 

23 BMB 68 55 MS     
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Fig. 25: Pictorial view of resistant vs susceptible disease screening of indigenous mango 

germplasm from each district of southern Punjab, northern Punjab and AJK  

A 

B C 
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4.7. MANAGEMENT  

4.7.1. Evaluation of Fungicides; 

4.7.1.a. In-vitro; 

The effect of four different fungicides topsin-M (Thiophenate-M 70%WP), carbendazim 

(Bavistin 50% WP), benomyl (Benlate 50% WP) and difenoconazole (3%) with their 

concentrations of 250, 500 and 750 PPM were assesed under in vitro conditions against the 

growth of fungal isolates of C. manginecans on MEA. Analysis of variance for the efficacy 

of percent growth inhibition was generated, shows data days, treatments, concentration, 

replications and treatments in relation to concentration were significant P<0.000, while data 

days in relation to concentration, treatment were non-significant with values of P> 0.05 

(Table 16). This shows that all have a significant role in the % inhibition of growth of C. 

manginecans except when in relation to data days, because data days does not effect the % 

inhibition. On analysis of least significant difference test at 0.05% level of significance the 

fungicides varied significantly (P<0.05) in reducing the growth of the casual fungus, C. 

manginecans at different concentrations. Carbendazim significantly inhibit the % 

growth/control at concentration 250 (2.51/5.92), 500 (2.07/5.74) and 750 PPM (2/5.83) after 

three days of inoculation. While, after six days carbendazim inhibited the growth at 250 PPM 

(2.87/6.36), 500 PPM (2.46/6.55), 750 PPM (2.23/6.03) and after nine days of inoculation the 

growth was as at 250 PPM (3.21/6.54), 500 PPM (3.09/6.85), 750 PPM (2.76/6.37).  

Followed by Topsin-M at 250 PPM (3.06/5.92), 500 PPM (2.75/5.74), 750 PPM (2.54/5.83) 

after three days, after six days at 250 PPM (3.27/6.36), 500 (3.11/6.55), 750 PPM (2.9/6.03), 

after nine days 250 PPM (3.53/6.36), 500 PPM (3.41/6.35), 750 PPM (3.07/6.04).  

Difenconazole at 250 PPM (4.09/5.92), 500 PPM (3.57/5.74), 750 PPM (3.14/5.83) after 

three days, after six days at 250 PPM (4.91/6.36), 500 (4.67/6.55), 750 PPM (4.01/6.03), after 

nine days 250 PPM (5.88/6.36), 500 PPM (5.31/6.35), 750 PPM (5.09/6.04). Benomyl at 250 

PPM (5.1/5.92), 500 PPM (4.52/5.74), 750 PPM (4.02/5.83) after three days, after six days at 

250 PPM (5.42/6.36), 500 PPM (5.02/6.55), 750 PPM (4.72/6.03), after nine days 250 PPM 

(5.95/6.36), 500 PPM (5.72/6.35), 750 PPM (4.92/6.04). 

Carbendazim showed significant inhibition at 500 PPM & 750 PPM after three days, 250 

PPM, 500 PPM, 750 PPM after six days, 750 PPM after nine days. Topsin-M showed 

significant inhibition at 750 PPM after six days. While, Difenconozole and benomyl were 

least significant as compare to carbendazim and Topsin-M (Fig. 26).  
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Regression analysis showed positive linear regression for the treatments on percent inhibition 

response of C. manginecans growth in vitro (Table 17), which shows one unit change in 

treatments, that affected the 0.0574 % inhibition response (Fig. 27).  

Table 16: Analysis of variance for efficacy of fungicides against growth inhibition of C. 

manginecans  

Source of variation              DF        SS               MS            F              P 

Data                                            2          95.871       47.9357     390.32     0.0000* 

Replication                                    2          1.914          0.9570      17.54       0.0000* 

Treatment                                  4          235.952      58.9880    480.31     0.0000* 

Concetration                                   2          24.776        12.3882    100.87     0.0000* 

Data*Treatment                              8          0.497          0.0622       0.51        0.8486NS 

Data*Concetration                               4          0.343          0.0859       0.70        0.596NS 

Treatment*Concetration               8          4.348          0.5435       4.43        0.0000* 

Treatment*Concetration*Data                       16        1.092          0.0682       0.56        0.9082NS 

Error                              88        10.808        0.1228 

Total                               134      375.602 

Grand Mean 4.2616            CV 8.22 
*Significant, NSNon-significant 

 

 

 

 

 

 

 

 

Fig. 26: Efficacy of fungicides shown as in vitro  percent inhibition of C. manginecans 

isolates 
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Table 17: ANOVA for regression analysis of fungicidal response in vitro 

      Source of variation df SS MS F Significance F 

Regression 4 311.3025 77.82562 157.3464 0.0000* 

Residual 130 64.29971 0.494613 

  Total 134 375.6022       

 

 

Fig. 27: Regression analysis for the response of fungicides in vitro percent inhibition of 

C. manginecans isolates 
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Fig. 28. Pictoral view of in vitro efficacy of fungicides against C. manginecans   
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Green House 

The effect of two fungicides and their combination viz; Topsin-M, Carbendazim and Topsin-

M + Carbendazim were studied with concentrations of 250, 500 and 750 PPM. They were 

selected for green house trial on the basis of their response in in-vitro experiment. Plants after 

inoculation were treated with fungicides.  

Analysis of variance was generated, shows data days, treatments, concentration, replications 

and treatments + concentration were significant P<0.000, while data days in relation to 

concentration, treatment were non-significant with values of P> 0.05 (Table 18). All have 

significant role in the % inhibition of lesion length due to the proliferation of  C. 

manginecans in inoculated plants except when in relation to data days, because data days 

does not effect the % inhibition according to the trial. Least significant difference test at 

0.05% level of significance showed that the fungicides significantly reduced the growth of 

casual fungus, C. manginecans in inoculated mango plants at all concentrations. Carbendazim 

significantly reduced the lesion length/control (cm) in inoculated mango plants at 

concentrations 250 PPM (3.1/8), 500 PPM (2.3/9) and 750 PPM (2/11) after seven days of 

inoculation. While, after fourteen days carbendazim inhibit the lesion length at 250 PPM 

(17/25), 500PPM (13/25), 750 PPM (10/31) and after twenty one days of inoculation the 

lesion length was at 250 PPM (37/45), 500 PPM (23/48), 750 PPM (21/50).  Followed by 

Topsin-M + Carbendazim at 250 PPM (4.6/8), 500PPM (4.2/9), 750 PPM (3.3/11) after seven 

days, after fourteen days at 250 PPM (20/25), 500 (17.5/25), 750 PPM (15/31), after twenty 

one days at 250 PPM (41/45), 500PPM (34/48), 750 PPM (30/50).  Topsin-M at 250 PPM 

(6.9/8), 500PPM (5/9), 750 PPM (4.07/11) after seven days, after fourteen days at 250 PPM 

(23/25), 500 (20/25), 750 PPM (18/31), after twenty-one days 250 PPM (42.5/45), 500PPM 

(40/48), 750 PPM (39/50). Carbendazim showed significant reduction in lesion length at 500 

PPM & 750 PPM as compared to control. Topsin-M + Carbendazim combination reduced the 

lesion length followed by Topsin-M in single use. Topsin-M was least effective alone or in 

combination (Fig. 28).  

Regression analysis showed positive linear-exponential regression for the treatments on 

percent reduction in response of C. manginecans growth in inoculated green house mango 

plants (Table 19), which shows one unit change in treatments will affect the 3.078e0.0323x 

lesion length in response (Fig. 29).  
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Table 18: Analysis of variance for efficacy of fungicides against C. manginecans in green 

house 

Source of variation                 DF        SS         MS        F             P 

Data                                  2     76.999     38.499         385.79      0.0000* 

Concetration                             2     19.836     9.9179         188.22      0.0000* 

Replication                             2      2.271      1.1354            21.55     0.0000* 

Treatment                             3      112.55    37.517         712.00     0.0000* 

Treatment*Data                                    6      0.377     0.0628           0.63       0.7060NS 

Concetration*Treatment                  6      4.013       0.6688           12.69     0.0000* 

Data* Concetration                              4      0.330       0.0826    0.83      0.5119NS 

Concetration*Treatment*Data            12     0.783       0.0652    0.65      0.7890NS 

Error                                  70     3.689      0.0527 

Total                                                     107    224.146 

Grand Mean 3.7835            CV 8.35 

*Significant, NSNon-significant 

 

 

 

 

Fig. 29: Efficacy of fungicides against C. manginecans in green house mango plants 
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Table 19: ANOVA for Regression analysis of green house response of fungicides against 

MSDS causing C. manginecans  

      
Source of variation  Df SS MS F Significance F 

Regression 4 23880.15 5970.037 106.9026   0.0000* 

Residual 103 5752.097 55.8456 

  
Total 107 29632.25       

 

     

   

Fig. 30: Regression analysis for the response of fungicides in green house mango plants 

against MSDS associated C. manginecans          
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Field 
Fungicides i.e. carbendazim and Topsin-M + Carbendazim on the basis of efficacy in green 

house experiment were selected with concentrations of 500 and 750 PPM for field trial. 

Analysis of variance was generated, shows data days, treatments, concentration, and 

treatments + concentration were significant P<0.000, while replications and data days in 

relation to concentration & treatment were non-significant with values of P> 0.05 (Table No 

20) Which described these have no significant role in the % decrease in disease severity 

according to the trial. Least significant difference test at 0.05% level of significance was 

performed which resulted the fungicides significantly reduced the disease severity of affected 

mango plants on different concentrations. Carbendazim significantly reduced the disease 

severity/control (%) in affected mango plants at concentrations 500 PPM (4.2/25) and 750 

PPM (7.3/30) after seven days of inoculation. While, after fourteen days carbendazim inhibit 

the disease severity at 500 PPM (13/37), 750 PPM (15.50/44) and after twenty one days of 

inoculation the lesion length was at 500 PPM (18.34/52), 750 PPM (21.7/56).  Followed by 

Topsin-M + Carbendazim at concentrations 500 PPM (8/25), 750 PPM (10/30) after seven 

days, after fourteen days at 500 PPM (16/37), 750 PPM (19/44), after twenty one days at 

500PPM (24/52), 750 PPM (25/56).  Carbendazim showed significant reduction in disease 

severity at 500 PPM & 750 PPM as compared to control. Topsin-M + Carbendazim 

combination was least effective as compare to carbendazim (Fig. 30). Both treatments were 

significant in effective management of percent disease severity. 

Regression analysis resulted positive linear-exponential regression for the treatments on 

percent reduction in response of C. manginecans growth in affected mango plants (Table 21), 

which shows one unit change in treatments will affect the 6.1506e0.0229x  disease severity in 

response (Fig. 31).  

Table 20: Analysis of variance for efficacy of fungicides against C. manginecans  

in the field 

Source of variation                      DF        SS             MS         F                   P 

Replication                                      2           0.3          0.13          0.00  0.9991NS 

Treatment                                        2           13918.4  6959.19    2342.66       0.0000* 

Concenteration                                1           27.1        27.07        9.11             0.0048* 

Data                                                 2           1199.4    599.72      201.88         0.0000* 

Treatment*Concenteration              2          30.5        15.23        5.13             0.0113* 

Treatment*Data                               4          4882.1    1220.53    410.87         0.0000* 

Concenteration*Data                       2          43.5        21.74        7.32             0.0023* 

Treatment*Concenteration*Data     4         12.4        3.10          1.04              0.3996NS 

Error                                                34        101.0      2.97 

Total                                                53       20214.6 

Grand Mean 20.315      CV 8.48     *Significant, NSNon-significant 
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Fig. 31: Efficacy of fungicides on mango plants in the field against C. manginecans  

 

 

Table 21: ANOVA for Regression analysis of field response of fungicides against MSDS 

caused by C. manginecans  

 

      Source of variation  Df SS MS F Significance F 

Regression 4 9920.397 2480.099 81.73944 0.0000* 

Residual 49 1486.735 30.34152 

  Total 53 11407.13       
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Fig. 32: Regression analysis for the response of fungicides in the field mango plants 

against MSDS causing C. manginecans  
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Chapter 05 

DISCUSSION 

Mango is one of the major commercial fruit crop for the farmers of mango growing 

areas. Punjab is playing a major role in mango production, climatic conditions and early and 

late season varieties made possible the availability of mango from the month of May to late 

September. This privileges the mango growing farmers to get high income for long period. 

Unfortunately, mango crop is subjected to number of biotic and abiotic stresses in its life 

which ultimately causes losses to the farmers. Biotic stresses are the major threats to the crop. 

Among these, Mango malformation, anthracnose, powdery mildew, Die back, Alternaria 

black spots, stem end rot and mango sudden death are of regular occurrence. Major 

devastating one is mango sudden death that has a potential to swipe out mango from larger 

scale. A good strategy to combat the causing fungus was awaited, as a resistant source 

investigation with chemical treatments; the strategy is devised in this study. 

Survey and collection of samples 

 The sudden death of fruit bearing mango trees is very dreadful for the mango growers. 

In this study, spatio-variational analysis revealed that the districts of southern Punjab; 

Khanewal is showing 83.2% followed by Multan 75%, Muzafergarh 67.9% and Rahim Yar 

Khan 71.5%  is highly affected with overall 74.4% MSDS incidence as compare to districts 

of nothern Punjab; Sialkot and Gujrat and districts of Azad Jammu & Kashmir; Mirpur, Kotli 

and Bhimber showing no MSDS incidence, so, it is concluded that these districts are still not 

affected with MSDS incidence according to the sampling points. This disease hammered the 

trees in all mango growing countries of the world (Batista, 1960; Ploetz, 2003).  Disease 

incidence was also reported from Oman, since 1999, up to 60% of mango trees were 

destroyed in parts of Al-Batinah region (Al-Adawi et al., 2003).  In Pakistan, similar study 

for disease survey by Masood, et al., 2008 & Arshad et al., 2008 was described that the 

Punjab and Sindh Province orchards are suffering from its destructive and latent infection, 

Punjab region is under heavy attack of this disease 23 to 25% mortality.  

 During survey disease symptoms were recorded as wilting of partial or whole tree, 

gum exudation, rotten smell, bark splitting, black & white discoloration of vascular tissues, 

and high infestation of holes due to mango bark beetle (Hypochryphalus mangiferae) 

considered vector of this disease. These symptoms were also recorded and noticed by other 

scientists in their case of studies: Ploetz et al., 1996 characterized the symptoms as 
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defoliation, vascular discoloration, marginal necrosis, leaves chlorosis, roots degradation, tip 

die-back, stem bleeding (Pernezny and Ploetz, 2000), gum exudation, bark splitting, wilting 

of the tree and ultimately tree death (Al-Adawi et al., 2003). Mango bark beetle 

(Hypochryphalous mangiferae) is considered as a vector of this disease (Al-Adawi 2002; Al-

Adawi et al., 2003; Ribeiro, 1980; Yamashiro and Myazaki, 1985; Ploetz, 2003). 

Results from survey confirmed the importance of MSDS as a destructive disease 

which seriously impacts mango growers for heavy economic losses and our country is going 

down in world ranking for mango production.  

Isolation 

A high proportion of infected samples from MSDS affected tree tissues on isolation 

resulted a high frequency of Ceratocystis sp. in this present study confirm the major role of 

the fungus in the cause of sudden death of mango trees. Overall percent isolation was 73% 

from southern Punjab. District wise percent isolation was KHW 73%, MLT 56%, MZG 75% 

and RYK 84%, recorded respectively.  All fifty isolates were identical and were closely 

resembled with Ceratocystis sp.  of Ceratocystis fambraita s.l. species complex, was also 

reported by Van Wyk, et al., 2007. None of the other fungal pathogens were observed on 

isolation in my studies. Ceratocystis fimbriata and L. theobromae were considered the causes 

of severe damage to mango trees (Al-Adawi et al., 2006; Masood et al., 2010). Isolation 

frequency of L. theobromae as a predominant fungus of mango decline has been reported 

(Mahmood and Gill, 2002; Al-Adawi, et al. 2003; Khanzada, et al. 2004, Arshad et al. 2008).  

The former causes do not analogous with my studies.  

So, it was concluded that the Ceratocystis sp. is frequently isolated from different 

districts of southern Punjab.  

a) Comparative efficacy of fungal isolates 

Comparative efficacy of Ceratocystis sp. fifty isolates for their growth on + 25 °C was 

evaluated in this study. Seventeen isolates CMK04 (4.3 cm), CMK05 (4.5 cm), CMK06 (4.3 

cm), CMK07 (4 cm), CMK08 (4.1 cm), CMM12 (4.7 cm), CMM14 (4.5 cm), CMM17 (4.8 

cm), CMG21 (4.4 cm), CMG23 (4.2 cm), CMG27 (4.6 cm), CMG28 (4.1 cm), CMR35 (4.2 

cm), CMR37 (4.5 cm), CMR38 (4.3 cm), CMR46 (4.3 cm) and CMR48 (4.5 cm) were grow 

fast with mean growth area 4 to 4.8 cm covered in a 9 cm petridish in 7 days with the 

production of almost all morphological characters out of 50 Ceratocystis sp. isolates. None of 

the isolate was capable to grow on temperature lower than 20 °C and above 30 °C. Similar 

results were obtained for no growth on lower or higher than 25 °C by Van Wyk, et al., 2007. 
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Morphology 

Isolates on MEA clearly represented and confirmed the isolation results that the 

fungus is a member of the C. fimbriata s. l. complex based on morphological characteristics 

of both the sexual and asexual structures. Cultures were greyish olive with black ascomata 

with globsed bases, long necks of lighter color at the apices exuded hat shaped and hyaline 

ascospores. Primry cylindrical hyaline conidia and secondary barrel shaped hyaline conidia 

were present with their tubular condiophores, respectively. Globesd to oval shaped olive 

brown chlamydospores were also present as resting spores for asexual reproduction. 

Statistical analysis revealed none of the morphological characters of all isolates were 

different with each other at P<0.05. All morphological characteristics of the isolates 

examined in this study were similar to those in the description given for the C. manginecans 

isolated from diseased mango trees as described by Van Wyk et al. 2007.  

Phylogeny 

DNA characterization of fungal isolates was necessary for the identification of true 

cause behind this devastating mango sudden death disease. In this study, DNA 

characterization of three conserved gene regions, the Internal Transcription Spacer (ITS) 

region including the 5.8S rDNA operon, Beta-tubulin (βt) and Transcription Elongation 

Factor-1 alpha (EF-1α) of four fungal isolates CMK04, CMM12, CMG23, CMR35  was 

successfully done. Sequence analyses were represented 1833 bp characters’ genome of C. 

manginecans with 100% pairwise identity of all four isolates. In comparison with other 

described species; C. manginecans, C. fimbriata s.s. complex, C. cocaofunesta, C. 

pirilliformis, C. atrox, C. polychroma, C. albifundus, C. smalleyi, C. caryae, and C. 

populicola on bootstrap test (1000 replicates) revealed no significant phylogenetic difference 

between the isolates from Oman and Pakistan described earlier by Van Wyk, et al., 2007 and 

included in this study, which all clustered closely together in a nested clade (BP=98%). The 

isolates of C. manginecans were most closely related to C. fimbraiat s.s. species complex and 

C, cacaofunesta., separated from other species in the C. fimbariata s. l. species complex. C. 

virescence was treated as outgroup. Ceratocystis manginecans a serious pathogen of mango 

in Oman and Pakistan was also identified by Tarigan et al., 2010. From this study it is 

concluded that the cause of MSDS is Ceratocystis mangineacans. 
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Pathogenicity Testing 

Pathogenicity trial on inoculation of mango seedlings with C. manginecans resulted in 

typical wilting and declining symptoms with gum exudation, brown to black discoloration, 

and bark splitting after one week of inoculation, same as recorded during survey of MSDS 

incidence in mango orchards. Rate of internal discoloration of wood tissues showed no 

significance difference in opposing directions but severity decrease with increasing the 

distance from point of inoculation. C. manginecans growth in xylem tissues provides the 

growth nutrients vertically, which supports the fungal pathogen not to get any significance 

obstruction from severe wilt symptoms.  Limited necrosis on inoculation is defence 

mechanism but further progression with necrosis, gummosis and wilting with discoloration is 

common in Ceratocystis induced wilt diseases. Even in the end of the experiment almost all 

susceptible seedlings were declined. Whereas, controlled seedlings were not get diseased or 

wilted. Correlation analysis indicates a significant and positive correlation between rate of 

opposite directions, tissue discoloration and progress of disease (r ≥ 0.99; P < 0.05). The 

upward and downward movements were same in C. manginecans growth, discoloration of 

mango seedlings and disease progress was reported by Abdullah, et al., 2010. Re-isolation 

results in the same fungal isolates of C. manginecans as isolated and inoculated on the 

seedlings to prove the pathogenicity of isolate used for inoculation, while control seedlings 

were unable to give any type of fungal isolates. Similarly, after disease development, the 

inoculated C. manginecans fungus was recovered from mango plants (Adawi et al., 2013).  

Histological Studies 

C. manginecans fungal mycellia on inoculation in mango seedlings shows 

discoloration of stem cells due to the deposition of phenolic compounds in higher quantity. 

Wood decay and discoloration or total collapse of dermal tissues due to C. manginecans is 

common feature of seedling decay following with wilting. Deposition of phenolic compounds 

and production of gums and cell necrosis results in xylem and phloem dysfunctioning to 

translocate the water and mineral uptake, and isolates grow faster even against the gravity in 

both opposite directions and ultimately, seedlings starts suffering in disease progression with 

the dry, rigid surface, loss of water, nutrients and growth of C. manginecans fungal hyphae. 

Original cell size got shrinked with dark coloration. Axial rays, xylem vessels and pith cells 

show scelereids due to the loss of water.   C. manginecans contribute to dysfunction the 

xylem with the progressing of fungal hyphae and production of tyloses which prevents the 

normal uptake of water according to present study.  Stem epidermis showed increasing 
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thickness and its cells area collapsed with sclerenchyma thickness, whereas, a healthy tissue 

does not show any thickness of cell epidermis and scelerids. Similarly, in the agreement of 

above results; darkened tissues, production of phenolics, gum, tyloses and fungal mycelium 

were reported in inoculated mango seedlings which were responsible mechanism for wilt and 

death of infected mango trees (Abdullah, et al., 2010). 

Screening for disease resistance 

Screening for disease resistance of mango cultivars in contrast with a specialized 

disease management program thought to be a successful devised technique to combat the 

disease. In this study, screening for disease resistance of indigenous mango germplasm from 

nine districts was resulted high variability in response to C. manginecans fungal isolates as 

highly susceptible host 5%, susceptible 12%, moderately susceptible 25 % verses moderately 

resistant 56 % and resistant 2 %, respectively. Indigenous mango germplasm seedlings 

response resistant indigenous accessions SKT-206, SKT-211, GRT-185, MRP-01, BMB-56, 

and moderately resistant accessions KHW-251, KHW-252, KHW-254, KHW-512, KHW-

513, KHW-511, KHW-331, KHW-333, KHW-335, KHW-506, KHW-,336, KHW-337, 

KHW-340, KHW-508, KHW-341, KHW-502, KHW-504, KHW-482, KHW-483, KHW-497, 

KHW-485, KHW-486, KHW-487, KHW-499, KHW-489, KHW-491, KHW-492, KHW-494, 

KHW-495, KHW-496, MLT-518, MLT-520, MLT-472, MLT-475, MLT-477, MLT-234, 

MLT-241, MLT-246, MLT-248, MLT-249, MLT-346, MLT-348, MLT-349, MLT-371, 

MLT-373, MLT-375, MLT-377, MLT-384, MLT-388, MLT-392, MLT-393, MLT-395, 

MLT-399, MLT-401, MLT-461, MLT-469, MLT-471, MZG-251, MZG-261, MZG-559, 

MZG- MZG-536, MZG-537, MZG-546, MZG-547, MZG-554, MZG-564, MZG-566, MZG-

567, MZG-568, RYK-246, RYK-594, RYK-431, RYK-440, RYK-442, RYK-444, RYK-445, 

RYK-446, RYK-456, RYK-570, RYK-584, RYK-588, RYK-591, RYK-595, RYK-598, 

RYK-599, RYK-600, RYK-601, RYK-602, RYK-603, SKT-23, GRT-96, MRP-05, MRP-06, 

MRP-08, MRP-11, MRP-15, MRP-16, KTL-17, KTL-18, KTL-28, KTL-22, KTL-23, KTL-

26, KTL-30, KTL-32BMB-49, BMB-52, BMB-57, BMB-36, BMB-37, BMB-66, BMB-89, 

BMB-59, BMB-65 BMB-112, BMB-127, BMB-145, were identified as a resistant source.   

Studies on Pakistani mango indigenous germplasm in relation to C. manginecans were 

carried out for the first time. Although, commercial varieties were studied against L. 

theobromae that revealed the mango cultivar Chaunsa was most susceptible with 6.95 and 

3.14% disease incidence and intensity, respectively (Iqbal et al., 2007). While, Malda and 

Ratol cultivars against L. theobromae, C. fimbriata and Phompsis sp. were found tolerant to 
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this Mango sudden death disease (Masood et al., 2011). While, Doseri cultivar in another 

study was noticed comparatively tolerant to others. Regarding to the appearance of percent 

disease symptoms with L. theobromae, Ratol-12 showed highest disease symptoms followed 

by Langra, Fajri, and black chaunsa (Saeed, et al., 2011). 

Commercial and some local varieties of mango was studied in Oman by Al Adawi, et al., 

2013, studies showed only moderately resistant cultivars Hindi Besennara, Sherokerzam, 

Mulgoa, Baneshan, Rose, and Alumpur Baneshan, had smallest lesion and were considered as 

relatively resistant against C. manginecans. Resistant or moderately resistant germplasm and 

its commercialization is a good opportunity for the mango growers.  

Evaluation of Fungicides 

Chemical management of MSDS to escape from heavy losses is a basic strategy. 

Disease is systemic, systemic fungicides can play a role in the management of disease. For 

that reason In vitro, green house and field experiments with systemic fungicidal treatments 

was devised which resulted as in below discussion. 

In vitro 

The effect of four different fungicides under in vitro conditions against the growth 

inhibition of fungal isolates of C. manginecans on MEA resulted Carbendazim significantly 

inhibit the % growth/control at relatively all  concentrations followed by Topsin-M showed 

significant inhibition at 750PPM, Difenconozole and benomyl were least significant as 

compare to carbendazim and Topsin-M.  

Regression analysis resulted positive linear regression for the treatments + concentration on 

percent inhibition response of C. manginecans growth in vitro.  While, in vitro studies to 

inhibited the growth with fungicides i.e., Carbendazim, Dithane M-45, Daconil, Alliete and 

Agrofit  for C. manginecans and L. theobromae was resulted Carbendazim was significant in 

reducing the growth of C. manginecans while Agrofit was the least significant at all 

concentrations (Rehman, et al., 2011). 

Green House 

Plants after inoculation were treated with fungicides, which described all fungicides 

have significant role in the % inhibition of lesion length due to the proliferation of C. 

manginecans. Carbendazim showed significant reduction in lesion length at 500 PPM & 750 

PPM as compared to control. Topsin-M + Carbendazim combination reduced the lesion 

length followed by Topsin-M in single use. Topsin-M was least effective as compare to 

combination with carbendazim. Regression analysis resulted positive linear-exponential 
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regression for the treatments on percent reduction in response of C. manginecans growth in 

inoculated green house mango plants. In greenhouse studies inoculated mango plants with L. 

theobromae were managed with different fungicides, where Topsin-M, Derosal and Pre cure 

combi showed best performance (Arshad, et al., 2008). 

Field 

Carbendazim showed significant reduction in disease severity at 500 PPM & 750 

PPM over control. Topsin-M + Carbendazim combination was least effective as compare to 

carbendazim. Both treatments were significant in effective management of percent disease 

severity in field. Regression analysis resulted positive linear-exponential regression for the 

treatments on percent reduction in response of C. manginecans growth in affected mango 

trees. 

In field L. theobromae affected mango plants were showed on control Topsin-M was 

significant as compare to score which is least effective, while derosal and pre-cure combi 

were the followers of Topsin-M (Arshad, et al., 2008).  

The present study just carried out fungicidal management against C. manginecans in green 

house plants and field mango trees. 
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SUMMARY 

 
Mango is an important fruit crop world widely as well as of Pakistan. In world 

ranking of mango production, Pakistan was ranked fourth but with the passage of time and 

devastating diseases ranking is going down, now Pakistan ranked fifth. If the scenario will 

not changed, we will loss our name from the top mango producers, and ultimately this will 

starts from Pakistan’s economy and ends to our growers’ loss.  

 Mango sudden death which is the major burning issue, with other pathological 

diseases, is leading to the continuous low production. A study on MSDS cause, mechanism 

behind the disease progression, screening of resistant source and chemical management was 

necessary to combat the disease. In this present studies, actual picture of disease incidence 

was presented in four mango growing districts of southern Punjab; Khanewal 83.2%, Multan 

75%, Muzafergarh 67.9% and Rahim Yar Khan 71.5%, northern Punjab; Sialkot (≈0%) and 

Gujrat (≈0%) and AJK; Mirpur (≈0%), Kotli (≈0%) and Bhimber (≈0%). So, it was 

concluded the southern Punjab which is hub for good mango production is under attack, 

while northern Punjab and AJK were almost disease free. The cause was identified 

‘‘Ceratocystis manginecans’’ a single fungus, vectored by Hypochryhalus mangiferae for 

further spread and distribution. The fungus is recently becomes the aggressive specie in the 

Ceratocystis fimbriata s. l species complex, devastate many mango orchards as a key 

pathogen in Pakistan, Oman and other mango growing countries in different periods of time. 

Ceratocystis is considered a famous wilt causing genera with number of species. Actually, 

when the fungus Ceratocystis manginecans systemically progress with the production of 

phenolic compounds, sclerides, epidermal thickness, tyloses, hypahel proliferation in xylem 

tissues and stops the water translocation turns the tree to exudes  gum, discoloration, wilting 

of leaves and make the tree to dead, other saprophytic pathogens grow as secondary 

pathogens on dead tree bark for their survival. So, the disease is no more a syndrome, it’s 

better to named mango sudden death disease or mango quick decline. 

 Resistant and moderately resistant indigenous mango germplasm accessions from all 

nine districts were identified, as a source of resistant germplasm.  

Carbendazim and carbendazim + Topsin-M was significantly reduced the disease progression 

in green house and field experiments. Utilization of fungicides with moderately resistant and 

moderately susceptible source can prevent the disease to destroy the mango trees.  
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Future Suggestions for the strategic management of MSDS: 

Cause C. manginecans is single, vectored by Mango bark beetle, for that a strategy is devised 

as; 

 Use of certified rootstock and scion 

 Avoid establishment of nurseries in orchards suffering with sudden death problems 

 Avoid trees from physical and mechanical injuries 

 Uproot the diseased trees and destroyed 

 Avoid from intercropping with mango orchards 

 Avoid flood irrigation 

 Protect from root grafting; a source of disease spread 

 Implementation of quarantine measures within the country and outside the country 

should play a main role in the disease distribution  

 Maintain the orchards excellent health with proper and on time fertilization, cultural, 

irrigational, and fungicidal applications 

 Hesitate to move southern Punjab germplasm to northern Punjab and AJK; considered 

to be disease free 

 Destruction of disease crop residues 

 Establish disease free orchards with daily keen observations and try to contact 

agricultural personnel to combat against the issue 

 Use of pesticides against the mango bark beetle; contribute to less spread and 

distribution within the orchard 

 Fungicidal sprays of systemic fungicides should be used; Carbendazim, Carbendazim 

+ Topsin-M 

Future research work suggestions: 

Multiplication and commercialization of identified resistant indigenous germplasm 
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